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Abstract 

Reduction of C02 emissions is a challenge in all sectors of the process industry. From experience in 
the food and drink industry we find that process energy reduction and optimisation are often the 
last areas to be tackled after general good housekeeping, improving efficiency of supply of utilities 
(hot and chilled water) and investment in new equipment. While this prioritisation has good 
reason; we find much potential to reduce energy consumption in the running of process plant. We 
review historical energy studies and highlight that certain processes (pasteurisation, Clean In 
Place, spray drying) come up regularly as targets for process optimisation due to being high energy 
consumers and having a degree of complexity. We also find that these processes often lack 
sufficient monitoring to track energy consumption and define them as “black boxes”. For these 
“black box” processes we use ethnography to investigate the potential role of the operator to 
reduce energy consumption. We investigate their autonomy and ability to juggle control priorities; 
we also look at visualisation issues with regards to the data. If operators are tasked with reducing 
energy consumption, and provided with data on the energy use of the process; they have the skills 
and autonomy to achieve that task. Data from operating plant has been extracted and studied to 
identify energy consumption issues that have gone unnoticed. These are quantified and discussed 
with operators. Two methods are developed to allow operators to include energy consumption of 
the plant as a factor they control for. Simple data visualisation is used to provide live plant energy 
consumption information to operators. This method is trialled with client sites to produce 
implementation case studies. Then k-means clustering is adapted to identify cases when changes 
in pasteuriser temperatures and mass flows warrant further investigation and/or action by the 
operator. 
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1. Introduction 

In dairy processing there is still some kit that consumes a high proportion of the site’s energy - but 
how much and how efficiently is often not known, principally due to lack of monitoring1. 

This section introduces the problem to be addressed within the EngD study and provides some 

detail on the wider context. A guide to the work done throughout the thesis is provided. 

1.1 What is the problem?  

The problem identified within this thesis is that of energy use of pasteurisation, its contribution to 

climate change as CO2e (CO2 equivalent) and its financial impact to the dairy company. At this 

initial point it is useful to reflect that there are those who have identified this as an environmental 

issue (the author included), but from our experience, for the main stakeholders the CO2e impact is 

not such a significant driver. 

There are several large dairy processing companies in the UK. The industry is made up of a handful 

of larger players; each having several production sites and throughputs of hundreds of thousands 

of litres per day as shown in section 1.3. There are also many much smaller companies with single 

sites of throughputs 100 times smaller. 

The UK dairy processing industry employs 23,000 people; with a further 50,000 people employed 

on dairy farms. The dairy industry is a very significant part of the UK’s food and drink industry. 

Dairy processing is always a subset of the dairy industry as a whole. There are 13,000 dairy farmers 

producing over 14bn litres of milk per year. This accounts for 14.8% of the value of agricultural 

produce in the UK. The whole of the dairy industry has an aggregate turnover impact of £27.8bn 

(Dairy UK 2017). 

 
 

 
1 Table 1-3 for summaries of all chapters 
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In carbon terms, world milk production contributes 2.7% of total GHG emissions (Food and 

Agriculture Organization of the United Nations 2010) (2007 figures, see also Figure 1-1) which in 

2010 were 49GtCO2e (IPCC, 2014). UK dairy industry emissions in 2012 were 5,141 ktCO2e2 which 

is 0.6% of the 0.86 GtCO2e UK total emissions. 

A typical large UK dairy processing site (of the kind we are mainly dealing with in our studies) 

would have annual CO2 emissions of 20ktCO2e (Carbon Trust, 2010) And within that site, 20-40% 

of process energy consumption can be directly related to pasteurisation. (Col, 2016)(Xu & Flapper, 

2009) 

A carbon foot printing study (Flysjö, Thrane, & Hermansen, 2014) undertaken using data from Arla 

sites (and suppliers of milk) in Denmark show the difference in CO2e across the different activities 

related to milk production. Data from that study is shown in Table 1-1. 

Table 1-1 total amounts of raw milk, dairy products, other non-dairy raw materials and ingredients, packaging, energy and 
transports from key activities and their carbon footprint (CF) from cradle to gate (Flysjö et al., 2014) 

Key activities Total amounts Total CF (tonnes CO2e) 

Raw milk 8,741,000 tonnes  8,900,000 

Purchased dairy products 914,000 tonnes 1,102,000  

Other raw materials and ingredients 143,000 tonnes 240,000 

Packaging  114,000 tonnes  325,000 

Energy 7,409,000 GJ 697,000 

Inbound transport 58,000 m3 diesel 158,000 

Outbound transport 38,000 m3 diesel 104,000 

 

Tomasula (Tomasula, Yee, Mcaloon, Nutter, & Bonnaillie, 2013) uses computer simulation of a 

dairy processing model to show that improvements in regeneration efficiency can more than half 

the specific energy consumption and greenhouse gas emissions of milk produced. 

 
 

 
2 Data download consumption emissions 1997-2012, Department for Environment, Food & Rural Affairs, 2012. 
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The quality of the product is of the utmost importance to stakeholders3, consumers and dairy 

companies. The importance of quality is observed through the process, in all external literature 

and communications, and all process design and control is focused on quality. But what is meant 

by quality? Taste and safety of the product are top concerns of consumers4. Factors that affect 

length and conditions of storage are also included in considerations of quality. For a particular 

product, such as a carton of milk, there will be a recipe or specification that achieves a certain fat 

percentage, flavour, colour, mouth feel etc. These are the things that keep the customer buying 

the same brand. Safety is of top importance and is affected by bug kill and pasteurisation 

effectiveness. This is also linked to storage issues. The longer a product can be stored; the easier it 

is to manage stock levels and production flow. There may also be less need for costly refrigeration. 

Ultra-Heat Treated (UHT) milk keeps for several months (Lorenzen et al., 2010) but comes with 

trade-offs on taste and customer perception. These factors will vary depending on product, but for 

each product there will be a specification, and achievement of that is the most important aim. 

Climate change is a global challenge that has to be addressed by finding carbon reduction 

solutions in multiple sectors and disciplines. Verco work with large food and drink manufacturers 

across the world. Food and drink is the largest manufacturing sector in the UK by turnover and has 

continued to grow even during recession and financial crisis of 2008. The sector has made 

improvements in carbon reduction but process optimisation still has a great deal of potential. 

Taking dairies as a starting point there are a number of process units that remain intractable when 

it comes to understanding or reducing energy use; these are the “black boxes”. By process units 

we mean either off-the-shelf equipment or a collection of equipment that is referred to on site as 

a single element of the process such as: pasteurisation, separation, packaging etc. (see Figure 1-1).  

These process units are controlled by SCADA systems (Site Control And Data Acquisition) to 

achieve product quality aims. Data are captured on flows, temperatures, pressures and so on, and 

 
 

 
3 https://www.dairyuk.org/the-uk-dairy-industry/#qualityandsafety 

4 https://emea.ingredion.com/MeetIngredion/News/CLEANLABELDAIRYBAKERY.html 
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are used by the SCADA system and operators to spot faults or issues and run automated process 

routines. Within the complexity of the system, there are numerous issues that can cause the 

process to be running inefficiently. The system is not set up to identify inefficiencies. The control 

system is based only around achieving required standards of product quality. These will vary as to 

how they are measured, for example in pasteurisation it is residence time at a particular 

temperature to achieve bug kill. For another product it may be that density and cream 

concentration are the key values to control for. Utilities are generally monitored at site and some 

sub-metered levels, but any detailed review of specific process efficiency is done on an irregular 

basis. The SCADA data captured however can be used to understand what is happening in the 

“black boxes” with some analysis. This concept of black boxes is expanded on in section 1.2. but in 

brief describes a process where a lack of relevant monitoring (or lack of imperative from 

management) results in the energy consumption not being understood. 

The purpose of the EngD project is to “unlock” the black box process elements typically found in a 

range of food & beverage processing for example pasteurisation, clean in place (CIP) etc. In order 

to: 

• improve the understanding of energy use in these processes for clients 

• spot deterioration in the process   

• look for improvement opportunities 

• understand process interactions on model reliability and accuracy and 

• to be able to do this on an a continuing basis, as opposed to one off reviews. 

The intention is to develop new techniques for ongoing process plant energy analysis.  

Saving money is ultimately what the end client requires. Depending on the client, the priorities of 

energy and carbon will vary, but for wider stakeholder interests (UK government targets, 

campaign group interest, and industry profile) the issues of carbon and energy reduction remain 

critically important. 
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For Verco the aim is to produce useful tools that can be used in delivering further projects and 

provide value to our clients. Innovation in this area is important to Verco and also to the academic 

requirements of the EngD. 

1.2 Dairy Plant and Black Boxes 

Milk is a staple of the UK diet, and a significant element of UK food and drink manufacturing. Dairy 

products manufacturing accounted for £1,9b of GVA (Gross Value Added) in 2013 (Hayes, Lee, 

Rumsey, Keane, & Scaife, 2015). Milk can vary in its composition of fat to water content, and 

amounts of lactose, protein and minerals. It can therefore have differing densities, viscosities and 

taste characteristics(Hayes et al., 2015).  

The Carbon Trust Dairy Accelerator document (Carbon Trust, 2010) gives a simplified overview of a 

typical dairy processing plant (Figure 1-1). 

There is typically a stage of raw milk processing that includes the importing of the product to site, 

separation (into cream and skim), pasteurisation and sometimes homogenization. Pasteurisation is 

heat treatment of the dairy product in order to kill bacteria and improve product safety and shelf 

life.  Homogenisation is a mechanical treatment of milk that prevents the cream from settling out; 

the process breaks the fat globules into such small particles that they are unable to re-

combine(Carbon Trust, 2010).  

Depending on the products made at site; there are then further processing steps to make different 

products: cream, cheese, yoghurt etc. followed by a packaging and distribution process. 

The site will have a number of supporting processes including clean in place, and heating and 

cooling systems. 
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Figure 1-1 Simplified energy demands in milk and cheese production (used with permission from (Carbon Trust, 2010)) 

1.2.1 What is a black box? 

The term black box has been used here to describe process units where a lack of relevant 

monitoring (or lack of imperative from management) means that the energy consumption is not 

known. For some equipment the lack of monitoring means that the energy consumption cannot be 

known without additional meter points. For other equipment the black box nature is more related 

to how the equipment is perceived with regards to energy. The monitoring data may be available, 

but if it is not used, then it is still a black box with regards to how the operator interacts with it on 

the subject of energy.  

Previous studies into dairy processing have utilised the term “black box” when finding that sites 

cannot provide transparent data for product line mass and energy flows (González-García, 

Castanheira, Dias, & Arroja, 2012)(Col, 2016). 

The term black box has other definitions. Within aviation, a black box is another term for a flight 

recorder (despite being bright orange) used to record data that can be used to investigate 

incidents. This usage has little relation to our situation. As a more abstract concept; a black box is a 
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system or object that can be viewed in terms of inputs and outputs, but where the mechanism 

“within” that system or object that converts inputs to outputs is not known. A whole field of 

analysis relates to understanding how the input and output data relates to each other in order 

that future outputs can be predicted based on known inputs or vice versa. Key to this is the 

“explanatory principle” which has several key points (Glanville, 2009):  

· The input and output are understood to be distinct 

· The inputs and outputs can be observed and measured 

· The workings of the black box cannot be uncovered/opened by the observer 

The term black box is applied in any field when dealing with an issue where the inner workings of 

something are not known or understood. It is used where some investigation occurs into the 

relationship between the outside appearance of the object (system etc.) and its internal state or 

mechanism(Feshbach, 1979).The observer is assumed to be lacking any data or information on the 

inner workings and can only rely on observable outputs to draw conclusions and undertake 

analysis (Bunge, 2019). 

The term’s use in philosophy and psychology relates to study of behaviour where the inner 

workings of the mind are not known (Salzinger, 1973). The black box theory of consciousness 

states that the workings of the mind can be understood from analysis of behaviour(Dennett, 

1974). 

Figure 1-2 shows a SCADA screen shot of a pasteurisation unit alongside temperature profiles for 

an efficient unit and an inefficient unit. Pasteurisation is found in many food and drink processes 

and is a way of improving product safety and storage life. The process uses heat exchangers to 

raise the temperature of the product to a specific point and hold it for a specified time. There are 

variations on the process and variations on the specification for different products but for example 

milk using High-Temperature, Short-Time (HTST) pasturisation will be heated to 72°C and held for 

15 seconds. The aim with the process is to heat the milk quickly and then cool it back down to a 

chilled temperature. Most pasteurisation units use a regeneration section to make use of the 

waste heat from pasteurisation. A longer lasting bug kill can be achieved with higher temperatures 
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(UHT milk) and this results in vastly improved shelf life, nevertheless has negative impacts on 

consumer taste perception (Lorenzen et al., 2010). 

The HTST process is such that cool product enters the regeneration zone at approximately 4°C, and 

is then heated by product that has just been pasteurised. The product is heated in a second heat 

exchanger, using hot water generated by steam, to the pasteurisation temperature. The product is 

held at the pasteurisation temperature in an insulated tube. The SCADA (Site Control And Data 

Acquisition) system will monitor the pasteurisation temperature before and after the holding 

tube. These measurements are central to quality assurance for the product. The pasteurised 

product then re-enters the regeneration zone, exchanging its waste heat with incoming product, 

before being cooled further to a temperature required for the next stage.  

The temperature of the incoming product and outgoing product are usually monitored. 

Nevertheless, it is typical for sites to have very little monitoring on the specific uses of the steam 

and chilled water systems in different process units. This makes the pasteurisation unit a black box 

in that the monitored temperatures cannot tell you how much heat energy is being exchanged in 

each of the heat exchangers. The system monitors for the desired product quality set-points but 

this could have been achieved as a result of adding in large amounts of heat from the steam 

system to make up for poor regenerator performance. This would then be followed by using larger 

than necessary amounts of chilled water to cool the product.  
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Figure 1-2 Basic pasteurisation unit as seen on a SCADA mimic screen (operator view) based on plate heat exchangers with 
examples of efficient and inefficient temperature profiles across the regenerator shown inset. 

Figure 1-2 includes the temperature profiles across the three heat exchangers for the case of a 

unit with efficient regeneration zone (a) and then also for an inefficient unit (b). In both cases the 

measured temperatures (incoming product, before and after holding zone and outgoing product) 

remain the same. The operator only sees the measured temperatures; the information from the 

inset diagram in Figure 1-2 (including additional calculated temperatures) are not available to the 

operator. The measured temperatures remain the same for both situations therefore the operator 

cannot identify inefficient operation from viewing the measured temperatures. In order to deduce 

that the regeneration unit was operating inefficiently (e.g. due to fouling) it would be necessary to 

have access to information on the temperature after regeneration and/or the heat input on the 
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hot heat exchanger. It is not possible to calculate heat transfer given only those limited 

temperatures.   

This example illustrates the issue of a “black box”, and was the primary example that prompted 

investigation into this topic. Section 2.3 explores what other black box units can be found on food 

processing sites and highlights that, within the terms of this EngD project, a “black box” is a 

significant energy consuming process such as pasteurisation where the majority of inputs and 

outputs are known, but energy consumption is not monitored. 

1.3 What is the size of the issue? Why care? 

The work undertaken in the EngD project focuses on dairy production processes and in particular 

pasteurisation; the work is relevant to other dairy processes and processes in the wider food and 

drink industry. Pasteurisation is used across food and drink processing. In this section we look at 

the scale of energy reductions possible.  

1.3.1 Food and Drink industry 

The UK food and drink sector was worth £113 billion and 6.4% of Gross Value Added in 20165 . Of 

that food and drink manufacturing contributed £29.5bn. Food and drink manufacturing overall in 

the UK employs 0.39million people (Q1 2018). The Dairy sector accounted for £2.6bn GVA in 2016 

from 490 SMEs. Within the EU, food and drink is responsible for a value added of €195 billion of 

which dairy processing contributed 9%(Eurostat, 2011). 

The UK food chain in its entirety is responsible for 18% of UK energy use and 176 MtCO2e 

emissions. Food and drink processing is responsible for 15% of total food-chain energy use and 13 

MtCO2e (Tassou, 2014). Of the food products produced the manufacture of bread and pastry 

 
 

 
5 National Statistics - Food statistics in your pocket 2017 food stats pocketbook 

https://www.gov.uk/government/publications/food-statistics-pocketbook-2017/food-statistics-in-your-pocket-2017-summary
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goods, cheese and dairy, meat and poultry and the production of beer and other alcoholic drinks 

account for 80% of carbon emissions(Tassou, 2014). 

The food and drink federation (FDF) has targets under the Courtauld 20256commitment; this is a 

voluntary agreement to which food and drink industries have signed up, including Dairy UK. The 

FDF also publish an “ambition 2025” initiative. For CO2 emissions the target is “Achieve a 55% 

absolute reduction in CO2 emissions by 2025 against the 1990 baseline.” The aim by 2025 is to 

reduce resources required to produce food and drink by 20%. The specific targets are: 

· 20% reduction in food and drink waste arising in the UK 

· 20% reduction GHG intensity of food and drink consumed in the UK 

· A reduction in impact associated with water use in the supply chain.  

In the 2017 progress document7 it was reported that FDF members had reported an absolute 

reduction of 51% in CO2 emissions from energy in manufacturing by 2016 against the 1990 

baseline. A new longer term target of 80% reduction by 2050 has also been set. 

1.3.2 Energy and Carbon Targets 

The Dairy UK White Paper 2017 includes targets adopted by dairy processors:  “All major 

processing companies to be implementing a carbon management programme”, with the progress 

comment: “All 5 major dairy processing companies currently reporting into the Dairy Roadmap 

have programmes to monitor and reduce their carbon emissions.”  

There are no specific targets relating to energy or carbon that are set at an industry level. The 

White Paper 2017 also details work on a sector carbon foot printing initiative: “At present over 90 

 
 

 
6 http://www.wrap.org.uk/food-drink/business-food-waste/courtauld-2025 

7 http://www.fdf.org.uk/corporate_pubs/sustainability-progress-report-2017.pdf 
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processing sites from around 60 companies are participating in the second phase of the CCA 

running from 2013 to 2023”  

There are future targets within the 2017 White Paper: For 2020 “To achieve a 15% improvement in 

energy efficiency” and for 2025: “30% relative reduction in carbon related to energy use at 

processing sites”.   It is not entirely clear against what baseline the 15% is being measured. If it is 

against 1990 levels, then this is an un-ambitious target, particularly given performance already 

achieved by producers who have climate change agreements. During the first phase (1998-2010) 

the dairy sector participants to climate change agreements improved energy efficiency by 27.9% 

saving 257,337 tonnes of CO2. In the second phase (2013 to 2023) there are 90 processing sites 

from approximately 60 companies participating.  As mentioned above, the benchmark date is not 

clear, but from the text of the 2017 white paper, it seems that a target improvement of 13.6% was 

agreed with government for the period 2008 to 2020. Data from the CC target period (2013 to 

2014) shows that the dairy sector has already achieved 15.8% improvement against the 2008 level. 

More ambition could be applied.  

From the benchmarking undertaken as part of the Dairy UK roadmap a 16% increase in energy 

efficiency has been observed since 2008. 

Dairy UK are not currently a fully signed up member of the Dairy Sustainability Framework, but are 

considering joining as an aggregate member by which they will need to report against eleven 

criteria set out in The Dairy Sustainability Framework Global Criteria including Greenhouse Gas 

Emissions.  

The industry roadmap and action plan (pg. 79 UK White Paper 2017) says very little about 

improving the efficiency of the process. It could be implied from the following action plan points: 

• “Increase the adoption of state-of-the-art (SAT) technologies 

• Improve the food and drink sector’s awareness of existing funding and finance options for 

both mature energy efficiency and decarbonisation technologies…. 

• Identify and implement industrial heat recovery projects that realise benefits for the 

sector.” 
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The action plan does not specifically discuss process efficiency. This is consistent with industry 

treating processes as “black boxes”. 

 

1.3.3 How is the industry formed?  

“UK dairy processors currently process 14 billion litres of milk supplied by 13 thousand dairy 

farmers. UK dairy processors directly employ 23 thousand staff in dairy operations and cheese 

making. A total of 50 thousand individuals are employed on dairy farms in the UK.”(Dairy UK, 2017) 

 

The dairy processing industry is dominated by a handful of major processing organisations: 

• Arla Foods UK 

• Dairy Crest 

• First Milk 

• Glanbia Cheese 

• Muller UK & Ireland 

• Dale Farm Co-op 

 

In the UK, dairy facilities capable of processing over 100 million litres of milk account for 90% of 

the UK processing. The remainder of dairy processing is undertaken by smaller operations; a 

mixture of co-op processing and smaller private dairies. Only 1% of milk production is sold by 

farmers direct to consumers. There are approximately 20 micro dairies in the UK; small operations 

producing and processing their milk and related products in house. Table 1-2 shows the capacity 

distribution of dairy processing operations in the UK. 
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Table 1-2 Dairy enterprises by annual production of drinking milk in 2015 (source: DEFRA8) 

Classes by volume 
(tonnes/year) of milk 
production 

Number of 
enterprises 

% of 
enterprises 

Volume of milk 
production in 1,000 t 

% of total milk 
production 

1,000 and under 209 86% 60 0.9% 

1,001 to 10,000 15 6.2% 48 0.7% 

10,001 to 30,000 5 2.1% 104 1.6% 

30,001 to 100,000 6 2.5% 404 6.2% 

over 100,000 7 2.9% 5,874 91% 

Total 242 100% 6,490 100% 

1.3.4 How prevalent are black box items as described in 1.2? 

For the work in section 2.4; eight major dairy processing sites were contacted to discuss what 

monitoring was present on pasteurization units. These eight sites contained 64 pasteurisation 

units between them. Some of the larger sites have as many as 15 pasteurisation units.  

In the UK, 90% of milk processing is undertaken on sites that process over 100millon litres of milk 

annually (per site)(Dairy UK, 2017). In terms of number of sites, there are 209 enterprises who 

process less than 1,000 litres of milk, this amounts to 86% of the number of companies Dairy UK, 

2017) 

Pasteurisation is also used in other food and drink processes including in brewing. Not all beers are 

pasteurised but flash pasteurization is used for many beers. Pasteurisation is also commonly used 

with fruit juices, canned food and syrups. 

  

 
 

 
8 https://www.gov.uk/government/statistics/milk-utilisation-by-dairies-in-england-and-wales “Size distribution of UK 
dairy companies” 

https://www.gov.uk/government/statistics/milk-utilisation-by-dairies-in-england-and-wales
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1.4 Description of work done and guide to the thesis 

This thesis concerns the energy use in dairy processing viewed from a perspective that includes 

the operator as a key contributor to the process and therefore the potential to reduce that energy 

consumption. The work focused on pasteurisation as representative of “black box” processes 

where the operator was key to reducing energy use and where this interaction may be 

complicated by factors such as data availability, interpretation and conflicting priorities. The 

intention was to understand issues around operator interaction with “black box” processes in 

order to better support clients in energy and cost reduction.  

The work included several key themes, two of which resulted in published papers. “A review of 

pasteurisation process monitoring to support energy efficiency in the dairy industry” was 

presented at the eceee Industrial Efficiency Conference in Berlin 2018. It consisted of phone 

interviews with 8 major dairy processing sites which revealed the poor state of process monitoring 

and the lack of use of available data to review process energy use in the industry. The paper 

“Human factors in dairy industry process control for energy reduction” was published by the 

Journal of Cleaner Production. The use of ethnography to look at a topic such as control room 

based energy reduction was unique.  

Access to data from several client sites allowed for the identification of a variety of energy related 

issues and reduction opportunities that are being missed. Savings of over £150k were identified 

and fed back to the client sites. The data was then used to look at the potential for machine 

learning techniques to add value to the need to reduce process energy consumption in addition to 

considering the factors around provision of information to operators and the implications for 

supporting their role in energy reduction.   

The work has included a mixture of data analysis and review of the “hard” system elements i.e. 

collecting and analysing data from working pasteurisation plants, but also importantly, a focus on 

the “soft” system elements of the people involved, in particular operators( (Peter Checkland, 

1990)page A10).  



32 
 

The work concludes that process control for energy efficiency is not sufficiently robust in the food 

& drink industry in particular dairy processing. In addition, this work aims to look beyond a narrow 

technical scope and consider the role of the operator and the overall problem using systems 

techniques. Currently, in this sphere, energy reduction is seen as a task for managers and 

engineers and is thus removed from the immediate control of the process. Widening responsibility 

for energy has many benefits including being part of a more detailed and live interaction with the 

process. This work can be seen as requirements elicitation for a process control decision support 

solution.  

Table 1-3 is a guide to the thesis. Chapters and headings are shown in the first column. The second 

column can be read through to give an idea of the overall theme of the thesis. The paragraphs 

relate to each chapter as shown in the table. Further detail on what practically was done and what 

the novel contributions are can be found in the third and fourth columns. 

Motivation and question structure is explained in section 2.2. 

Table 1-3 Thesis overview and contribution to knowledge 

Headings What is the chapter about? What did we do? What are the 
contributions to 
knowledge? 

Chapter 1. Introduction  
1.1 What is the problem 
1.2 Dairy plant and black 
boxes 
1.3 What is the size of 
the issue, why care? 

“In dairy processing there is still 
some equipment that consumes a 
high proportion of the site’s 
energy - but how much and how 
efficiently is often not known, 
principally due to lack of 
monitoring.” 

General introduction 

Definition of black boxes, 
description of relevant plant 
Data gathering re industry 

 

Chapter 2. Systems and 
problem exploration 
2.1 Systems – 
introduction 
2.2 Systems – the 
research question 
2.3 Which are the black 
boxes? 
2.4 Does process control 
for energy happen? 

“The technical equipment used in 
dairy processing amounts to a 
complicated system. The human 
interface and competing control 
aims that make it complex. 
Systems thinking can be useful in 
helping to approach the problem.” 

A review of issues using systems 
methods 

A review of Verco energy surveys 

Telephone survey of large UK dairy 
processing sites (Challis, Wilson, 
Kay, Tierney, & Todd, 2017). This 
was also presented at the eceee 
Industrial efficiency conference in 
Berlin 2018. 

Description of the current 
state of dairy process 
monitoring with regards to 
energy in the UK as a 
paper at the eceee 
conference. Identification 
that manufacturers can to 
more to promote energy 
monitoring on plant. 
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Chapter 3. The Role of 
the Operator / Human 
Factors 
3.1 Introduction to the 
chapter - Human factors, 
ethnography and 
engineering 
3.2Human Factors in 
Dairy Industry Control 
for Energy Reduction 

“Operators control plant to 
produce quality product, while 
minimising waste, downtime, 
water and chemicals but often not 
energy. Nevertheless, given access 
to the right information, they do 
have the skills and autonomy to 
reduce the energy consumption of 
the plant.” 

Literature search and discussion 
relating to importance of 
operators. 
A published paper using 
ethnography and identifying the 
important potential role of 
operators in controlling processes 
for energy efficiency (Challis, 
Tierney, Todd, & Wilson, 2017). 

If operators are given the 
task of reducing energy 
consumption, and 
provided with data on the 
energy use of the process, 
they have the skills and 
autonomy to achieve that 
task. Ethnography used in 
the field of industrial 
process control is new.  

Chapter 4. What 
problems are going 
unseen and what savings 
can be made? 
4.1 Recap and 
Introduction 
4.2 What happens when 
no one is looking? 
4.3 How to know if it’s 
worth acting on? 
4.4 What data do 
operators need? 
4.5 Can the human eye 
spot everything? 
4.6 Conclusions from 
chapter 4 

“The real time data can reveal 
hidden issues such as deterioration 
(or not) due to fouling - informing 
the need to clean. Other problems 
occur such as the plant operating 
too long in standby or circulation 
modes that affect the plant 
efficiency or an incorrect or 
inefficient temperature setting. 
Some problems require a fix 
(capital or otherwise) such as 
insufficient recovered water. Some 
issues can be uncovered through 
scanning the data “by-eye”; for 
some issues computer analysis is 
more appropriate using techniques 
such as machine learning” 

Data gathering and “by-eye” 
review of data from 3 production 
sites. Commentary on feedback 
and discussion with sites also 
included. 
Analysis of some of the issues 
spotted 

Machine learning applied to 
identification of issues 

A quantified set of issues 
that cause energy 
inefficiency in 
pasteurisation processes. 
£150k+ of savings 
identified to sites as a 
result of the analysis.  A 
method to use data 
analysis to identify 
deterioration in energy 
performance 
automatically, useful 
against a background of 
changing product types. 

Chapter 5. What 
method(s) can be used 
to understand and 
reduce energy use in the 
process? 
5.1 How do operators 
use that information? 
5.2 Management and 
operators 
5.3 The Operator and 
Industry 4.0 
5.4 Site survey method 
to improve control for 
energy efficiency 
5.5 How well does the 
basic visualisation 
method work? 
5.6 Machine learning 
software 
5.7 comparison of the 
two methods 

“To create an effective solution in 
the real world requires integration 
with existing practices. There are 
several options for providing 
information to operators: 
provision of the data as a simple 
trend or use of machine learning 
and analysis to spot issues and 
alert the operator. The key is 
spotting the issues either by 
human eye or computer and there 
are considerations with either 
route. How does each operator 
interpret the data, and how can 
the process be automated? It is 
the operator that must take the 
action; therefore the automation 
option must be understood in the 
context of how operators respond 
to alarms amid all other “inputs ”.” 

Created information flow diagrams 
to describe the role of the 
operator. 
Considered of change 
management issues and relating 
back to issues from chapter 2. 
Outlining of a method that could 
be used to improve identification 
of issues affecting energy 
consumption 

Testing of elements of the method 
with operators. 
The work in previous chapters is 
used as requirements elicitation 
for the basis of software. 

A method to use with dairy 
processing sites to provide 
energy data visualisation 
and training so that 
operators can better 
control for energy 
efficiency. The method is 
tested with operators. The 
work has resulted in a 
requirements elicitation 
for software. A software 
option is proposed that 
can use existing data to 
provide insights into the 
energy efficiency of the 
process and give operators 
pointers and useful 
information relating to 
their control task. 

Chapter 6&7. Discussion 
and Conclusions 

“When operators are shown data 
from inefficient plant, a common 
first response is to focus on 
product quality. When prompted 
to look regarding energy, they spot 
hidden problems. Process energy 
control is seen as the domain of 
engineers and energy managers, 

Discussion of work undertaken 
during the EngD 
Consideration of conclusions that 
can be drawn. 
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parallel issues of water and 
chemical reduction are effectively 
dealt with by operators.” 
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2. Systems and problem exploration 

The technical equipment used in dairy processing amounts to a complicated system. It is the 
human interface and competing control aims that make it complex. Systems thinking can be useful 
in helping to approach the problem9. 
 
This chapter concerns the starting exploration of the problem from a systems thinking perspective. 

By this we mean we want to consider the wider issues surrounding the problem and how they 

might affect the problem, scope of work or potential solutions. We consider systems thinking 

methods before further exploration of the research question and the assumptions that lie behind 

it.  

The chapter includes exploration using systems methods, a review of previous energy surveys in 

order to identify black boxes and a paper that includes phone interviews with 8 major dairy 

processing sites exploring issues of process monitoring, reporting and energy. 

2.1 Systems - introduction  

The starting point of this thesis is an issue raised from practitioner experience working on food 

and drink sites where parts of the process, known to be high energy consumers, are not metered 

or monitored in any way that can allow the energy consumption of the process to be known. It is 

important to start with exploration of this initial problem statement. Why is not being metered or 

monitored actually a problem? Who is this a problem for? Who wants it solved? Are we making 

any misleading assumptions at this point? Have we really identified the true problem? And how 

best should we approach solving it? Systems theory and practice is useful in approaching these 

questions. 

 
 

 
9 Table 1-3 
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Shared mental models are emphasised by Senge (Senge, 2006) as the best way of approaching 

problem solving in complex situations. The models are recognised as not representing real life 

with full accuracy but as a way of achieving understanding between stakeholders and reducing 

cognitive overload. Warfield (Warfield, 2006) focuses on using structure and logic to move from 

understanding of a problem situation to action.  

Stakeholders have different world views. Checkland’s (Peter Checkland, 1990) soft systems 

methodology is based around the process of compiling the world views of different stakeholders 

to the problem. These worldviews can be summarised in a rich picture and then an exercise such 

as CATWOE can be used to develop a root definition. A root definition is a description of the 

essence of the system or solution that we are trying to model and create. 

Soft Systems Methodology is not particularly prescriptive; methods should be adapted to suit the 

problem situation (Peter Checkland, 1990) (pg. 31). A rich picture is a tool that can be adapted to 

make sense of most problem situations  (Peter Checkland, 1990) (pg. 45). A rich picture is simply a 

drawing that represents the problem and the elements that those creating the picture feel are 

worth highlighting. There are no formal guidelines. It should reveal something about the system in 

question; the subsystems, the actors perhaps, the connections and flows between elements. The 

rich picture gives the viewer a quicker appraisal of the problem than text can, but it also acts to 

draw out the perspective and worldview of the particular stakeholder that creates the rich picture. 

As such, the rich picture in Figure 2-1 (drawn by the author) would likely be distinct from that of 

someone within a client organisation by the inclusion of bodies such as “government” and 

“academia”, and with the fairly bold and prominent CO2 labels. There may well be technical details 

relating to the inner workings of the business that would be included, that we have no 

comprehension of.  

Various versions have been produced during the progress of the study process; the core of the 

diagram is largely unchanged. Some elements have been added in such as the suppliers and 

equipment manufacturers given the influence they have on whether units have sufficient 

monitoring points. Elements such as government were identified at the start, but have had little 
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part to play in how the project has evolved; that is not to say that their identification is not 

relevant. When initially thinking about the problem the focus was on the technical issues and 

equipment, and indeed the diagram centre is dominated by the process flow and the connection 

with boiler and chiller plant. However it was the addition of the operator in the picture that 

started an important angle of investigation. It is worth noting that this diagram does not 

emphasise the importance of the operator in how the parts of the central process work; indeed 

there should be arrows or multiple operators popping up in almost all the elements. This lack of 

emphasis made an important point about worldview once the inconsistency was spotted. As 

Checkland points out  (Peter Checkland, 1990) (pg. 45), the rich picture has highlighted something 

important about preoccupations and preconceived ideas as much as it tells about the real world 

situation. 

Another systems tool that is useful in early analysis of a problem situation is CATWOE analysis 

(Peter Checkland, 1990). It is a way of providing some useful structure to thoughts about the 

various elements of a problem and includes the following prompts: 

· Clients - who is going to be on the receiving end of the transformation? 

· Actors - who would undertake the transformation? 

· Transformation - what is the process converting input to output? 

· Weltanschauung (Worldview) - what is the worldview that is being assumed or has 

relevance to this transformation? 

· Owner - who could stop the transformation? 

· Environmental Constraints - What elements outside the system which are taken as given 

and may have an impact on the transformation? 

 

It reminds us of the multiple perspectives that are possible in viewing any problem and asks us to 

think beyond our own initial understanding. The following section contains a short description of 

the relevant response to CATWOE for the study problem presented in 1.1 from the perspective of 

the author. 
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Figure 2-1 Rich picture of the perceived problem situation from the point of view of the author  

 

Clients 

“who is going to be on the receiving end of the transformation?” 

The EngD focuses on the Dairy Processing Industry; primarily due to the wealth of client access 

available in this sector and that there is an identified issue with “black box” processes as discussed 

above. The selection of which black box processes to focus on is discussed in section 2.2. Issues 

and solutions are likely to be transferable to other black box processes and then more widely to 

the Food and Drink industry and process industries in general.  

A transformation would be applied at an individual site from a client company as sites tend to 

have a great degree of autonomy particularly the large scale sites. 

 

Actors 

“Who would undertake the transformation/ “do T”?” 

The aim is to understand both what consultants can do to help the clients with the problem of 

process energy reduction but also what the clients can do for themselves. In this respect the 

actors are from both Verco and the client. 

Within the client organisation, the main actors would be on site; the site Process Manager or 

Engineering Manager. The transformation is anticipated to primarily affect the operators and team 

leader who are the people controlling the process. They would be involved in setting any system 

up. 

 

Transformation 

“What is the process converting input to output?” 

The intention is to make it easier for the process for be controlled for energy efficiency, especially 

the black boxes.  A number of related transformations are shown in Table 2-1, as based on 

Checkland’s (Peter Checkland, 1990) CATWOE process.  
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Table 2-1 Potential transformations within the project in terms of input and output for each transformation 

 

Input Output 

data, visualisation tools, context  understanding of energy consumption of the 
process and potential ability to act 

“black box” processes (re energy) processes that are understandable (re 
energy) 

operators unable to control for energy 
reduction 

operators able to control for energy 
reduction 

clients running high energy consuming plant 
without knowing where savings could be made 

clients running high energy consuming plant 
with knowledge of where savings could be 
made 

Verco having to undertake a detailed heat 
mapping exercise to tackle black boxes 

Verco having a more streamlined way of 
helping clients address black box processes 

site CO2e emissions and energy costs as is site CO2e emissions and energy costs 
reduced 

 

Weltanschauung 

“What is the worldview that is being assumed or has relevance to this transformation?” 

A particular issue in terms of assumed worldview is that carbon reduction matters. Verco put 

carbon reduction at the centre of what we do; creating a particular worldview. However for clients 

it is not always the same. Energy reduction may matter in terms of carbon reduction targets; more 
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typically it matters in terms of cost reduction10. The cost reduction will only matter in terms of 

how it fits in the scale of other business costs. 

The worldview for the basis of this project and transformation is also that the energy consumption 

of the process can be reduced. 

A key problem is highlighted in the consideration of this worldview in that the real problem may 

be increasing the importance of CO2e and energy saving versus all the other priorities such as 

product quality, throughput, total production cost. For the client, emphasising CO2e and energy 

saving must come without compromising these other priorities.  

Quote from Dairy UK white paper 2017(“The white paper,” 2017): 

“Maintaining consumer confidence and trust in the healthiness and wholesomeness of dairy 

products is at the heart of all industry activity.” 

 

Owners 

“Who could stop the transformation?” 

In getting access to client sites for research we go first via the Head of Energy and Environment (or 

equivalent) at group headquarter level. This is a senior person within a large multi-site (sometimes 

multinational) company. The agreement of this person is crucial to getting access to the individual 

sites and giving our work credence. After the introduction however, most communication is with 

the Site Process Manager or Engineering Manager; someone who has a senior role on site with 

responsibility for process effectiveness. For the detail of our research the operators have been of 

primary importance as the people having most detailed day to day knowledge of how the process 

runs. The operator has little opportunity to stop the transformation unlike the other two roles. 

 
 

 
10 https://www.makeuk.org/news-and-events/News/2019/06/07/Make-UK-Sustainability-report-71-percent-of-
companies-surveyed-reported-that-the-last-environmental 

https://www.makeuk.org/news-and-events/News/2019/06/07/Make-UK-Sustainability-report-71-percent-of-companies-surveyed-reported-that-the-last-environmental
https://www.makeuk.org/news-and-events/News/2019/06/07/Make-UK-Sustainability-report-71-percent-of-companies-surveyed-reported-that-the-last-environmental
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Nevertheless, without putting the operator at the centre of the transformation the transformation 

is likely to be less successful. 

 

Environmental Constraints 

“What elements outside the system which are taken as given and may have an impact on the 

transformation?” 

At any site we are limited by the current data available and this shapes the form of the 

transformation. Adding in additional monitoring is possible but brings constraints of cost, inertia, 

accuracy of more temporary solutions. 

The current visualisation software and SCADA software set-up is also a constraint. Transformations 

that use existing data, software and infrastructure are likely to be more successful than those that 

require purchase of equipment and intrusions into the continuing operation of the process. 

A solution “packaged transformation” may be something that has commercial value to 

consultants. In this case a constraint is the client having the funds and the will to fund services in 

the form of a project or ongoing support. 

The control of the process is undertaken with various priorities in mind: product quality, 

throughput, chemical and water reduction. These priorities act as constraints in some situations. 

For the priority of product quality there is legislation and guidance surrounding how the process 

should run: required pasteurisation temperatures and times, and required cleaning intervals for 

example. 

 

From the CATWOE exercise it is possible to create a root definition of the project. A root definition 

has the following form: 

A system to do X, by Y, in order to achieve Z. 

Suggested root definition: 
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A Verco owned system to work with clients in the food and drink industry to make black box 

processes understandable and controllable with regards to energy and provide clients who are 

running high energy consuming plant with knowledge of where savings could be made in order 

that site CO2 emissions and energy costs are reduced. 

This root definition should take the elements of CATWOE, in particular, the transformation 

elements to describe what the solution needs to do. 

Sillitto (Sillitto, 2014) states that an early step in understanding a problem is to understand the 

boundaries (pg. 100), both the “responsibility boundary” encompassing everything that one has 

responsibility for and the “analysis boundary” which includes the elements that need to be 

understood in addition in order to understand how the system interacts with its environment. An 

analysis boundary can be universe wide, though that will of course cause a problem with timely 

analysis.  

The first step in Sillitto’s Architecting Systems six step process is to consider the Enterprise 

Perspective: the purpose, context and measures of effectiveness. Within this ‘step’ we consider 

the technical process required followed by the social process. The purpose of the technical process 

can be gleaned from the root definition above.  

A context diagram is suggested in order to understand how the system fits in its immediate 

environment, what other systems it interacts and collaborates with and what resources it 

requires. The systems context diagram (Figure 2-2) shows the existing systems that need to be 

considered in any analysis of the new system that is intended. Interfaces with these existing 

systems should be considered in development of the problem solution. 

The organisational context diagram (Figure 2-2) is a useful method for identifying and considering 

the stakeholders to the problem. 

 



44 
 

 

 

Figure 2-2 System and organisational context (example of a multi-site client) relating to study problem 
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Taking the stakeholders from the organisational context chart; stakeholder analysis is useful. 

Sillitto provides a useful set of questions; there are also many resources available online for 

stakeholder analysis and engagement11. 

• Who are the stakeholders who are critical to success? Verco management team and 

software team. Client energy manager/site contact and sustainability lead. 

• Do the stakeholders have money for the new system? Money available will be directly 

related to its ability to identify savings. The Verco Management Team and the Site 

Manager are the two critical sides in this aspect. They approve money for development 

and then approve money to pay for the service/product respectively. 

• Is the active approval of the stakeholders essential? Yes. It is worth noting that the site 

manager would be representative of many potential different clients, not just one make-

or-break client. 

• What do the stakeholders care about and value? Verco has a mission statement that puts 

climate change at the centre. The Verco Management Team care about developing services 

and products which make money for the business and work within the existing and 

planned business model. In that respect, that Verco are “experts in energy management 

and sustainability” and that they are able to “apply cutting-edge processes and technology 

to deliver year-on-year utility cost savings for clients” is valued. With regards to the Site 

Manager: they care about costs, reduction of costs, but primarily producing the required 

volumes of a product to the required quality at the lowest cost. 

• Are stakeholders interested in the problem and solution or not? The Verco Management 

team certainly is; having identified this as an area of importance and invested in an EngD. 

The client and site manager is typically far less aware of the issue or problem. Their interest 

 
 

 
11 AMPI PMBoK etc. RICS Stakeholder Engagement Professional Guidance note 

https://www.apm.org.uk/sites/default/files/rics%20stakeholder%20engagement-final-proof-pw%20protected_0.pdf
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in the solution rests in how much money can be saved and at how little disruption to the 

rest of the process. 

• How well do stakeholders understand the issues with the current situation and the purpose 

of the respondent system? The Verco Management Team comprises at least one director 

with excellent understanding of the issues and purpose (having set the EngD problem); the 

other members are open to listening to his viewpoint. The Site Manager for any site is not 

typically well placed to understand the relevant issues and purpose being somewhat 

removed from the particular processes of interest. The operational staff and team leader 

should understand the issues well along with certain project engineers who have been 

involved with those areas of the process. The energy manager should understand the 

purpose well even if they don't understand the particular issues with the current situation. 

• Which aspects of the system will interest and concern stakeholders? For the Verco 

Management Team the important aspects will be effectiveness, ease of implementation 

and replicability as these are the aspects influencing the value to clients and then the cost 

of implementation. For the site manager, they will be interested in effectiveness but also in 

minimising disruption to other systems and day to day operations. The operational staff 

will be interested in whether their jobs are made easier or more complex, whether they 

are recognised for improving the running of the process and therefore doing their job well. 

• What views of the system will stakeholders need, or want to engage with? For the Verco 

Management Team they will need to understand the specification of the product or 

service, the costs, the timeline, which staff and resources will be required and whether the 

clients will value it and be willing and able to use it. The site manager will be primarily 

interested in cost, time, payback and disruption.  

Table 2-2 Potential measures of effectiveness for the project outcome 

Attribute Magnitude 

Energy consumption calculated X% better than current system 

Potential £/energy savings highlighted X% more accurate than current 

Potential £/energy savings highlighted X% more detailed than current 

Potential £/energy savings highlighted X% more quicker than current 
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Verco man hours input reduced X% less than current 

Savings £/energy implemented X% more than current 

At this stage it is also useful to consider measures of effectiveness (Sillitto, 2014). How will the 

success of the outcome be judged. Some suggestions are given in the table below. 

2.2 Systems - the research question 

Following on from the statement of the problem in section 1.1 and the use of some systems tools 

for initial exploration in 2.1 we can suggest some specific questions to be explored.  

The root definition arrived at in section 2.1 was: 

A Verco owned system to work with clients in the food and drink industry to make black box 

processes understandable and controllable with regards to energy and provide clients who are 

running high energy consuming plant with knowledge of where savings could be made in order 

that site CO2 emissions and energy costs are reduced. 

 

The suggested research questions are shown in Figure 2-3. They tend towards the 

phenomenological. The grand tour question being phenomenological, with sub question 1 and 4 

being more positivistic (Jill Collis, 2009).  

As shown in the diagram, the first two sub questions are addressed in the remainder of this 

chapter. Sub Questions 3, 4 and 5 are addressed in chapters 3, 4 and 5 respectively. 
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Figure 2-3 The research question and structure 

2.3 Which are the “black box” processes? 

Within the terms of this EngD project; a black box is a significant energy consuming process such 

as pasteurisation where the majority of inputs and outputs are known, but energy consumption is 

not monitored. 

At the beginning of the EngD process we undertook a review of Verco Energy Audit reports in 

order to identify the types of process equipment that most readily came up with 

recommendations to study further. This section will summarise that review. 

Verco undertake a variety of types of work with Food and Drink clients in relation to sustainability, 

energy management and carbon reduction. Any element of work is typically part of an ongoing 

relationship; for each specific project a report is usually produced in document, presentation or 

spreadsheet format. The purpose of this section is to review those reports where 
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recommendations were provided to Food & Drink clients regarding opportunities for improving 

energy consumption particularly related to process improvements. The aim is to understand which 

process units come up most frequently as requiring improvement or optimisation. The work also 

looks at whether these process units could be classified as “black boxes” and to understand the 

potential carbon and energy impact that improving understanding of these process units could 

have. The intention with this work is to identify the “black box” process units in a comprehensive 

way and to provide justification for the process units that the EngD will focus on. 

2.3.1 Introduction to Verco reports study 

Many of Verco’s clients also utilise Verco’s energy management software Carbon Desktop™ which 

incorporates a facility for recording and tracking energy and carbon opportunities. Reports were 

downloaded, containing opportunity details. These sources provided a data set of 1,936 

opportunities from five different food and drink companies and over 40 sites. 

The data was in a common pro-forma and consisted of lists of energy related opportunities that 

the sites were working on. The opportunities listed would have been initially identified by various 

means including consultant energy survey, heat mapping surveys and investigations by the on-site 

team. To be included in the Carbon Desktop report, the site would have decided that the 

opportunity was worthy of further investigation or implementation and included the detail along 

with any costing and savings information they had available. 

The data from the report included the following headings: 

· Company 

· Site 

· Opportunity name 

· Cost Saving 

· Carbon Saving 

· Implementation Cost 

· Further information: description, person responsible, payback 
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· Status of either: Achieved, Archived, Feasible, In Progress, Study Begun, Study Required 

and also Not Feasible 

 

As part of the exercise, the data was then further categorised by the author according to the type 

of opportunity: 

· Awareness 

· Boilers (anything to do with heat and steam generation) 

· Compressed Air 

· Cooling (all chilling and refrigeration on site) 

· CIP (Clean in Place) 

· Control (related to changing control settings typically in SCADA) 

· Effluent (includes anaerobic digestion projects) 

· Process optimisation (apart from CIP and Pasteurisation) 

· New Kit (purchasing and installing capital equipment or upgrading equipment) 

· Heat Recovery (using waste heat or cooling capacity elsewhere on site) 

· Insulation 

· Lighting 

· M&T (Monitoring and Targeting, metering and analysing data) 

· Maintenance (including repair) 

· Pasteurisation (already identified as a black box) 

· Other 

· Temperature Control (adjusting process temperatures) 

· Recycling 

· VSDs (Installation of Variable Speed Drives) 

· Water Reduction 
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And then categorised by whether it was a black box. The criteria shown in Table 2-3 below were 

used to make the decision. There was also a “maybe” category requiring further investigation into 

the detail of the opportunity. 

Table 2-3 Features of Black Box 

What makes it a “black box”? What doesn’t qualify as a “black 

box”? 

Excessive complexity of system. Interacting elements that 

make comprehension of workings difficult 

A reduction in energy use of one part may result in increases 

elsewhere in the system 

Lack of monitoring or visibility on energy use 

Energy consumption is significant (visible %) 

Requires interpretation of data to understand 

Process related 

One off projects such as installing 

new equipment 

Well-trodden ground e.g. boiler 

optimisation 

Simple equipment with minimal 

interacting elements 

Non-core process e.g. lighting 

 

Figure 2-4 shows the distribution of opportunity categories. The top categories by number being: 

· Water reduction (216) 

· Other (216) 

· Boilers (206) 

· Cooling (171) 

· Compressed air (147) 

· Lighting (131) 

· CIP (100) 
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Figure 2-4 opportunity categories found in Verco reports by number of instances 

If the opportunities are charted based on cumulative cost saving (i.e. total across all reports); 

boiler related projects contribute the largest total cost savings followed by water reduction and 

“other”(Figure 2-5).  

When compared on the basis of carbon savings (Figure 2-6) then “New Kit” comes out top. This is 

due to some renewable energy projects making the list with less desirable payback times. 

If we look at which opportunities were those meeting the definition of “black box, as shown in 

Figure 2-7 and Figure 2-8, the charts show pasteurisation and CIP as significant. Pasteurisation 

makes up 5% of all the cost saving opportunities listed and CIP accounts for 3%. The following 

section will look at these categorisations in more detail.  
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Figure 2-5 opportunity categories found in Verco reports by total cost saving 

 

Figure 2-6 opportunity categories found in Verco reports by total carbon savings 
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Figure 2-7 Number of opportunities in Verco reports representing a “black box” 

 

Figure 2-8 % of opportunities that represent a “black box” 
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2.3.2 Results of Verco reports study 

Black boxes 

The categorisation exercise was a subjective one using the criteria shown in Table 2-3. The charts 

above show that pasteurisation and CIP are primarily black box items i.e. extracting energy and 

carbon savings from these systems is not a straightforward exercise. The prompt for the research 

was experience of difficulty with these two process areas, so this conclusion does not come as a 

surprise. It is however interesting to understand further the other potential “black boxes”.  

For process optimisation, areas of plant that are worth further investigation are: 

· Sterilisers 

· Separator 

· Lenox unit 

· Homogenizer 

· Fillers 

· Bactofuge 

· Air pop  

 

Possible Black Boxes 

From the list, a number of opportunities were categorised as “maybe”. The data under review was 

primarily in spreadsheet form where much of the detail of the opportunity had been stripped 

away; therefore some opportunities were not clear as to the details. The list of opportunities is 

shown in Table 2-4. Further work can be done to check whether these opportunities contain any 

“black box” items. 

Table 2-4 possible “black box” processes 

Name  Opportunity Type 

Humidity control on conveyor air chilling cooling 

Hot water system usage reduction boilers 
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Optimise raw milk intake cooling temperature temp control 

AIC Setpoint optimisation process optimisation 

Fillers cold water reduction water reduction 

Refrigeration - Sabroe Sequencing cooling 

Extra Thick Cooling Pod Temperature Reduction temp control 

Air Booster to HCT / Reclaim Tanks other 

NamPak Conveyor Air Efficiency compressed air 

Dairy Production - Conveyor water sprays water reduction 

Utilities - Air compressor running regime compressed air 

Cream FDP issue  process optimisation 

Multivac Water Recovery System water reduction 

FMT Line optimisation process optimisation 

Production - Filler optimisation process optimisation 

Process - Cream plant optimisation process optimisation 

Process - FMS line optimisation process optimisation 

Process - Milk and Cream filler optimisation process optimisation 

Process - Milk Plant  optimisation process optimisation 

Process - Almix mixing process process optimisation 

Review Valve Seat Flip timings FMT, FMT Lines, EMTF process optimisation 

Filling Line Efficiency Project process optimisation 

Milk on Milk RMT/FMT process optimisation 

Process Adjust Offset process optimisation 

Bottle Inverters Compressed Air Usage compressed air 

Removal of Sterilant Cycle CIP 

Process temperature optimisation temp control 

Humidity control on conveyor air chilling control 

Digester aeration blower control control 
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Process Equipment & Control  control 

Packing- Bottle Washer M&T / Control of critical parameters M&T 

Investigate Clarifier Operation process optimisation 

D.A.F Plant control control 

AT3 study other 

DAF plant coagulant control effluent 

Sludge waste control effluent 

CIP Improvements silo-vessel sprayballs CIP 

Chemical Reduction in PAA Usage cip 

Cream Processing process optimisation 

Project WODA other 

Cooked bacon RDM control control 

Ammonia Plant - Spiral Temperature Optimisation cooling 

VL Optimisation of MAKAT oven cooling pump other 

VL Optimise heating fans in the MAKAT stoves other 

VL Investigate Makat SB30906 reduction other 

Not Black Boxes 

A number of optimisation projects were listed for boiler systems, compressed air and 

refrigeration. These are well trodden areas for energy efficiency specialists and so while there are 

black box elements to their optimisation, they present less potential for the EngD project. 

There were also a number of process optimisation opportunities that were categorised as not 

black boxes. Some examples are shown in Table 2-5. 
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Table 2-5 Items not qualifying as a “black box” 

Item Why not a black box? 

Turning off shrink wraps when 

possible 

Simple cause and effect 

Conveyors running through breaks Simple system control change 

Process – tank agitation Opportunity to agitate tanks for a reduced amount of 

time  

Reduce milk lost during air purges Solution looks at valve control and logic 

Trolley wash water use optimisation Solution uses benchmarking against previous water use 

 

These opportunities do involve optimisation and operational changes; the solutions are not 

difficult to divine once the need for the change has been spotted. They are therefore not a black 

box. 

2.3.3 Conclusions 

Pasteurisation and Clean in Place are black box processes in the sense that sites run these 

processes and are unable to reduce energy consumption due to complexity and lack of visibility on 

the mechanics of the energy use. The study has highlighted that these two process areas are 

significant in the number of opportunities raised by a variety of food & drink sites and also by the 

percentage of cost savings. There are much larger categories of cost savings, but the significance 

of the black box areas are that the solutions to reducing energy use in these areas are difficult to 

implement and thus worthy of EngD investigation.  

Other potential black box areas have been identified and these may be reviewed further.  

2.4 Does process control for energy efficiency happen? 

The content of section 2.4 was originally published as a conference paper for the eceee Industrial 

Efficiency event in Berlin 2018. The original paper was called “A review of pasteurisation process 

monitoring to support energy efficiency in the dairy industry”(Challis, Wilson, et al., 2017). 
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Our consulting experience is that, for the UK dairy processing industry, the answer to the question 

posed as heading to this section is “no”. We work with large food and drink companies with 

impressive plans to reduce energy consumption, sub-metering of departments, energy related 

KPIs, investment in energy projects, discussion of energy at board level and so on. But on the shop 

floor the operators may never have had energy consumption discussed with them, and large 

energy consuming process units may not be metered or monitored in a way that allows the 

operators to understand and control the energy use. This section investigates the state of 

metering and monitoring at eight large UK dairy processing sites. Chapter 3 and the human factors 

paper provides further evidence to back up our experience.  

2.4.1 Introduction to section 2.4 

In the ongoing aim to reduce UK energy consumption, it is important to address the question of 

industrial process control for energy efficiency. This section concerns pasteurisation process 

energy monitoring; highlighting that currently it is not common practice in the dairy industry. The 

potential benefits of monitoring are outlined. The section also includes discussion of the role of 

equipment manufacturers in energy reduction as seen from the perspective of their customers.  

Pasteurisation is a ubiquitous process within the food and drink industry: providing safety and 

quality assurances for customers and improving shelf life of products.  

Pasteurisation units are typically one of the major energy consumers on a dairy process site; this is 

due to steam and chilled water requirements. These utilities are generated onsite through boiler 

and chiller plant and used in many parts of the process and site. Nevertheless, our experience is 

that for a specific pasteurisation unit the energy consumption is not visible or understood on the 

site (Challis et al, 2017). This can be both in terms of understanding of the installed energy 

specification and/or the ongoing efficiency and performance. Pasteurisation units are not sub 

metered (using heat metering), and often the key temperatures (regeneration section 

temperatures) that would be required to calculate heat transfer (and hence energy input) are 

missing. Even when such temperatures are available,  their purpose is restricted to ensuring 

aseptic conditions and no energy analysis occurs  (Challis et al, 2017). 
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The starting hypothesis for the work is that:  

• Processes are not optimised or controlled for energy efficiency. 

• Monitoring and targeting that takes place, along with reporting, is found at a focused and 

middle to senior management level. Sub processes are not monitored and where a site 

may have enthusiastic regular reporting, it is at a site or department level. It is also 

common to focus on just electricity use and not heat.  

• We also feel that support from the equipment manufacturers with relation to energy 

specification and energy features could be improved 

Our experience is typically anecdotal; the aim of this section is to test the validity or otherwise of 

the above listed arguments. It is also hoped to give a basis for dialogue with key parties. 

 

2.4.5 Literature Review for section 2.4 

This section begins from consulting experience on many industrial sites, but how does the 

experience and anecdotal evidence that we have gathered match up to academic studies?  The 

literature review is structured to investigate the (bullet point) assumptions listed in section 2.4.1. 

Where appropriate, information from outside the dairy industry is considered. 

 

Processes are not controlled for energy efficiency 

The energy consumption of pasteurisation can be significant due to heating and chilling 

requirements (CIPEC, 2001)(Modi & Prajapat, 2014)(Ramirez, Patel, & Blok, 2006)(Xu & Flapper, 

2009). Nevertheless, energy costs may not be significant compared to other site costs (product 

and product wastage, labour, chemical). According to a publication from the European 

Commission on Agriculture and Rural Development: energy costs make up 10 to 20% of overall 

costs in dairy processing(States, 2011).  
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Blok’s (Blok et al., 2015) wider consideration of waste, resource use and environment highlights 

the inherent unsustainability of current production processes. It is certainly the case that energy is 

only a control issue when there is a financial imperative. 

Typically a dairy process will be controlled via a SCADA system (Supervisory Control and Data 

Acquisition) and that SCADA system will be able to control via whatever parameter is set (Froisy, 

2006) including energy. Control for multiple parameters is more problematic and where energy 

data is not available via the SCADA system it cannot be used in a feedback control loop (Parasar 

Kodati, 2011). For pasteurisation the key parameter is achieving the pasteurisation temperature. 

The process is controlled closely to ensure almost no deviation from the set-point. It is not typical 

to control for a second parameter. The available solutions for process energy efficiency that do 

exist have not been widely taken up by the industry (Bunse, Vodicka, Schönsleben, Brülhart, & 

Ernst, 2011) 

SCADA is designed for real-time control of a process. Herrmann et al undertook a review of 

commercially available software for process simulation(C. Herrmann, Thiede, Kara, & Hesselbach, 

2011) and show that they do not readily support modelling of energy use in the process. Many 

tools for production planning do not include energy as a control parameter (Bunse et al., 2011). 

Even in a non-dynamic way there are not the tools available to support the control of processes 

for energy efficiency.  

As highlighted by (Challis, Tierney, et al., 2017), operators are capable of adding energy into the 

list of criteria they consider when controlling a process. Without the data on energy use available 

to them; this task is made very difficult. Also while individuals may well be motivated with regards 

to the importance of energy saving; they will not include energy in their thought processes if it is 

not an issue as communicated by management.  

Energy management often has low status as an activity within a company (Rohdin, Thollander, & 

Solding, 2007).  Energy management activities often focus on more peripheral areas such as 

lighting and utility supply (hot and chilled water). The priority for the process is the need to 

maintain output level and quality and energy aims can sometimes be perceived to conflict with 
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this (Bunse et al., 2011) (Hasanbeigi, Menke, & du Pont, 2010) (Palm & Thollander, 2010) 

(Thollander & Ottosson, 2008) (Rohdin et al., 2007) (Sandberg & Söderström, 2003)(Wesseling, 

Worrell, Nilsson, & Coenen, 2016.). The main focus for any production site is the stability and 

integrity of the process (Epstein & Neiman, 2014.). 

Facilities and utility supply are seen as lower risk (Epstein & Neiman, 2014). Investment in efficient 

supply of utilities makes inherent sense. Improving efficiency at the source has a knock on effect 

across the site. Nevertheless, when that is achieved; it is then important to look at the demand 

side issues. 

There are many energy efficiency initiatives that apply to industrial companies such as dairy 

processers such as ESOS (Energy Savings Opportunity Scheme)12. The focus is often on shared and 

common technology, but while measures such as HVAC, lighting, air compressors and boiler 

controls have relevance; the majority of the energy use is from the production process: where 

deeper initiatives are required to motivate and engage companies (Epstein & Neiman, 2014)(Agha 

& Jenkins, 2014).  

 

Monitoring and targeting is focused at department level and managers 

Lack of sub metering provides the biggest barrier to monitoring and targeting at a sub-process 

level. Sub metering at department level may be considered forward thinking in terms of energy 

management and indeed does allow greater ability to pinpoint areas of issue and benchmark 

across different sites. In terms of being able to control a process such as pasteurisation in real time 

with a mind for reducing energy consumption; the department level reports are inadequate. It is 

not typical to collect energy data on individual production lines and they can thus be perceived as 

something of a black box with regard to energy (González-García et al., 2012)(Col, 2016). 

 
 

 
12 https://www.gov.uk/guidance/energy-savings-opportunity-scheme-esos 
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Much of the software available for energy management within a process setting is not anticipated 

to be used in real time and is geared towards a regular reporting cycle such as weekly, or to model 

the process and test out potential changes (Tomasula, Yee, McAloon, Nutter, & Bonnaillie, 

2013)(C. Herrmann et al., 2011)(Giacone & Mancò, 2012)(Brunner, Kulterer, & Glatzl, 2014).  The 

intended audience are managers; whose scrutiny of the reporting would unearth potential 

projects (possibly capital projects) and issues; to be communicated to operational staff along with 

suggested fixes.  

Support from the manufacturers with relation to energy specification could be improved. 

Energy reduction is not a prominent feature of supplier websites; key areas of focus are quoted as 

“food safety and total cost of ownership”. The Dairy Processing Handbook is a comprehensive 

guide produced by Tetra Pak (Tetra Pak, 2017); there is very little mention of energy and no 

mention in terms of energy reduction oportunities. This appears to be industry standard. 

2.4.6 Method for section 2.4 

With regards to pasteurisation unit monitoring and supplier documentation we held semi-

structured phone interviews with sites from various UK dairy processing companies. The questions 

are shown in appendix A. Some questions are quantitative in order that a more statistical 

understanding can be gained. Other questions were open ended in order to allow further 

discussion around some of the questions and allow individual examples and anecdotes to be 

given. 

Interview formats range widely depending on the required outcome. The concept of a semi-

structured interview is to allow sufficient open ended and non-leading questions to allow rich 

information on a topic to be explored (Granot, Brashear, & Cesar Motta, 2012). The style provides 

a compromise between a completely free conversation and a ridged set of closed questions 

(Leech, 2002) and recognises that one may not be able to anticipate all directions and outcomes 

that an interview can take. 
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Figure 2-9 plate heat exchanger based pasteurisation system 

The sustainability leads of each of the companies was contacted initially and once overall 

permission had been gained introductions were made to the appropriate person on site to answer 

the questions – typically the production manager. Calls were also undertaken with speciality 

Process Managers, Process Engineers, Team Leader, Chief Process Specialist, and Engineering 

Managers. The calls lasted approximately 30 minutes and were recorded on audio device with the 

interviewer also taking notes. Prior to the call, the interviewer collected as much contextual 

information as possible from colleagues who had worked at the sites such as SCADA screen shots 

of the pasteurisation units. 

The questions had three main aims: 
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• Contextual information including understanding how many pasteurisation units are on site, 

type, configuration and role in the process 

• Finding out what energy monitoring is undertaken and/or possible. Questions were asked 

about temperature monitoring, heat metering and reporting. 

• Gathering views on the support from equipment manufacturers relating to energy 

specification and efficiency  

Calls were undertaken with eight sites from a number of different dairy processing companies. At 

several of the sites, calls were held with more than one person in order to get answers to all 

questions.  

Across the 8 sites, we discussed 64 pasteurisation units, ranging from 2 units per site to 15 units 

per site. These sites are among the larger dairy processing sites in the UK. 

The majority of the pasteurisation units employed standard plate heat exchangers (such as 

outlined in Figure 2-9) processing milk, cream, or yoghurt. Seven of the units were UHT (Ultra Heat 

Treatment) units, typically using tubular heat exchanger construction and some plate heat 

exchangers. In many cases the milk or cream was pasteurised before making a further product 

such as cheese, spread or butter. The age of the units ranged from recent to 45-years-old. The unit 

manufacturers were Alfa Laval, Tetra Pak, SPX, and GEA. 

 

2.4.1 Results from phone interviews 

Process control and energy efficiency 

Only one out of ten respondents confidently felt that they understood the energy consumption of 

their pasteurisation units. This one site was designed with a distinct ethos to be a zero-carbon site 

and had a markedly different approach to monitoring. All production lines were individually 

metered including hot and cold water and reports were available on the detailed energy 

consumption of each production run. Sites have been anonymised to protect client confidentiality. 
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As the responses from this site were distinctive, it will be referred to in this study as site X where 

relevant. 

In response to the question: “Do you feel that you understand the energy consumption of the 

pasteurisation units and whether they are running efficiently or not?” the remaining sites 

responded either negatively or with a degree of uncertainty. Examples of the negative comments 

(quoted verbatim) follow. 

 “Not to an acceptable level: the Steritherms13 are big users of energy and we try to run them as efficiently 

as possible. We make sure they are running product all the time. But we have limited understanding of the 

complexities of the energy use”14. 

 “No, in the dairy there is no temperature monitoring on them”. 

   

Examples of uncertain responses follow. 

“We have reasonable knowledge about energy consumption of the units but currently we do not 

calculate efficiency of the Pasteurisers.”  

“Not whether they run efficiently or not. In terms of electricity, that’s recorded on the system; we 

can see how much electricity is being used. But can’t see how much steam is used. The 

temperature monitoring is more from a product safety view.”  

As shown in Figure 2-10, only one site had regular monitoring and review of pasteurisation use. 

Five sites undertook no monitoring. The one site with heat metering and continuous monitoring is 

also one of the largest sites in the study (site X); its results are very different to the data from the 

remaining seven sites. The charts in Figure 2-11 show what number of the remaining units on sites 

 
 

 
13 Trademarked process equipment designed for aseptic heat treatment of food products. It uses an annular heat 
exchanger configuration, suitable for highly viscous food products. 

14 Direct quotes from interviewees are shown in italics. 
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(excluding site X) have some additional temperature monitoring and what number are able to use 

that data to calculate heat transfer (though none do as routine). 

 

Figure 2-10 pasteurisation energy use, state of monitoring and review 

At one site the Team Leader did point out that they use other broad indicators to tell if the unit is 

running efficiently: 

“Couldn’t tell you what energy we use, but I would know if they’re not running efficiently in that 

there’d be indicators…steam valves open and ramping up, flow falling off, things like that.” 

This method would give an indication of a problem, but would not be useful in terms of 

quantification.  
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Only at one site was the heat input to the plant metered. No other site routinely calculated the 

heat transfer using available regeneration temperature data (two had done so on occasion) or had 

heat metering that could be used instead of the calculation method. 

 

Figure 2-9 shows a three section plate heat exchanger pasteurisation unit and explains the 

pasteurisation process. If the regeneration temperature is missing it is not possible to calculate the 

heat transfer across any of the sections. If more sections are added then more temperatures must 

be known in order to calculate the heat transfer. Adding heat metering is an option. But without 

heat metering the energy consumption of the hot and cold sections are not known nor is the 

efficiency of the overall system. It is entirely possible in the event of low regeneration efficiency 

(e.g. after excessive fouling) the hot water and chilled water circuits would overcompensate to 

maintain the pasteurisation temperature at its set point. The over compensation would be 

apparent only at the boiler or refrigeration plant. The root cause would be very difficult to identify.  

Figure 2-11 state of monitoring in all sites excluding site X 
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Figure 2-12 age of pasteurization units studied 

 

Figure 2-13 energy reporting on site 
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Figure 2-12 shows the ages of the pasteurisation units in the study. The solid bars are those for 

which it is possible to calculate energy consumption. For all the rest, they are missing regeneration 

temperature(s) such that the heat transfer cannot be calculated (as described in Figure 2-9). As 

shown in Figure 2-11, some units had regeneration temperatures and this is a larger figure, but as 

described above, with more than three sections, more temperatures are needed to resolve the 

calculations.  

Site X is relatively new and has been constructed to ensure that all process lines can be monitored. 

There are still some other relatively new plants in the study from other sites with no means of 

monitoring or calculating the energy consumption. 

Monitoring and targeting and energy reporting 

The sites were also asked about energy reporting. As shown in Figure 2-13 two sites only reported 

energy consumption at a site-wide level; i.e. the energy consumption figures were broken down 

no further than site totals. Four of the sites reported energy figures at department level – i.e. 

cheese department, or powder making. Two sites reported energy consumption at a sub-process 

level i.e. pasteurisation or packaging lines and were also able to review individual components of 

that line such as homogenisers or pumps. For one of these sites this was only on electricity 

consumption; their gas consumption/ heat use data was only available as a single site wide figure. 

For the other site (site X), the process level data included heat use. 

These energy reports were used by managers and senior managers. Two sites stated that the 

reports were discussed with process operators. Two other sites said that it was possibly something 

they would do in the future. 

For site X the reports were available on line immediately following a process run so for example 

the energy consumption of the previous pasteurisation run could be analysed to see if it was 

greater or less than the baseline or recent consumption. The data was also available as live reports 

on energy consumption and efficiency during the run and this data was available to operators. The 

site contact expressed his view that having this facility had already been beneficial (despite it 

being a new site) in terms of identifying opportunities for further improvements and identifying 
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problems. One issue that had been spotted and was in the process of being rectified provided an 

8% saving on energy use of the specific pasteurisation line. 

Manufacturer support of energy reduction 

The number of manufacturers of pasteurisation equipment is limited. The sites were asked 

whether they felt that the manufacturers supported monitoring of energy efficiency. The 

responses were mixed: 

Responding positively – “yes the manufacturers support energy efficiency”, two sites: 

“Energy efficiency monitoring can be supported if requested.” “Whenever I need any support, they 

definitely support me” 

Responding negatively – “no they do not support energy efficiency”, three sites:  

“It’s not a consideration of theirs. They are almost obstructive in the amount of information that 

they would like to give you, it’s very difficult to get information e.g. expected run times between 

cleans. Times have changed, but not sure how much. All the information is all about what it can do 

for you – volumes etc.”   

“No don’t think they do at all, they just want to get the plate pack in and sell the equipment.” 

One of these sites was in the process of commissioning new pasteurisation plant and revealed that 

energy had not come into the discussion, and that monitoring had not been suggested or included 

in the design. 

Other sites took into account age of the equipment – “they did not, but things have changed or 

may have changed”: three sites responded in this way. Their pasteurisation units were very old 

and they were clear that the units were designed and sold with little thought to energy, however 

they felt that if the manufacturers were asked to support energy reduction – they would.:   

“These are long life bits of kit; they have a very long life expectancy. When a lot were initially 

installed, things like efficiency and utility usage wasn’t a consideration. I think that in newer bits of 

kit that it will be eventually designed out.”  
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“Have to say that original manufacturer probably did not take energy usage as priority when 

designing this product, that can be confirmed when we take a look on age of the units.”  

“They (the pasteurisers) weren’t put in with any energy efficiency in mind. Lot of bolt on kit to it. 

There have been several upgrades to the kit over the years.”  

“There are two answers really. When the kit went in the straight answer is no. They are starting to 

come to the table. At the moment we are going through the process of upgrading our process kit 

and yes energy efficiency is being specified and talked about as the project scope is being 

determined and specified and all that’s being built into it”  

 

There was also a suggestion that because the sites themselves are not requesting energy 

reduction features, that they are not seeing the response from the manufacturers: 

“It’s coming from us; it won’t really be coming across as a selling point for a bit of kit.” 

“No not really, there’s no focus on it (energy reduction) from the supplier. It might be site driven, 

not really sure why it is, but energy doesn’t come up.” 

“Not sure what their (the supplier’s) focus is on, we (the site) talk about pasteurisation 

temperature and what we need for that.” 

“We tell them what we want and they provide it” 

“Driven from site rather than from the manufacturer. They would do something we asked for but it 

would be at a price. However, I’m assuming when they make the original design that they take it 

into account.” 

 

When asked about the documentation provided by the suppliers; it was generally rated as good. 

Most interviewees weren’t sure if much energy information was contained in the manuals, but 

that what was there had been useful in running the plants. 
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“Manuals are quite informative. I think there is probably energy information in there…the design 

specification.” 

“They have been very good; they break down all the plates all the ports and frames. It’s very 

detailed. The test certificates are all very good.” 

 

One site did feel that documentation was poor for some of the units they had in place, they were 

trying to get the unit to perform as designed but found very little useful information in the 

documentation.  

 “On the unit in the creamery…it’s very poor, there’s no documentation to show how it works, and 

a functional description. Standard documentation: how many plates etc. is there. I haven’t seen 

anything on the energy specification but it might be there.” 

 

Asked what manufacturers could or should do to improve energy consumption of units the 

following responses were given: 

“Health checks, say every year they came and had a look…check the efficiency and such” 

“I can understand how the manufacturers are unwilling to give hard and fast specifications as 

small changes can make a difference in performance. But they’re not even willing to give you a 

ballpark, on specifications, as they will fear being held to it” 

“They definitely need to improve things… they want to get commissioning over and done with. So 

they are not interested in trying to optimise the energy. They could set their standards higher and 

get the energy consumption lower.” 

“If it’s a choice between A and B and B is going to be 30% more efficient; they should be shouting 

about that as a selling point. Think it’s generally the same with a lot of process equipment – there’s 

no big detail on what the efficiency is. It will be there somewhere but it’s not really a selling point 

for that bit of kit over their competitors.” 
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“Whatever they can build into the product spec to improve efficiency is something over your 

competitors. It would be good to see what the efficiency options are; clearly put forward along 

with the potential savings. Let the customer make an informed choice.” 

 

2.4.2 Discussion for section 2.4 

Process control and energy efficiency 

In terms of process monitoring and control for energy efficiency; sites can be grouped into three 

main categories (Figure 2-10): 

Category 1: Those that undertake no monitoring or review of pasteurisation units (including plant 

with insufficient instrumentation) 

Category 2: Those that undertake periodic review of pasteurisation units  

Category 3: Those with regular monitoring and review of pasteurisation units (namely “site X”). 

 

For the sites in category 1; the pasteurisation units may be 10-20 years old, and may never have 

been reviewed in terms of energy since installation. The units are closely monitored and 

controlled to ensure that temperature of pasteurisation is met(Challis, Tierney, et al., 2017). 

During operation the pasteurisation temperature will be held steady to within ±0.1°C (at say 90°C). 

However to meet this required temperature the control system will be directing inputs from hot 

and chilled water and the variation in these inputs will be almost invisible on the SCADA system. 

Some sites show valve stem position (as a percentage of fully open), which could give an indication 

that the inputs are increasing to compensate, for example, for falling regeneration section 

efficiency.  

At one site that would fall into category 1, a review of two weeks’ worth of data was undertaken, 

with additional required temperature measurements from portable data loggers. All of these 
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trends were only made visible due to an investigation of the run data. The run data and analysis is 

further detailed in section 4.2.3. In summary, a number of issues were spotted: 

• Regeneration efficiency was low; at about 70% (regen efficiencies of 95% are possible 

(Tetra Pak, 2017)). The difference in running at 95% rather than 70% can result in an 

annual energy cost in the region of £80-90k depending on size of plant. 

• One system was designed (to meet product quality requirements) such that the product 

was overcooled by the regeneration section and then reheated using available low-grade-

heat recovered water. The recovered water system, however, did not have sufficient 

capacity; part way through a run a compensating steam system would be needed to bring 

the product to its set point. This was only apparent via a step change in one temperature 

that was not deemed essential for quality and therefore not regularly monitored by the 

operator.  The estimated annual cost to the site was in the order of £20-30K for the 

additional steam supply to one unit. Multiple units were served by the recovered water 

system. Anecdotal evidence suggested that there was potential to significantly increase the 

capacity of the recovered water system. 

• On a UHT the sterilisation phase (a cleaning phase not pasteurisation) and water 

recirculation occurred unnecessarily at the maximum achievable temperature of 123°C 

despite the unit only ever pasteurising at 95°C. In addition to causing additional energy 

use, there was a delay in being able to start a production run as the operator had to wait 

for the system to stabilise and the temperature to drop from 123°C to 95°C. The difference 

in running costs was of the order of £20 per hour. It was not necessary to sterilise at 123°C; 

this was not done on other units on site. 

• On another unit, the chilled water and cold water section was in operation during all water 

recirculation, product and flush (cleaning) recirculation. This turned out to be due to an 

inadequate control system. In order to stop the unit overheating in circulation – water (or 

product) was heated and then cooled as it circulated instead of the heat input being 

controlled to keep the temperature at the right level. The energy input from the chilled 
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water circuit was higher during recirculation than during normal operation. The potential 

annual savings were in the order of £10k. 

• On a combined system of two pasteurisation units running in tandem (post a separation 

unit), one running on cream could be seen to deteriorate in its heat transfer ability 

markedly over the course of a run. 

 

A similar review was undertaken at a site that would fall into category 2; this site had some 

pasteurisation units with regeneration temperature monitoring and some without. Regardless of 

the available monitoring the energy consumption information was not used. Nevertheless, in the 

past a heat mapping survey had taken place on site and some advice had been given to the site 

regarding general issues to avoid and control for. These included reducing time in water 

recirculation and reviewing the performance of the regeneration section which had a lower than 

optimal effectiveness. At the time of undertaking the review of pasteurisation data, it could be 

seen that this previous heat mapping work still had a positive effect in that the regeneration 

effectiveness was reasonable (ranging 85-90%)and there were few incidents of excessive water 

recirculation – indeed it was pointed out by the operators as something they looked for to avoid in 

their planning of the day(Challis, Tierney, et al., 2017). It was still possible to identify 

improvements; for instance a pasteurisation temperature was higher than necessary, and on 

occasion, chilled water was still running through a the cooling heat exchanger when not required 

(that is during water recirculation through the heat exchangers.) The run data and analysis for this 

site is also detailed in section 4.2.3. 

Only one of the sites interviewed would fall into category 3; that being site X which has been 

designed to be a zero-carbon eco-site. At this site, all process lines have energy monitoring that 

reports live data on energy performance available to operators and also produces reports 

comparing detailed energy data on each run in order than that deviancies can be investigated. The 

process engineer interviewed expressed how having this facility had already allowed additional 

savings to be made despite the plant only being 2-4 years old. Deterioration is spotted 
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immediately and investigation of further improvements is made much easier by the access to 

available data. This site did not provide data in the studies undertaken in section 4.2.3. 

The pasteurisation units in this study are of a variety of ages (Figure 2-12); one being as old as 

45yrs (with many of the parts replaced in the intervening years). As discussed previously, very few 

of the units had the ability to calculate or monitor energy consumption. While it is the case that 

the newer units were more likely to have energy monitoring; this was not universally true and 

some units of only a few years old had no way of identifying energy use. A site where 

pasteurisation units were in the process of being replaced admitted that no monitoring or 

regeneration temperatures were included in the design. It had not come up in discussion. As a 

consequence of the interview; the interviewee said he intended to look at including this in the 

design of the pipework. The oldest unit did have monitoring along with several of the other older 

units; suggesting that the presence of monitoring was not directly related to the age of the kit. It 

certainly appears that the ability to monitor energy consumption is not a feature that the 

manufacturers are including in the set-up, but equally the sites have not always requested it 

except in the occasion of the design of a new eco-site.  

If energy data is not available or cannot be calculated the job of spotting inefficiency and 

increasing energy consumption is made difficult though not impossible as demonstrated by 

process operators using valve position and flow as indicators. It would appear that the installation 

of additional temperature monitoring or heat metering would be a useful modification. The 

risk/reward consideration is most likely the bigger barrier. There is a risk to the process from 

installing additional monitoring; there is the possibility of introducing additional bacterial growth 

surfaces and also having to break into the process to undertake the work. The starting cost for a 

non-invasive temperature probe (± 2°C) would be €3-5k (with additional points costing 

approximately €500). To retrofit (a more accurate, ± 1°C) probe within the pipework the cost 

would start from (€10-15k). Alternatively, heat meters can be added to the hot and cold water 

supply with equivalent cost (€10-15k). On a site with 11 pasteurisation units, the cost of adding 22 

heat meters over a staged process would seem a barrier. The perceived reward from having access 

to this data may be low without many success stories circulated.  
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Where plant comes with this data monitoring as standard; it is usually simple to set up custom 

trends. Most sites have trending software already in place (Challis, Tierney, et al., 2017) that 

would allow helpful visualisation of the real time data. Even where data is available this 

visualisation does not take place, in part this is possibly due to energy being low on the agenda. 

 

Monitoring and targeting and energy reporting 

Energy reporting at sub-process level does not happen at the majority of sites; only 2 of the 8 sites 

had this facility (Figure 2-13) with only one including heat usage in that reporting. With reporting 

only at site or department level it is possible to spot that deterioration in plant efficiency is 

happening, but pinpointing the specific cause is much more difficult. A boiler plant may be serving 

11 different pasteurisation units. An increase in requested boiler output can identify a possible 

issue, but will not identify which sub-process unit may have a problem. 

 

Manufacturer support of energy reduction 

There appears to be very little dialogue on energy consumption of pasteurisation between 

suppliers and sites. The suppliers appear to be capable of considering energy consumption and 

certainly the inclusion of additional temperature monitoring to allow energy to be tracked is 

straightforward. Much of this is due to the age of units. Due to the design; plates can be replaced, 

maintenance kept up to date with and an old plant can be made to run to a good standard, but the 

basic setup may have been designed with the energy attitudes of 2 to 3 decades ago. In the case of 

the client wanting to design and build a zero carbon eco-site; the suppliers were ready to respond 

to the requested specification, but given the pool of suppliers is small the scope for innovation 

seems minor. 

The results section 2.4.1 provided some suggestions for improvement from the suppliers and 

manufactures, as stated by the interviewees. Legislation is inevitable along the lines of that 
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imposed on other industries: Energy labelling of white goods, tax based on vehicle emissions. The 

industry would be well advised to move first. 

Staff are generally happy with the documentation provided as far as it relates to maintenance and 

running of the plant. Documentation is not generally used or interrogated to find out energy 

specification. 

 

2.4.3 Conclusion for section 2.4 and chapter 2 

The black box processes are pasteurisation and Clean in Place. Lack of monitoring is a significant 

problem on UK dairy processing sites. Process control for energy efficiency does not happen at 

most UK dairy processing sites. Dairy processing sites can benefit from having energy data from 

pasteurisation visible and accessible to operators and engineers. 

We conclude that the current state of energy monitoring of pasteurisation plant in the UK is poor. 

The addition of temperature monitoring on the regeneration temperature or heat metering on the 

utilities (including hot and cold water) into the pasteurisation line would be an investment at most 

sites. Some sites have this data available already but are not using it. 

Dairy processing sites can benefit from having energy data from pasteurisation visible and 

accessible to operators and engineers. Those sites that have either reviewed pasteurisation energy 

performance periodically or continually have found a variety of energy and cost savings; many 

being operational fixes requiring little or no capital investment. 

Adding energy monitoring through retrofitting additional temperature probes can be seen as a 

risky option due to the risk of increasing bacterial growth surfaces and having to break into the 

process line. Regeneration temperatures are found on some pasteurisation units but not 

uniformly. Having sufficient temperature monitoring to calculate heat transfer or heat metering as 

standard on a pasteurisation unit would be a very positive move.  

Manufacturers do have a part to play in helping reduce the energy consumption of equipment 

such as pasteurisation and in ensuring that their customers can continue to run the units in as 
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efficient way possible. Certainly the design of the zero-carbon site (“site X”) sets a positive 

example for other sites to follow. 

2.5 Chapter 2 contribution to knowledge 

Description of the current state of dairy process monitoring with regards to energy in the UK.  A 

presentation and conference paper at the eceee Industrial Efficiency conference 2018 in Berlin. “A 

review of pasteurisation process monitoring to support energy efficiency in the dairy industry”. 

The conclusions of the work being that the state of energy monitoring on UK pasteurisation plant 

is poor due to either missing data points or lack of use of available data monitoring. Having 

sufficient temperature monitoring that is used results in significant savings. Manufacturers can do 

more to promote energy monitoring on plant. 
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3. The Role of the Operator / Human factors 

Operators control plant to produce quality product, while minimising waste, downtime, water and 
chemicals but often not energy. Nevertheless, given access to the right information, they do have 
the skills and autonomy to reduce the energy consumption of the plant15. 

This chapter focuses on the role of the operator in process control, particularly in controlling the 

black box processes. An ethnographic study of the operator role is undertaken. This work 

contributes to the understanding of how the operator interacts with the process and what role the 

operator can play in solving the problem as shaped in chapter 2. 

3.1 Introduction to chapter - Human factors, ethnography and 
engineering 

Research sub question 3 (Figure 2-3) asks “How important is the role of the operator in controlling 

the process and what are the barriers to operators controlling for energy reduction?” In order to 

address this question; access was gained to two dairy processing sites with permission to spend 

time in the control room in order to observe operator behaviour; undertaking an ethnographic 

study. Permission was also given for semi-structured interviews to take place with operators. This 

work resulted in a published paper(Challis, Tierney, et al., 2017); which is adapted (with minor 

formatting modifications only) for section 3.2. This first section (section 3.1) of the chapter 

provides further discussion around the choice of ethnography as a research method and why 

operators were made the focus of the work. 

One of the key contributions of this work is the use of ethnography to examine what is a 

traditional engineering problem; how to improve the energy efficiency of an industrial process. 

Ethnography is the study of people in environment(s) of interest; be it home, at work or in social 

spaces. It aims to provide a detailed understanding of people in any given situation (Martyn 

 
 

 
15 Table 1-3 
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Hammersley, 2007). It provides qualitative depth of understanding (Mike Crang, 2007), producing 

material that is “full, nuanced and non-reductive” (Taylor, 2001). But to undertake ethnography 

one might ask “what do you actually do?”  

There are many methods that can be employed to support ethnography (Smith, High, Mette 2017) 

(Mike Crang, 2007)such as semi-structured interview, observation, surveys, providing the subjects 

with equipment to record their own video diaries and so on. But essentially it is about spending 

time in the relevant environment; with the relevant people (or as many of them as possible) to 

observe, record and understand as full a picture of the situation as possible. The output is more 

like a story; a “day in the life” than a set of data ready to turn into neat graphs and summaries. 

Through its use previously hidden factors and issues can be uncovered or brought to life. The 

conclusions may not have statistical weight, but will provide a detail and depth of understanding 

that is unobtainable from a bar chart. In this way it can be an invaluable companion to more 

traditional engineering approaches to analysis and problem solving. A great deal of the work in the 

field of process energy efficiency has used more traditional broad statistical studies; such as 

questionnaires regarding investment or energy surveys of multiple production sites (Nagesha & 

Balachandra, 2006)(Sandberg & Söderström, 2003). With this study, we wanted a deeper 

investigation to complement the existing material. There is literature on the issue of improved 

process control for energy efficiency and the challenges that are faced. A particularly interesting 

paper on the challenge of using process optimisation for energy saving in a process industry was 

actually from iron and steel (Jiang, Zhang, Jin, Tian, & Yang, 2013), but many of the underlying 

issues are still relevant. The methods employed include questionnaires and data analysis; leading 

to statistically robust outputs, but which are outcomes only of the original questions asked; there 

is little opportunity for uncovering previously hidden aspects.   

The role of the operator is an area which in practitioner terms would typically be the realm of 

management consultants and change management experts. Carbon Management programmes 

such as available from consultants like the Carbon Trust would include some element of 

stakeholder analysis and hopeful identification of operators as having a role to play. 
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A key weaknesses of ethnography lies in this lack of statistical robustness - ethnography is just one 

perspective no matter how deep and rich the material. It is difficult/unwise to extrapolate findings 

across other similar organisations or situations. As stated above; a great deal of work exists that 

can be used to generate statistics, but ethnography has not been used in this field. Another 

weakness of ethnography is the potential subjectivity and limited view of the ethnographer. It is 

important to note biases and shortcomings in the access that was actually afforded the 

ethnographer (Law, 1994)(pg. 190). All ethnographic observations have to be reduced to stories in 

order to be usefully told and used by the reader (Law, 1994)(pg. 152) (Mike Crang, 2007).  

As the main contact with site personnel during the ethnographic study it is important to address 

the author’s role and biases as a researcher undertaking ethnography (and to switch to use of the 

first person accordingly). My background is in energy efficiency and industrial environments so 

there is a danger in coming to the subject with already preconceived ideas of what I will uncover. I 

also have no background in social sciences apart from the grounding in systems theory as provided 

by the University of Bristol. My own subjectivity in this situation is important to recognise (Law, 

1994)(pg. 190). It is unavoidable, but should be understood. In reflecting on the experience; 

having a background in industrial processes and energy meant that I felt more relaxed in the 

environment than I may have done otherwise; particularly as a female academic in what is 

overwhelmingly a practical and male dominated space. I also quickly understood the details of the 

process; the SCADA screens and the technical explanations. In some cases where the operator was 

struggling with the complex process flow diagram on screen; I was able to spot the process route 

or source of the issue before they had re-oriented themselves. On the one hand it is very useful to 

be able to comprehend technical detail; essential for the other aspects of the EngD. With regards 

to Ethnography; being seen as an expert or at least knowledgeable and educated in the subject 

matter has an influence on how the researcher is perceived and how the interactions unfold 

(Experts in Uncertainty, Cooke 1991), which can be either positive or negative. 

I was able to get access to the sites due to their nature as clients of my sponsoring company. At 

times my role as researcher and impartial observer was possible to be confused with being that of 

a consultant. I found that I used both the University of Bristol and Verco at different times as 
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explanations of “who do I work for?” depending on what seemed to suit the situation best. During 

my site visits; I collected process data and analysed it offsite. The results of this analysis are 

contained in chapter 4.  I returned several times to present my findings to different staff in the 

client organisations studied. The presentations of my findings were generally to more senior staff 

including engineering managers and on one occasion the group environment and energy meeting. 

In these situations; the use of both identities was beneficial to back up the experiential expertise 

and academic rigour. In talking to the operators and spending time in the control room; the 

University of Bristol name gave me an identity that justified the slightly strange behaviour of 

observation and questioning. 

 

This EngD is from an engineering base, nevertheless, ethnography is not just for certain 

humanities disciplines (Smith & High, 2017). Mackley and Pink (Mackley & Pink, 2013) look at 

ethnography and its use in collaboration with other disciplines. Within the papers they focus on 

how and why families use energy in a domestic setting but are also interested in the analytical 

process itself that the whole team is undertaking. They are acting as part of a multidisciplinary 

team and as such acknowledge the differences in traditional approach to the subject and how the 

engineers in the team are focused on the energy data, its visualisation and analysis. They 

comment on the “strangeness” that each discipline’s approach had to the other, but how the 

process of working together, enriched the understanding of each of the team members. It is 

interesting that they talk about the difficulties of these two perspectives and two very different 

data sets coming together and leads to reflection on how having the engineer undertake the 

ethnography can have some benefit in terms of ease of bringing the two perspectives together. 

The downside being the lack of previous experience in the ethnographic and humanities field.  

Ethnography has been used to understand the behaviour of building occupants (either residential 

or office staff) with regards to energy (Mackley & Pink, 2013)) (Stern et al., 1987) (Schwartz, Betz, 

Ramirez, & Stevens, 2010). Ethnography has not been used to explore the issue of energy 

management and process control in an industrial setting. This is a unique feature of this thesis. 
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(Zhou et al., 2016) use meta-ethnography in their paper on energy efficiency of machine tools. 

Meta-ethnography is the analysis and interpretation of a range of previous qualitative studies and 

should lead to new insights that were not apparent in the original. (Britten et al., 2002) (Atkins et 

al., 2008). It is however not at all obvious what the qualitative data that they are synthesising is, 

and it is certainly not ethnographic studies. 

Atkins et al. (Atkins et al., 2008) review contributions of anthropologists that have studied energy. 

The vast majority of studies cover highly politically charged issues (Boyer, 2018) (Imre Szeman, 

2017) such as oil extraction and indigenous cultures (Apter, 2005)(Weszkalnys, 2011)or coal 

mining (Rolston, 2013). Studies like these and “Energy research and social science - the ethics of 

energy” (Frigo, 2017) have a focus that is very much from a social sciences perspective of people, 

culture and politics. 

Ethnography is used in system design; it is a tool recognised as part of a systems 

approach(Hughes, King, Rodden, & Andersen, 1995). By interactive systems the authors mean 

computer systems and interfaces; including recognition of the importance of the human element 

in software design. Ethnography is used to better understand human requirements in more 

nuanced detail. 

The motivation for writing the paper was to better understand the role of operators in the 

potential for controlling a process for energy efficiency. By focussing in on operators, other 

questions and observations arise that were not able to be fully addressed in the paper due to 

space constraints. In particular, why were operators the focus?  

What do we mean by operator? What do they do? When referring to operators in this work, we 

mean the directly employed staff whose role it is to control the Dairy processing equipment. They 

typically work shifts in teams of 4 to 5 including a team leader. The team will stay fairly constant; 

though they will know members of other shift teams either by reputation, previous work patterns 

or hand over periods. Most teams that we met consisted of several more junior members along 

with senior operators - the “old hands”. The junior staff would have equal levels of responsibility 

for standard control scenarios, but may ask another staff member to check certain aspects of work 
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such as throughput planning or fault finding. They were all based in control rooms; separate 

communal office space located directly adjacent to some area of “shop floor” or plant room. The 

control room would typically consist of desks around the room with a number of computer 

consoles and monitors. Each console nominally dedicated to a different section of the production 

process though, due to the workings of SCADA, able to navigate to investigate any particular 

process area of interest. Notice boards, files and paper forms were also ubiquitous as part of the 

tools required for the job. The control room was an active working space with PPE (personal 

protective equipment) required; in distinction from the separate calm and plush office space 

where the engineers and managers resided. The control room was considerably quieter and 

calmer than the plant room. There was a regular sense of transition as operators readied 

themselves to enter the plant room or conversely swept into the control room removing ear 

defenders as they arrived. The task of the operator is discussed in more detail in 3.2. 

It is interesting to note how our interactions in setting up visits to sites, data gathering, presenting 

findings all occurred at a senior manager level. The days would begin and end in the neat and tidy 

office space and in glossy conference rooms. The connection with the process would take place by 

first getting into the correct PPE (lab coat, high visibility waistcoat, hair net and ear defenders) and 

then descending or ascending through complex routes past different plant rooms and laboratories. 

The changes in environment signalled by changes in the noise, the fixtures and fittings, and 

temperature changes. This tension between the two worlds is something addressed in the book 

Organizing Modernity (Law, 1994). The book Organising Modernity is an ethnographic study 

undertaken at Daresbury Laboratory (Law, 1994); a nuclear radiation research facility. It is a book 

about hierarchies and social ordering. It is not about energy and processes. The role and life of an 

operator is observed however in relevant detail.  (from pg. 130):  

“Once the ‘day-drones’ go home, the atmosphere in the building changes….This is the moment 

when crew members take unsupervised responsibility for running many million pounds worth of 

machinery. So they sit in the control room; they monitor the behaviour of the machine and fine-

tune its performance; they walk round the building from time to time to make sure that all is well; 
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they pursue personal projects on the pcs; they drink coffee; they cook meals in the small kitchen 

that adjoins the control room.”  

(and from Pg.122.):  

“One day I was in the control room. I knew various members of the crew, but I’d also talked with some of 

the machine physicists….this is an excerpt from my notes. 

There is the crew; there are engineers; there are scientists – at one point there are about twelve people 

milling about. I feel uncomfortable – and I suddenly realize that it is a role conflict – that I am, in effect, 

straddling a boundary. How can I speak to [a senior machine physicist] and [a crew member] at the same 

time? The answer is – I can’t – except for certain very specific reasons they don’t interact at all. … I am 

beginning to get a sense of the frustration of the crew. They don’t get to know what is going on, or why; 

during machine physics, they have little or no control. They are as a crew member puts it, spoken to on a 

‘need to know’ basis. But I am bound up by my identification with crew-world; what can I do?” 

This section of the book is all about performed hierarchy. About how the physicists are taking the 

roles of creative puzzle solvers and that the crew have to take a passive role when interacting with 

this story. But that isn’t right; the physicist roles leave very little room for the crew to take 

initiative. The crew are forced into a role where they have to observe and wait to clear up. The 

section goes on to talk about the physicists having a passion for the work that pervades more of 

their life, their minds, their stories about themselves – they want to get the facility to be world 

class, they want to excel in their field. The crew have different stories; their passions however are 

about activities outside of work.  

In section 3.1 we discussed the fact that ethnography on industrial energy efficiency had not been 

undertaken. Some control room ethnography has been done but focuses on human ergonomics in 

high pressure situations such as nuclear power stations or military control scenarios. The literature 

that is available on industrial energy efficiency and process control for energy reduction, as 

discussed, uses methods that are often addressed at the manager level; such as the completion of 

a survey on attitudes to investment in energy projects. The operator does not appear in academic 

work in this context. The operator doesn’t readily feature in practitioner literature either. Indeed 
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the topic of energy management can be constrained just to the Energy Manager, Site Manager 

and Corporate Environment Lead. Existing energy reporting that does happen is focused at this 

level as shown in section 2.4. Specialist energy management tools that assist with monitoring and 

targeting are used almost exclusively by the Energy Manager or perhaps Engineering Projects 

team. This is understandable as the software applications provide a retrospective review of energy 

performance perhaps on a weekly basis. The reports generated may be fed down to teams, but in 

a summarised sense of “energy consumption this week was up by X%”. Investment projects are 

proposed and decided and staffed at this management level. 

Control of the process however is not undertaken at the manager level. All control decisions and 

ability to positively affect the energy use of the process on a day to day basis are taken by the 

operators. The operators also understand the process in detail and see the issues that arise, as 

they arise. Their ability to fix problems and finance the fixes is limited. But they are very well 

placed to report back opportunities for improvement projects.  

The book does not talk about the dismissive way a technician is spoken of, but more about how 

roles are perceived and the embodied skills that come through certain types of training. Another 

excerpt (pg. 81) relating to a discussion between two engineers (Andy and James) about Ph.D 

students:  

“Andy: To be a [technician] does not take any initiative. To do science does. If a person does 

research, the research does not get done by having someone [say] ‘Measure this, measure that…’ 

James: It is not his job. It is his vocation.” 

The author asks if we are all skilled. That we can identify all sorts of skills within ourselves and tell 

stories on that front – whether those skills are recognised by others is another matter. He talks 

about how the complaint from the shop floor is that the skills required to do low status work are 

not recognised; and that there is a class system when we talk about vocation. It feels, in a similar 

way, that much of the literature and effort in the field of process energy control minimises the role 

and skills of the operator by focusing the research at the perspective and data produced by 

managers. A final example is provided (pg. 131) detailing a story of the crew on nightshift trying to 
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solve a problem. The story ranges over 4 hours of efforts to find the right materials, to overcome 

newly identified issues, and to get hold of the right people. The tale is heroic and the crew 

continue to work towards the required aim of getting the system back on line. Skill and enterprise 

are required. Law reflects how people tend to “delete the work of subordinates: to assume that 

technical or low-status work gets done ‘automatically’, as if people were programmable devices.” 

3.2 Human factors in Dairy Industry Process Control for Energy 
Reduction 

3.2.1 Introduction to the human factors work 

This content was originally published as a paper called “Human factors in Dairy Industry Process 

Control for Energy Reduction”. It concerns the study of process control operator behaviour within 

the dairy processing industry. The paper investigates the operators’ current and potential role in 

reducing the energy consumption of the production process and what are the barriers and human 

factors that need to be taken into consideration to allow operators to control for energy reduction 

on an ongoing and dynamic basis? 

Milk production globally contributes 2.7% of total global emissions; the majority of this figure 

relates to cradle to farm gate emissions. Methane contributes approximately 52% of the GHG 

emissions from milk production (FAO 2010) whereas approximately 8% of the total GHG emissions 

attributable to milk are generated post farm gate (FAO 2010).  

Within a dairy processing site, pasteurisation is a common process element that accounts for 30 to 

40% of the process energy use on site ((CIPEC, 2001); (Modi & Prajapat, 2014); (Ramirez et al., 

2006); (Xu & Flapper 2009)). The dairy industry has made progress in reducing energy use, 

between 2000 and 2010 the dairy processing sector made a 28% improvement in energy efficiency 

(The Dairy Roadmap, 2013). For much of the industry, the focus has naturally been on the easier 

to tackle elements such as good housekeeping, boiler and refrigeration technologies etc. The 

efficiency of process operation remains a harder issue to tackle; particularly in areas of the process 

that are under-monitored (for energy) and also where there is a perceived conflict between the 
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need to control the process for product quality and safety aims and the need to reduce the energy 

use of the process ((Bunse et al., 2011); (Hasanbeigi et al., 2010); (Palm & Thollander, 2010); 

(Thollander & Ottosson, 2008); (ROHDIN & THOLLANDER, 2006)). As highlighted by Blok (Blok et 

al., 2015) current production processes are far from ideal when it comes to sustainability. It can be 

said for many industries, including dairy processing – there is little visibility over key process 

energy use and energy as an issue has been deprioritised. In short the problem is that there are 

both human and technical barriers to controlling dairy processes for energy efficiency. Here our 

particular interest is in the way operators perceive their capability and responsibility to effect 

better energy efficiency, and what factors could enable the operators to do so in the future. 

Operators control plant largely though SCADA (Supervisory Control and Data Acquisition) systems. 

Control algorithms are typically pre-programmed at site and/or process unit commissioning. All 

the system elements (valves, heat exchangers, flow monitors, tanks etc.) are assigned a unique 

“tag” (alpha-numeric label). The control algorithms contain routines for how a particular element 

of the process will run e.g.: 

• Valve DP01V001 set to open  

• Pump DP01P001 runs for 10 mins 

Some elements have set temperatures to reach; sub-routines and control algorithms will work to 

ensure a steady temperature is maintained by varying the valve open % position on a hot or cold 

water feed. Feedback control will be used to maintain the temperature. 

Much of this detail is programmed at commissioning and then left. The programming is done with 

the intention of optimising a key parameter of the process operation; this is typically related to 

quality control. For the majority of process plant the control system is not set up to optimise 

energy consumption. The pasteurisation process is automated for product quality and sterilisation 

but not for energy saving. 

Site staff plan and schedule routines in order to achieve required product volumes. They also have 

the ability to halt programs and over-ride them for example adding in a cleaning operation or 

choosing whether to leave a process element in water circulation mode (water circulating where 
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there would normally be dairy product and some process elements e.g. cooling, deactivated) or to 

run a clean in place (CIP) and leave the system to dry and cool.  

Pasteurisation is the most common thermal process within the dairy processing industry (Ramirez 

et al., 2006); 87% of all milk consumed in the UK is pasteurised (Foster et al., 2007). Pasteurisation 

is the most energy intensive process in terms of energy, cost and carbon for liquid milk processing 

see Figure 3-1 (Carbon Trust 2010). While the precise details are not clear for what is included 

within the data that make up this figure; it is likely that within the pumping energy for 

pasteurisation there is both product pumping and hot water circuit pumping included. In addition 

the study may have included pumping of secondary refrigerant. It is important to note that 

pasteurisation is a process with more inherent waste. As a thermal process there are typically 

periods of water recirculation (this will vary by site as to the average duration) where the plant is 

not pasteurising product, but hot water is being recirculated in order to keep the system to 

temperature. Homogenisation and separation are either in production or in cleaning mode, or off. 
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Figure 3-1 relative energy intensity of raw milk processes (Diagram courtesy of the Carbon Trust Industrial Energy Efficiency 
Accelerator- Guide to the dairy sector) 

Verhulst and Boks (Verhulst & Boks, 2014) highlighted success factors in achieving sustainable 

business transformation that fall into two main groups; those tied to structures, processes and 

technical issues and those linked to the internal value chain including human factors. 

Energy management practice has been around as long as industry; though it emerged as a 

recognisable discipline in the 1980s. Energy management principles are well understood in 

business, but real life application can be constrained and stuck in an “accepted” way of doing 

things ((Wesselink, Blok, Leur, Lans, & Dentoni, 2015); (Boons & Lüdeke-freund, 2013)). A systems 

approach using cross disciplinary techniques is helpful to understand how the production process 

really operates and what is needed to achieve the aim of improved process efficiency (Wesselink 
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et al., 2015). Our study sites are from a parent company with a progressive energy policy however 

we find onsite and in our consulting experience that control priorities do not include energy. 

The Carbon Trust Accelerator ((Carbon Trust, 2010)) identifies a wide range of energy intensity 

across the industry (Figure 3-2 reproduced by permission from the Carbon Trust). Some of the 

differences are accounted for by the inclusion of energy intensive processes such as evaporation 

and spray drying but variance is also explained by differences in application of good practice 

measures relating to energy. 

 

 

 

Figure 3-2 range of energy performance across the main dairy types 
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For the purposes of energy saving, pasteurisation is often insufficiently monitored, such that the 

chilled water and steam inputs are not metered. Also too few temperatures across the heat 

exchangers are measured to allow heat transfer and efficiency of the units to be calculated (see 

Figure 1-2). This makes pasteurisation something of a “black box”16; where some inputs and 

outputs are known, but energy consumption is not. This means the task of identifying  inefficient 

operation and improvement opportunities relies on periodic reviews of data collected from 

temporary monitoring alongside data downloads from SCADA. 

A technical solution would be to provide process operators with improved, real time, information 

on energy consumption within the process; either through additional metering or analysis of 

system behaviour. For any technical solution to be effective; the human factors need to be 

considered relating to 

• Would the information be used, and if so how?  

• Why hasn’t this been done already? 

• What format of information would be most helpful? 

• What are the issues regarding implementation and use? 

Our research comprises semi-structured interviews; deliberately carried out in the workplace.  We 

classify the approach as 'ethnography' in conformity with the ideas of Hammersley (Hammersley 

2006). Use of ethnography to address energy efficiency in this setting is unique. Ethnography gives 

richer information than statistical methods; responses are not constrained or predetermined by 

the researcher’s interview plan (Appendix B).  

The benefit of ethnography is a rich description of 'daily life' eliciting the experience of 

interviewees; such experience would not readily become evident from formal interview methods 

or questionnaires. The aim of this chapter is to address those issues using a combination of semi-

 
 

 
16 See section 1.2.1 
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structured interview and ethnography in order to produce a case study that asks: “Why is 

controlling for energy efficiency within pasteurisation so difficult?” 

 

3.2.2 Literature Review for section 3.3 

Here we ask several relevant questions and look to literature for what is already established in the 

area. 

Why is controlling any process for energy efficiency difficult? 

Energy efficiency endeavours within an industrial setting have a long history and there exists much 

practitioner based literature in addition to academic papers. Within the practitioner sphere the 

industrial energy efficiency challenge has traditionally been seen as something additional to 

process management and top level issues. There is a need to integrate energy management into 

process management; which are often treated as discrete elements with low status and low 

priority given to energy management (Bunse et al., 2011). In designing processes optimising for 

energy use would come as lower priority. A process will be designed to achieve the required 

process quality with the lowest cost. Energy comes into those costs, but dependent on the 

industry – product wastage, time and labour may be more dominant features. Rising energy costs 

and costs resulting from legislation and regulation have pushed up the energy cost element in 

more recent years. Processing costs of milk (as distinct from overall production costs including 

farming) are not readily available. Within the overall costs of milk production across Europe, 

energy costs made up 18% of overall costs in the EU-27 (with some high percentages of 34% and 

41% from Latvia and Slovakia respectively) and 13% in the UK(2007 data)(States, 2011). 

A number of studies on the barriers to energy efficiency measures being implemented within 

industrial settings have been carried out. These studies have typically focused on management 

level decisions regarding the importance of energy and investment in energy efficiency. Risk to 

process comes out as a top or highly rated barrier ((Thollander & Ottosson, 2008); (Rohdin & 

Thollander, 2006); (Palm & Thollander, 2010)). It has become part of organisational culture for top 
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management to focus on the core business, i.e. the production process (Sandberg & Söderström, 

2003) and its outputs and sales. Such prioritisation is to the detriment of analysis of and 

investment in energy efficiency. Investment project ideas coming from an energy manager or 

estates person, rather than someone central to production, are not seen as strategic and may be 

viewed as lower priority (Sandberg & Söderström, 2003). A Swedish study by De Groot, Verhoef, 

and Nijkamp (De Groot, Verhoef, & Nijkamp, 2001) has “other investments more important” and 

“energy efficiency has low priority” as the most significant barriers to investment. Tonn and 

Martin (Tonn & Martin, 2000) highlight barriers mainly come down to lack of knowledge regarding 

benefits and opportunities or that this knowledge is too dispersed across the company. 

Another Swedish study by Sandberg and Söderström (Sandberg & Söderström, 2003)highlights 

how lack of sub-metering and proper measurement is a significant barrier to investment in energy 

efficiency.  Energy Efficiency Watch Country Report for Sweden (Energy Efficiency Watch, 2013) 

identifies Swedish energy efficiency policy as “comparatively ambitious”. Even so,  within Sweden 

Rohdin and Thollander ( Rohdin & Thollander, 2006) highlighted how all but one of the non-energy 

intensive manufacturing sites they had spoken to had no sub-metering. (Industry accounts for 38% 

of energy consumption in Sweden (European Energy Network, 2014)). As highlighted by Michaelis 

(Michaelis, 2003); innovation is required to engage with the production process and push for 

greater energy savings in all areas not just those that are low risk and easy to tackle. 

What control systems are used in dairy processing? Can they control for energy efficiency? 

The majority of dairy processing plants are controlled by a SCADA (Supervisory Control And Data 

Acquisition) system. Numerous commercial SCADA packages exist; they all work on similar 

principles. The system gathers data from across the process and controls elements (e.g. flows) in 

order to achieve relevant set points (e.g. temperatures). 

Process control systems are designed to be flexible with regard to the metrics a site wishes to 

control for (Froisy, 2006). Nevertheless, within a standard package, it can be difficult to deal with 

conflicting control metrics of quality vs energy use. Single set points have to be chosen; usually 
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based on product quality requirements. If energy sub-metering is absent, automatic control by 

SCADA for energy will be difficult. 

The review undertaken by Herrmann, Thiede, Kara, and Hesselbach (C. Herrmann et al., 2011) of 

commercially available manufacturing simulation tools shows that they do not readily support the 

modelling of energy flows and rely on add-ons or separate data analysis tools. Software tools exist 

for decision making in production planning, but many of them do not include energy as a key 

factor in control decisions (Bunse et al., 2011).  

Giacone and Mancò (Giacone & Mancò, 2012) attempt to build models that can represent the 

energy flows across a complex industrial process. The energy system of a site is represented as 

single matrix equation, but has a number of flaws as a real life model as it assumes energy use 

depends linearly on a single factor. Other attempts rely on creating and reviewing simulated 

scenarios for different control strategies ((C. Herrmann et al., 2011); (Christoph Herrmann & 

Thiede, 2009)). 

Tomasula, Yee, McAloon, Nutter, and Bonnaillie (Tomasula, Yee, McAloon, et al., 2013)create a 

customisable model of the fluid milk process in order to understand the energy usage of the entire 

process. This model can be used as a benchmarking framework or to test potential process 

changes and the energy impact. On its own it would not reveal any real-time information about 

energy use of the plant. 

Human factors as barriers to energy efficiency – what do we know already? 

Within this study we are aiming to understand the human factors in controlling a process for 

improved energy efficiency. Palm and Thollander (Palm & Thollander, 2010) categorise barriers as 

economic, behavioural or organisational, this same structure is also used by Hasanbeigi 

(Hasanbeigi et al., 2010). The behavioural barriers identified by Palm and Thollander (Palm & 

Thollander, 2010) are: 

• Inability to process information 

• Form of information 
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• Trust 

• Inertia 

Verhurst and Boks (Verhulst & Boks, 2014) look at human factors relating to implementation of 

sustainable design practices; they find the key issues to be: resistance against change, internal 

communication, empowerment and organisational culture.  Bauman 2002, Boks 2006 and 

Willander 2006 ((Baumann, Boons, & Bragd, 2002); (Boks, 2006); (F. Authors, 2006)) call for a 

better understanding of these human factors. 

(Turner & Karasek, 1984) highlights that it is much easier to design for physical ergonomics than 

cognitive ergonomics given: 

· Unpredictability of information, which decreases efficiency through a reduced ability to 

detect patterns. Constant searching and concentration is required to detect 

unpredictable signals. 

· Environmental factors that cause distraction, and stress 

· Degree of operator autonomy should be related to the skill of the task 

· How heavy the workload is 

There are issues with having too many control objectives to balance. 

In order to prompt the operator to intervene in the process to improve energy efficiency, 

information has to be provided regarding the operation of the process. The form of data 

visualization for process control is vital. If done well, vast amounts of data can be comprehended 

rapidly (Ware, 2012). Good visualization facilitates pattern recognition and deviations from normal 

operation to stand out. Ware (Ware, 2012) provides guidelines for designing data visualisations 

including: 

· Human sensory capabilities need to be taken into account so that important data points 

and patterns can be perceived quickly 

· Unless the benefit is considerably greater, use tools that are consistent with others 

already in use. 
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A trend based system gives greater context to the energy information (Kivikunnas, 1993). Just the 

simple act of being able to see if energy use is increasing (either gradually or from a step change) 

along with examples of  traces of other corresponding process data – gives an operator  sufficient 

information to investigate and intervene in a process.  

Has anyone else used ethnography to understand the difficulties in process control for energy 

efficiency? 

Control room ethnography features in this study. Within the literature, control room ethnography 

centres around high risk and dynamic control scenarios such as blast furnace supervision (Hoc, 

1993) or military command centres (Stanton et al., 2006). A dairy control room would typically be 

a lower peril environment but some interesting parallels can be drawn. For example if the 

knowledge required to manage how a situation is dealt with is distributed amongst a number of 

parties. Or if the situation is complex with a variety of information sources; considering how the 

parties go about decision making. 

Muir and Moray (Muir & Moray, 1996) explore the issues of trust in automation. This uses the 

scenario of pasteurisation control (though this is incidental to the conclusions). The paper brings 

out useful points regarding the importance of getting the control model right if the results are to 

be trusted and the automation is not to be overridden.  

Papers in the exact sphere of ethnography regarding industrial process control for energy 

efficiency have not come to light within this search. Much literature is available on ethnography to 

study control of buildings for energy efficiency. The key difference being that the control of 

building environments (and the subsequent impact on energy use) is typically by occupants with 

vastly removed priorities and tasks. The control of the building environment is incidental to why 

they are in the building, and for most people; their attitude to energy and the environment do not 

factor in their day to day decision making ((Crosbie & Baker, 2010); (Lutzenhiser, 1993)). Control of 

a workplace building for energy efficiency (if left to occupants) may be through guidelines as 

opposed to formalized work processes(Schwartz et al., 2010). Schwartz, Bell, Ramirez et al 

(Schwartz et al., 2010) do demonstrate however that workers do take responsibility for energy 
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reduction if given the necessary support. Control room operators are tasked with controlling the 

process even if they have not been tasked with controlling a process for energy efficiency. 

In addressing the challenge of process energy efficiency, the human element, including barriers 

and opportunities, must be understood. Ethnography offers a deeper insight into human 

behaviour than broad brush surveys and statistical data and it is surprising to find its use absent to 

date. 

To refer back to the four questions set in the introduction;  

· Would the information be used, and if so how?  

· Why hasn’t this been done already? 

· What format of information would be most helpful? 

· What are the issues regarding implementation and use? 

 

As identified in the literature review, there is very little literature focusing on the operator role in 

reducing energy consumption in industrial processes. The literature review shows that some 

software and methods are available with a specific energy focus, but they do not tend to be in a 

form that is useful for dynamic real time analysis by operators.  Section 4.5 sets out information 

relating to visualisation and format. Controlling a process for energy is difficult because 

commercial control software focuses on single metrics typically quality related and energy still 

isn’t a management priority in many sectors and organisations. 

 

3.2.3 Survey design and deployment 

Techniques Employed 

The study detailed in this chapter uses semi-structured interviews and ethnography to understand 

the human and technical issues and barriers to controlling pasteurisation for energy efficiency. 

The value of ethnography is in identifying underlying causes and understanding the problem in a 

way that a statistical review of data would struggle to be able to do (Granot et al., 2012). 
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Generalisations about a situation can be drawn from ethnography (Edwards, 2015). Ethnography 

provides examples to help others visualise and understand the detail of a situation, but 

ethnographers should also seek out data to back up key issues (Edwards, 2015). Workplace 

ethnography tends to rely on the single case study (Edwards, 2015), which is the case with this 

work. 

Ethnography is a form of qualitative research involving observation of a place or people in order to 

provide an in-depth and rich description of “daily life”. Ethnography can help identify underlying 

factors and understanding of a problem or situation. 

Interviewing practice has a variety of forms from very structured formats that constrain the 

answer set, to open interview methods that follow the course of discussion in a conversational 

manner (Granot et al., 2012). The semi structured interview format aims to find a compromise 

between a spontaneous conversational style and a ridged structured interview where much of the 

background detail is already established and answers to very specific questions are wanted (Leech, 

2002). The interview should be prepared for with a series of open questions that act as “jumping 

off” points for discussion. Grand tour questions are recommended such that they ask for the 

interviewee to give a much more descriptive and wide ranging response e.g. “Can you describe 

what happens on a typical shift?”(Leech, 2002).  

Access was provided to three dairy processing sites (sites B, Y and Z). An interview was held with 

fourteen staff members across the sites that have experience of process control. The interviews 

lasted for approximately half an hour; with participants questioned about the control process and 

energy consumption relating to pasteurisation. The interview was designed to be “semi-

structured” with open questions; such that a discussion could develop led by the answers of the 

interviewee. The interviews were all conducted at the control desks while the operators were on 

shift. The style of the interview was informal and at times was led by discussion of the actions the 

operators were currently undertaking; it also allowed demonstration of issues and actions relating 

to the questions posed. Two further staff members engaged in in-depth discussions around similar 

topics; the outcomes of these are included in the results despite not being conducted in quite the 
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same manner.  Appendix C comments on control systems and the boundaries between human and 

machine control. 

The aim of the interview was to understand operators’ perceptions of: 

· The task of controlling the process 

· The balance between automation and operator input 

· The priorities operators have in mind when controlling the process 

· Current energy efficiency monitoring processes related to pasteurisation 

· What equipment is present (and functioning) 

· What monitoring is used and how 

· What could be improved 

The interview was recorded on two digital voice recorders and the interviewer also took notes 

during the interview. All participants signed a consent form. A flow chart of the starting question 

structure is shown in appendix B. The grey highlighted questions are the primary ones, with some 

potential follow up questions based on the anticipated directions the interview could take. The 

questions are primarily phenomenological in standpoint and are intended to help understand the 

interviewees experience and point of view. Some questions are positivist and look to establish 

facts e.g. “what do you monitor relating to energy”, but these are typically stepping-stones to 

phenomenological questions.  

The interview was structured assuming that the following issues were central to the question of 

whether the process is controlled for energy efficiency: 

· Lack of data on energy consumption 

· Poor visualisation of energy data 

· Low level of autonomy of the operator 

· Conflicting control priorities  

· Energy not communicated as a priority 
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The interview plan in appendix B was constructed before interviews. Note that (1) some questions 

did not result in productive answers and are not discussed in this paper (2) the methodology was 

flexible so that questions posed in-situ could divert from the plan (3) for clarity of presentation, 

the responses in section 3.2.4 have been restructured, and do not necessarily map onto the 

original plan. 

The interviews were saved to the online software dedoose™, where they could be reviewed and 

coded. Dedoose™ is an online tool that supports categorisation, review and analysis of qualitative 

and mixed methods research materials such as text, audio files, videos and pictures. The answers 

and discussion have been summarised within the “interview results” section 3.2.4. 

Time was mainly spent within the control room during the visit; some of the time was spent 

undertaking interviews but more than two thirds of the time was available for observation.  

Therefore, in addition to the semi-structured interviews; ethnographic techniques were used to 

capture details of operations and to understand  

· Impact of semi-structured interview and observation on outcomes 

· Culture of the control room 

· Attitude to energy efficiency 

· Issues with managing conflicting priorities 

· Amount of control/autonomy of the system that operator has 

and to collect general observations on the control room task – what do operators do and how? 

We use the word ethnography as defined by Suryani (Suryani 2008) and Hammersley (Hammersley 

2006) “…a form of social and educational research that emphasises the importance of studying at 

first-hand what people say and do in a particular context” (Hammersley 2006). 

The ethnographic element comprised (in addition to interviewing) careful observation of all the 

control room activities (it being a limited space). Notes were taken by the author and 

conversations were recorded on a digital device. The author also asked questions of the control 

room occupants where appropriate. 
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The information from the ethnographic element has been used to create the case study in 

appendix D. The case study provides context for the observations in section 3.2.4 and the 

discussion in section 5. The intention with the case study is to give the reader a feel for, and 

understanding of what the role of process control entails.  

The semi-structured interview and ethnography techniques were chosen because the authors 

required an in depth understanding on a narrow topic with the aim of ensuring that any technical 

solution to present information on energy use in pasteurisation will be of practical use. 

Ethnography provides insights into the real world situation; including potential unanticipated 

issues and behaviours. This method was preferred over statistical data gathering where an initial 

structure and questions have to be defined before a full understanding of the problem has been 

gained. 

Review of the methodology 

The main shortcoming of this element of work is that it was limited to three sites due in part to 

time consuming issues frequently inherent in negotiating access to sites. It is therefore not 

possible to be certain whether the lack of emphasis on energy consumption is due to site culture 

and history or if it is more prevalent through the dairy industry and similar sites. The sites were of 

a significant size; the dairy processing industry is dominated by several larger operators. It would 

make the results more robust to visit other sites and carry out similar interviews and observations.  

Only fourteen operators were interviewed; within this group the operators were of varying rank 

and from different sites and shifts; they were all however working in the operator role i.e. directly 

responsible for controlling the process. This is a relatively small number; however they were 

surprisingly homogenous in their responses; indicating that increasing the number of operators 

interviewed at the sites would yield similar results ( (Cook, 2007)chapter 2).  

Managers were not interviewed. This in turn would necessitate a differently set of questions 

within the survey. There would, for example, be benefit in discussing with managers the energy 

saving philosophy at the sites. All interviews were conducted in the control room with other staff 
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members nearby. There is a possibility that an unwanted transfer of ideas between operators 

influenced their responses; however given the candid nature of the responses, this seems unlikely. 

The semi-structured interview guide (appendix B) worked well and could be applied to other 

process industries (with minor modifications). 

In order to add greater rigour to the ethnographic element it would be preferable to spend more 

time at the sites as an assumption made in this paper is that what was observed is reflective of 

“what always happens”; Hammersley (Hammersley 2006) point out that can be a shortcoming of 

modern ethnography. 

 

3.2.4 Interview Results 

The interview recordings and notes taken were entered into the online software “dedoose™”. The 

data was coded using four categories: 

· Balance of Judgement – material that evidences the balance between automatic 

routines and manual input. (How much autonomy do controllers have?) 

· Control priorities (what are the key issues that the controllers are dealing with, what 

are they trying to maximise, minimise or optimise?) 

· Energy – any discussion relating to energy and how energy is being considered in day 

to day operations 

· Visualisation – how is the data and information from the system being presented to 

the operators? How are the operators interpreting it and working with it? 

Some material collected covered several of these categories. Quotes in italics are from the 

operators, and are transcribed verbatim. 

Balance of Judgement 

Operators respond to schedules detailing the production volume required for different products. 

They were observed to be responsible for (1) the selection of pre-programmed recipes, and linking 
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these recipes in a series to obtain the required product (2) planning the timing of operations, so 

that (for example) production would align with packaging operations (3) sampling and checking 

products (4) necessary (minor) process adjustment (5) scheduling necessary cleaning and/or repair 

to plant (liaising with repair technicians).  At issue were the perceived requirement for manual 

intervention, the role of operators in planning processes, the way in which operators dealt with 

incidents, and the implications for energy saving. 

To keep structure in our work but nonetheless retain the integrity of information, our 

interpretation of operator responses to questions is presented in the bulk of this section whereas 

Table 3-1 comprises selections of relevant verbatim statements. (Appendix B lists the interview 

plan.) 

With regard to manual intervention; some operators estimated that 70% to 80% of decisions were 

automated whereas others simply acknowledged the necessity of manual intervention (Q 1, Table 

3-1).  Timing and planning required skills in working back from key events (e.g. a scheduled 

packaging operation) and considering the volumes of product available and when these volumes 

would  become available, the availability of storage vessels, and the duration of processes (Q 2, 

Table 3-1). The operators recognised their own capability to deal flexibly with minor emergencies.  

Most of the judgements made were based on experience developed alongside advice, and 

guidelines from peers and managers. (Table 3-1, Q3). Operators were observed to collaborate 

positively; cross checking each other’s work. They made minor adjustments to the process 

according to their experience. In terms of energy, operators felt that the options for using their 

judgement were limited. Judgement was more focused on the process variables getting to an 

efficient point i.e. running with the optimum through flow (Table 3-1 Q4). 
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Some of the complexity in decision making is illustrated by an event that occurred during an 

interview. The operator was interrupted by a technician following the rupture of a filler17 during a 

Clean In Place (CIP) operation, leaking hot caustic soda (the cleaning agent). The technician 

requested that the CIP was stopped, but after cross checking a few aspects, the operator 

suggested that it would be preferable to wait about three to five minutes for the CIP process to 

enter a cold water cooling phase; this option was chosen following discussion. Consequently the 

plant was cooled to a safe temperature without the risk of caustic solution inside (the plant), 

mitigating risks to the technicians and allowing faster inspection and repair. Moreover the filler 

would only require only sanitisation rather than complete re-CIP once the technicians had 

finished18, saving time and cost of chemical, and mitigating environmental impact. The operator 

highlighted that the time saving from being able to sanitise rather than CIP was certainly a 

consideration in his thought process. The episode required calm interpretation of an urgent 

request, and communication between the parties to understand the facts and decide on the best 

way forward. The operator sought to balance a number of priorities including both immediate and 

upcoming safety concerns, time and chemical use reduction. 

Table 3-1 Operator Perception of Judgement 

Question 

number 

Question or prompt Selected Responses 

1 “Can you describe the balance 

between human judgement and 

automatic sequences and routines?” 

“pasteurisers are 80% automatic” 

 

“70% automated, 30% operator” 

 

 
 

 
17 Section of the production plant for filling product containers, for example with liquid milk. 

18 CIP is designed to remove build-up of product residues and is a more intense process that typically ends with a 
sanitisation phase. Sanitisation alone can be performed where the only concern is removal of micro-organisms. ((Spx, 
2013); (Thomas & Sathian, 2014))  
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“you could just set the system up and leave it 

running in theory – but it needs manual 

intervention”. 

 

2 Discussion following on from 

question about process of 

controlling plant (Q1 above).  

“I’m always thinking one step ahead” “might 

lose your plant halfway through the run due to 

exceptional circumstance like a valve or a 

failure, pasteurization failure or 

homogenization failure or breaking a belt, 

anything can happen …just got to keep looking 

at the tanks and work out what tanks are going 

to come back next.” 

 

 “We come in on a morning and we know what 

we have to do everyday…we’ll be looking how 

things are going, and that’ll dictate, depending 

on what’s running and what products we’ve got 

available to us at that time, dictates what we 

can do next. So although we come in and have a 

plan to do A,B&C we might end up having to do 

B,C&A. Things change, but we’re quite flexible 

to do that” 

 

3 Discussion regarding training “It’s basic training on the job…by running the 

plant…common sense” 

 

4 “How does energy consumption of 

the plant come into day to day 

We have to use that energy, the energy that the 

evaporator uses I haven’t really got any control 
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operations?” over, I can’t slow it down, I can’t reduce the 

temperature of it, it is what it is, so I can 

concentrate on getting what we got coming out of 

the other end right”. “We can’t change any set 

points on the plant whatsoever…I can  change 

the fats, silos where I put my cream, cream set 

points, that’s all, I can’t change any 

temperatures…” 

Control Priorities 

Operators were responsible for controlling the quality of product, through correct set point 

temperatures at the required holding time, and achieving specified product volumes. 

Environmental, health and safety stipulations formed a background to these activities and forced 

constraints on operation (Dairy UK 2010).  

Table 3-2 summarises verbatim quotes from operators. Depending on location of plant, perceived 

priorities included mitigation of product loss or availability of water (Q 1) – this was apparent both 

from interviews and discussions within the team. Energy saving was not seen as a priority (Q 2). 

Operators were not monitoring the plant for evidence of fouling (Q 3) and one can reasonably 

assume that, by default,  they treated the recommended times between clean-in-place operations 

as optimum. The plant was more likely to be stopped owing to pre-determined limits on run time, 

or when a storage tank was filled (and the inevitable part filling of a second tank before the end of 

a shift was deemed unacceptable). 

Achieving volumes at a consistent pace is something that the operators mixing cream at site B 

highlighted as having an effect on energy consumption (fewer CIP operations would be 

necessary)(Q4). The operators planned to avoid excessing plant stoppages and the ensuing 

cleaning operations. They could only leave the plant in standby for 6 hours before cleaning was 

necessary; provided that it is running a plant can operate for 24 hours between cleaning 

operations. 
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Site Y had historical issues with water supply volume; the need to reduce water consumption had 

been communicated and it was clear that the operators included water reduction in their list of 

control priorities (Q5, Table 3-2). 

The operators managed conflicting priorities and there was a perceived hierarchy of priorities as 

communicated by management; this currently, for site Y, excludes energy saving. 

Table 3-2 Operator Perception of Control Priorities 

Question 

number 

Question or prompt Selected Responses 

1 “What are your objectives in 

monitoring the system?” and 

discussion around control 

priorities 

“Where are we losing cream? Are we losing cream? 

Does get questioned a lot, important not to be blasé 

and think you’ve fixed it, especially losses. Losses is 

massive here” “there’s much more emphasis on it 

[cost] now”. 

 

“cost is huge” [“huge” implies “very important”] 

2 “Do you look at energy in 

anyway?” 

“No. No…there’s other people who look at that, we 

don’t”. “I’ve never really been taught to monitor the 

energy”.  

 

“You could look at that tag [temperature of product 

after regeneration; “regeneration temperature” see 

figure 3] the whole day and not even think about it, 

whereas these three [holding tube temperatures see 

figure 3] are critical to us in running the pasteuriser”. 

 

“the main thing we can do something about is 

[product] losses, that’s what they try and make us 
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focus on”  

 

“no matter how much energy we use we need to 

pasteurise something”.  

 

“Would still run the process the same if it used half or 

twice as much energy”. 

3 Discussion relating to 

whether suspected fouling 

ever leads to a CIP 

“We rarely come off [stop the pasteurisation process] 

early because it’s fouled, we normally come off 

because we’ve hit our 16hrs” .  

4 Discussion regarding actions 

operators can take that lead 

to reduced energy 

consumption 

“[they plan to run at a] consistent pace because if you 

stop at any time you’ve got to clean again…we’re 

forever saying ‘we don’t really want to clean again’ 

5 “what are your priorities for 

control?” 

“water…I got electric, I got gas, I got oil, I know that. 

Water…we use a massive amount of water in our 

processes…recently this year actually we increased 

the amount of water coming into the factory…we 

didn’t used to have the supply. We’ve addressed that 

problem… We’re constantly monitoring our water 

levels our water supply and I’m constantly in 

conversation with our butter leader “what are you 

washing?” “what do you need to wash?”…it’s 

something you need to react to as you go through the 

day” 
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Energy 

At site Y, Operators did not consider energy savings although there was a feeling that (unspecified) 

staff in the organisation should take responsibility (Table 3-2, Q 2). At site B and Z, on the other 

hand, energy use was discussed at daily meetings (Table 3-3, Q 2).  

One operator clearly identified the importance of the energy consumption of the evaporators and 

the dryers. The evaporator (at site Y) was instrumented to show mass flow (in kg/hr) of steam 

used but the sensor was inoperative. The operator felt that knowing energy use would have 

minimal impact on his actions and choices (see also Table 3-2, Q 2 and Table 3-3, Q 5). 

The operators are responsible for interpreting a large set of readings and alerts. An operator at 

site Y described various ways by which they could infer the impact of fouling from increased pump 

power (applied by SCADA control to keep the mass flow rate at its set point) and increased back 

pressure (Table 3-3, Q 3). It was felt that available direct information on either energy use or the 

impact of fouling would be used and exploited, provided this led to useful interventions in the 

process (Q 4). An advantage of site Y was that it had two pasteurisation units with each having 

different levels of energy monitoring. It was clear therefor from the responses that even when the 

data is present, that it is not being used.   

Primarily due to the SCADA routines comprising set “recipes” that the operator could select but 

not edit, most operators at site Y expressed a concern that they could not affect the energy use of 

the process (Q 5). However, one operator identified profitable adjustments to the sequencing of 

recipes.  For example, delaying a CIP briefly would enable the pasteuriser to attain its operating 

temperature, ready to operate immediately on completion of the CIP. The requirement for hot 

water circulation through the pasteuriser would thus be obviated.   

At site Y, it was clear that some ideas regarding ways to improve energy efficiency had been 

communicated, including the message to minimize time on water recirculation (Table 3-3, Q 6). 

The operators demonstrably understood the importance of energy saving. For example, at site B 

one operator (when asked about energy reduction) led an impromptu tour to see the location of 
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sugar which was conveyed by compressed air blowers across 2 rooms to the mixers. The operator 

pointed out that this location seemed unnecessarily remote. While this is a capital fix, not 

operational, the clear understanding of how energy can be reduced is demonstrated. 

 

 

Table 3-3 Operator Perceptions of Energy Saving 

Question 

number 

Question or prompt Selected responses 

1 Discussion following on from 

question “What do you 

monitor relating to energy?” 

“I can understand the need for the temperature on the 

outlet and the inlet… [regeneration temperature] 

what’s the use of it?”  

“It’s probably monitored but not where we can see it”.  

“This [energy use data] isn’t something we monitor, 

it’s there…it’s giving you a reading there, but how 

effective is that…” 

 

“I’ve never really been taught to monitor the energy 

side of it, I’m not sure if anyone else does neither…if 

we had the correct kit to monitor it, I think it would be 

quite easy” 

2 “Is energy mentioned in 

meetings?” 

“[there] probably is a lot of meetings about energy but 

I wouldn’t know”  

 

“the only time energy would come up is if someone 

brought it up as a continuous improvement idea”  

 

“gets mentioned every morning at review meeting, not 
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sure but I think it gets escalated at other meetings.” 

3 Operator comments on 

fouling 

“flow rate here, feed pump running here… if flow rate 

is set and pump is running at a fixed %, you can tell 

without the energy meter on there… how hard your 

pump is running… the harder your pump is running you 

can normally tell how fouled your pasteuriser is…we 

don’t really monitor that, to be fair”. 

4 Operator interest in energy 

monitoring 

 “try to reduce wastage anyway, but if I knew what 

certain machines or areas were consuming then I think 

I’d take more time to minimize energy consumption. 

I’m maybe not going to let this run for this long or I’m 

going to turn the lights off when I leave, things like 

that, if I knew that information, I’d just be a little bit 

more mindful” 

 

“I’d love to be able to see [what energy is being 

used]…that motor…it’s running but it doesn’t actually 

tell you what it’s doing…it says 10% but 10% of what?” 

5 “Can you tell me about the 

balance between controlling 

for quality and energy 

consumption” 

“I’ve got to do my job…I can’t even think of a way I 

could cut energy usage” 

 

 “ when I put a CIP on, I don’t think about anything, 

because the controls are in place to minimize wastage 

and minimize energy use, I don’t have any input on 

that, only input I have is if I have to stop one and 

restart it” 

 

“Energy is something we subconsciously consider…no 
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one is saying to me you cannot use this many kW of 

energy…though excessive use would be questioned”. 

6 Operator strategies to 

reduce energy 

“we try and minimize the runs we do, we try and 

sterilize the plant as late as possible before we start 

the run” (to minimize water recirculation time) 

 

“try to keep going so you don’t have that stopping 

thing  where you have to start motors again…” 

 

“try to minimize the number of times we stop & start 

pasteurization runs” 

Visualisation 

This section of the paper considers firstly the availability of data and secondly its presentation. 

At site Y and Z the regeneration temperature was presented to operators, but the corresponding 

heat input had not been computed and presented (equivalent to the product of mass flow rate, a 

specific heat capacity and temperature change across the regenerator – see Figure 2-9). The 

operators were unable to deduce the relationship between heat input and regenerator 

temperature (see Q 1, Table 3-3). The regenerator temperature is omitted from displays on many 

plants (including some units at site Z). 

At site B, a screen intended to provide energy data for a range of points across the process had 

never been commissioned. However the operators did question whether the single point readouts 

of kWh totals for chillers and corridor lighting would actually provide interpretable and useful 

data.  

Site Y used Aspen™ software with a trend function to view data. All operators interviewed 

independently pointed out the benefits of the Aspen™ trending screen, which can be customised 

to show traces of temperatures, pressures and flow rates from across the plant. In the event of a 

plant failure, operators could review the historic data so as to diagnose faults. The visualisation 
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was thought to make diagnosis easier (Table 3-4, Q 1). It was felt that easy user customisation was 

slightly disadvantageous as successive shifts adapted different ways of working. 

The available trending options at Site B were limited to checking the divert tests19. Asked what 

screens the operators used to monitor progress, each operator pointed out different screens, 

none seemingly optimal. One talked about how the act of recording key values on a paper log 

book helped to spot issues. Another talked about how the plant layout representations worked 

the best as all the tags could be seen at once and compared (Table 3-4, Q2). But two others found 

these types of screens too cluttered, with too many intersecting lines and little description of plant 

items and tags. It does appear that at site B, the operators are working as well as possible with less 

than perfect information. (Table 3-4, Q 2). 

 

Table 3-4 Operator views on data visualisation 

Question 

number 

Question Response 

1 Trend visualisation comments 

from site Y 

“What you’ll get from this is an early indication 

if something is going wrong”, ”it’s a really good 

indicator of what’s happening”, ”I think it’s 

brilliant myself, you can gauge exactly what’s 

going on just looking at this one screen here”, 

“it’s probably one of the most handy bits of kit 

we’ve got on site…it could be used slightly better 

though” 

 

 
 

 
19 A test performed at the start of each pasteurisation run to check that the divert valve will operate successfully if the 
temperature of pasteurisation drops below the base set-point. 
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“Each different shift has their own different 

trends”, “some people look at everything…it has 

basically no bearing on what you are doing in 

production whatever” 

2 Trend visualisation comments 

from site B 

“With these checks [noting pressures, temps 

etc.] I’ve just been through there you’d see it if 

something has risen sharply…after you’ve been 

doing it awhile you do get a sort of mental 

picture of where things should be” 

 “It is quite busy…it takes a long time to come to 

terms with what’s happening…I’ll constantly 

throughout the run, click on that screen…I 

always look at the valve position… say it was 

always at 50/55% and I saw it go up to 60% I 

know that loop’s starting to block up so I know I 

need to do something about it…” “you can 

cancel stuff out if everything is together”  

“It’s like anything really…you get used to what 

you have…I think the set-up is quite good really”. 

3.2.5 Discussion of results from phone interviews 

The subtitles in this section refer to questions posed in section 3.2.1. 

Would the information (on energy use of the process) be used?  

Energy performance information is not readily available to the operators for the pasteurisation 

units. However, at site Y energy consumption information is available for another high 

consumption part of the process; namely evaporators. Operators understood clearly that 

evaporators were the highest energy consumers. This information on energy consumption is not 

used by the operators primarily because energy consumption in general is not emphasised as a 
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priority and also the operators are not able to use the consumption information to formulate 

useful actions. The energy consumption of a piece of equipment is seen as fixed; i.e. a fixed load 

indicated in kilowatts. However the operators are aware that the consumption can be influenced 

through achieving optimum running efficiency, limiting standby, unnecessary running and idle 

baseload.  

One concludes that without communication on the need to reduce energy, information regarding 

the energy consumption of pasteurisation would not be used. However, the operators have a 

great ability to handle multiple priorities, take in many different factors and use experience to 

make judgements about process adjustments that result in product savings. Providing energy 

consumption information along alongside examples of how to interpret and use it (and 

encouragement from management) would likely be used. 

The example from site Y of how communication on the importance of water efficiency had led to 

operators including water in their list of control priorities (Table 3-2, Q5) demonstrates how it is 

possible for the same to apply to energy use. 

How would the information be used? 

Energy consumption information would primarily be used to prompt operators to look at the 

process and see if they can intervene in any way to improve efficiency or identify changes to how 

they plan the day’s work. Information may be used elsewhere in the organisation to monitor 

energy performance in a retrospective manner, but the greater need is about prompting 

immediate and dynamic action, such as spotting: 

· when the cold utility is running unnecessarily when in water circulation mode 

· when the pasteurization temperature is running at the top of the allowable range 
and could be reduced 

· Excessive time in water recirculation mode 

· the efficiency of the regenerator reducing due to fouling 

The case study highlights that once the pasteurisation unit is up and running it is only checked 

periodically. Key readings are noted every hour but otherwise the operators do not have a habit of 

checking the running, mainly due to the lack of visualised information that would highlight any 
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issue that wouldn’t otherwise trigger an alarm. Site Y does have the underlying data (regeneration 

temperature) and the trending system that would enable a trend to be set up that would allow 

operators to spot the kind of issues highlighted above. It would be a change in practice to monitor 

pasteurisation more closely during a run, however it would fit with practice relating to other 

equipment e.g. separators. 

Why hasn’t this been done already? 

As discussed in the introduction; energy consumption is being tackled enthusiastically through 

much of the dairy industry. From the interviews and ethnography it is apparent that some of the 

operators are not told that energy consumption is important. Individual knowledge of the 

importance of energy consumption is good. Although operators are not hostile to the concept of 

energy efficiency; they simply do not discuss it regularly. Certainly the energy consumption 

information currently available is not complete, coherent or presented in a useful format. 

At site Z; operators are more aware of the importance of energy reduction; though they are not 

asked explicitly to control the process for energy. Nevertheless, at the site, the energy 

consumption data on the process and necessary visualisation tools are not present. 

As discussed in section 3.2.2; it can often be the case that well intentioned energy management 

programs do not fully link up across an organisation or take a systems approach to look in detail at 

where input is needed. Verhulst and Boks (Verhulst & Boks, 2014) investigate how can 

sustainability in generic product design be improved. The study takes place in organisations in 

Belgian and Dutch firms with an internal product development process and department, these are 

not food and drink processing firms, however the point of the study is in highlighting how energy 

management initiatives can suffer from lack of “joined up” implementation. Verhulst and Boks find 

for sustainability improvements to be brought about; it is not just by tools and improved processes 

but also by management engaging with designers– an approach which their study finds has been 
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largely ignored. Verhulst and Boks identify the importance of training, followed by support from 

external and internal experts and sustainability champions20.  

On any processing site; the energy efficiency efforts can encompass investment, policy, behaviour 

and core and/or non-core plant. Investment on core plant may be seen as posing less risk to the 

process than changes to behaviour and operation. That the site should have correctly sized, 

efficient equipment is self-evident. This section explores the human factors contributing to energy 

efficient operation. A key point is that due to the high level of automation and lack of 

communication, energy efficiency is often not included in control decisions. Investment can be 

made on the plant, but the same operational challenges will remain. Operators are at the front 

line in terms of being able to identify and take action to tackle inefficient running. However, 

operators will often make decision based on a set of required outcomes without the visibility of 

the impact these actions are having on efficiency. 

To answer this question fully for these sites would require interviews with management in 

addition to operators. More generally the answers may well revert to issues uncovered in the 

literature review. Previous literature on barriers to industrial process energy efficiency is 

concentrated at this manager level and so this has not been a focus here. Energy management 

culture as set by management is vital and the company engaged in this study has a very positive 

attitude; hence the willingness to participate. The focus of this study is on what is happening at 

control room level. 

The interviews and ethnography uncovered no obvious barriers to presenting real time 

information on energy consumption over and above it requiring additional metering in some 

situations. The lack of metering is not an inconsequential point; however it is a well-covered issue 

in the field of energy efficiency and not a focus for investigation in this paper. It is also worth 

 
 

 
20 A sustainability champion role would typically be someone within the organisation who already had a passion for 
sustainability and can help convince others of the importance of sustainability from within the different levels of the 
organisation.  
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noting that many actions that improve the efficiency of the process, such as spotting high 

pasteurisation temperatures or when the cold utility is running unnecessarily in water circulation 

mode can be identified from existing monitoring data. 

What form of information would be most helpful? 

For site Y using the Aspen™ trending software; the interviewees independently highlighted the 

software as being most useful in helping them gain an understanding of what was happening in 

the process.  The operators use the software to set up trend screens for any element of the 

process. They can add on as many or few traces as they wish. In interpreting the level, slope, 

disruption, interaction of, and changes to the different trends, they are able to see what has 

happened recently in the process, if it is still operating smoothly, and anticipate issues that may 

arise. They can then make manual interventions to the process to keep it on track.  

As discussed in the literature review (section 3.2.2) trend views do give an operator a sense of how 

a process is changing over time and so they can pick out deviations from normal and also identify 

potential causes.  In addition to trends, examples of useful interventions and any subsequent 

impacts the intervention might have would be very useful. 

What are the issues regarding implementation and use? 

For the site already using Aspen™ trending functionality, implementation of visualisation options 

would be straightforward as the existing software would allow a custom trace to be created 

relating to pasteurisation and energy.  

The implementation issues arising are more likely to be around creating the supporting narrative 

of why it might be useful to save energy. Also providing a shortcut to experience with examples of 

how to interpret and use the information with concrete actions. The difficulty is being sure that 

the actions proposed do not have a negative effect on any of the other priorities for the process: 

product quality and product losses. The more priorities that are being juggled; the harder it is to 

make decisions that benefit them all. However at the current time; energy isn’t on the list of 

priorities to be juggled so being the lowest on the list would still be an improvement.  
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Scale of the potential impact  

The ultimate aim of this work is to enable operators to control and intervene in the pasteurisation 

process in a way that minimises energy consumption.  

The Carbon Trust Accelerator report for Dairies (Carbon Trust, 2010) identifies influencing factors 

on the energy used in pasteurisation as: 

· key set point temperatures e.g. input, pasteurisation temperature and output 
temperature 

· efficiency of the regeneration section 

· non-useful running (plant is in pasteurisation mode, but the output is 
limited/compromised i.e. by low feed volumes) 

· design and commissioning factors such as plate area and number of heat exchange stages 

The Carbon Trust Industrial Accelerator Guide (Carbon Trust, 2010) addresses the area of impact 

of inefficient running of dairy processing equipment; in particular pasteurisation. The guide 

highlights data from 3 sites studied where time spent in excess water circulation (i.e. greater than 

10 minutes duration) was responsible for increasing the specific pasteurisation CO2e by between 

16 and 18%. Further data within the report shows how the specific pasteurisation CO2e is also 

heavily influenced by the regeneration efficiency. The report gives an example of two sites, one 

with a regenerator efficiency of 93% and specific CO2e of 2.5kgCO2e/m3 and one with regenerator 

efficiency of 88% and specific CO2e of 3.55kgCO2e/m3. Spotting reduced efficiency of regeneration 

can lead to significant CO2e and financial savings. Again the Carbon Trust guide contains relevant 

quantification, pointing out that an increase of 1% in regeneration efficiency can lead to an 

average saving of 0.2kgCO2e/m3 and for a site processing 350,000m3 p.a. this would be 

approximately £10,100 annual saving for every 1%.  

Clearly identifying and quickly remedying falling regeneration efficiency can lead to energy 

savings; as can identification of occasions when the pasteurisation unit is not operating as it 

should. Examples from our experience include: plant left in water recirculation mode for longer 

than necessary, attempting to pasteurise at low or erratic flow rates, and water recirculation at 

too high a temperature (i.e. greater than pasteurisation temperature).  With the monitoring data 
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currently available; these issues can be very hard to detect from routine hourly checks where key 

temperatures are recorded. 

This work focused on dairy pasteurisation as an example of a “black box” with regard to energy 

consumption, but the application is not limited to dairy pasteurisation. As pointed out in the 

Carbon Trust Industrial Accelerator Guide (Carbon Trust, 2010); pasteurisation is common to all 

dairy processing sites and so opportunities for savings could potentially be replicated across the 

industry. Pasteurisation is used in numerous food and drink processes and in addition there are 

many other process elements that could be described as a “black box” in that the energy 

consumption is notable, control interventions are necessary, yet limited data on energy 

consumption is available. Examples include Clean In Place (CIP) operations, spray dryers and 

evaporators. The operator role will be similar across the dairy and wider food and drink industry 

and therefore the potential to apply the findings. Further research would be worthwhile to 

investigate the possible similarities in operator role across other food and drink industries. 

 

Summary of main observations 

To summarise the main observations:  

Communication on energy use is happening at site B, and noticed by operators (this is not the case 

at all sites). Operators said that energy was talked about in daily meetings. 

Information (e.g. via SCADA) relating to the energy use of the plant, is not provided to operators. 

There is very limited information that the operators can easily use to interpret the efficiency of 

plant in order to make interventions. 

In general, the operators didn’t consider energy use of the plant as something they could control 

or influence. They are unable to edit routines, but have considerable autonomy in how they 

schedule and manage when those routines run. The scheduling and management choices have an 

impact on energy consumption of the process. 
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Operators demonstrated very good understanding of factors affecting energy use (pointing out 

capital fixes such as moving the sugar input closer to mixing tanks and ways to interpret the 

operation of the plant that would indicate inefficient operation e.g. filter clogging and increasing 

pressures). At site Y; operators knew that they should try and reduce water recirculation time and 

incorporated that into their planning. Operators at site Y took active steps to reduce water 

consumption (such as careful scheduling of washing operations), as it was a priority that had been 

communicated to them. 

A number of the operators felt that with better information on the efficiency of the plant, that 

there were bound to be actions they could take during running of the plant. No specific actions 

were identified. 

The job that the operators do involves balancing multiple priorities and uses a great degree of skill. 

A variety of control priorities were mentioned as things that the operators take into account when 

planning how they are going to achieve their required volume targets: cost in general, product 

loss, water minimisation, chemical use minimisation, time, and understanding of pinch points 

along with the quality and health & safety requirements they must meet.  

The operators learn how to do this complex scheduling task through experience and 

communication with one another. 

Site Y used the Aspen™ trending software which was highly praised by all interviewed as a good 

way to visualise plant operations. The trend view shows how the parameters are changing; are 

temperatures and pressures increasing or decreasing? Is the process stable? The trends give a 

greater context for interpretation than a single spot reading. 

At site B operators had mixed feelings about the SCADA screens (some negative, some neutral), 

there was no consistent view on what was the best presented information. 
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3.2.6 Conclusion 

The operator is central to control of the process and is involved in planning and scheduling 

product runs, the operator directs and monitors all process runs and deals with changes, faults 

and emergencies. The barriers to operators controlling for energy reduction are: lack of data, lack 

of directive from management and information not being easily digestible in the time and 

constraints of the role. 

We observed that operators have an important potential role to play in controlling processes for 

energy efficiency. The operators are at the frontline, and are able to allow for energy reduction in 

scheduling decisions and in dealing with unexpected issues. They also have detailed knowledge of 

the process and are well placed to spot potential energy improvements and beneficial energy 

related projects. Nevertheless, on the sites studied, from organisations declaring a progressive 

policy towards reducing energy; the operators cannot utilise fully their potential to save energy as 

they are not typically considering and looking for the issues listed in 3.2.5 such as low regeneration 

efficiency or cold utility running in water recirculation mode. Aggravating factors include a lack of 

communication regarding the importance of energy reduction, insufficient monitoring of data, and 

lack of appropriate visualisation of the available data. As set out in section 3.2.5 and 3.2.6 operators 

were observed to be capable of interpreting data, making decisions and problem solving to account 

for numerous site priorities. They were given the autonomy to intervene in the process. Therefore 

if given the data relating to energy consumption the operators do appear to have the necessary 

skills and autonomy to utilise that data to reduce energy consumption of the process. As 

demonstrated by the Carbon Trust (Carbon Trust, 2010) the gap between best and worst 

performance in liquid milk processing is a factor of 10. And as set out in section 3.2.5, there are 

significant cost savings possible from action such as improving regenerator efficiency and reducing 

unnecessary water recirculation time. 

It is important to present energy consumption data to operators, and to communicate to them the 

need to save energy.  From the viewpoint of operators; pasteurisation plants can appear as a black 

box; in that some inputs and outputs are known, but the energy consumption proper is hidden 

from view. Nevertheless, even when the energy consumption information is presented (such as in 
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the case of the evaporators) the attempt to control energy is not always made. This is due to lack 

of emphasis on the need to save energy from management and site culture; rather than to any 

innate difficulty that the operators might experience in doing so. The conclusion that 

communication and information provision are important to motivate process energy reduction 

behaviours back up well established energy management principles (Smith, 2013). These observed 

difficulties in controlling pasteurisation for energy efficiency might well extend to other types of 

plant. 

The use of ethnography and semi-structured interview reveals that the operators have the skills to 

manage a variety of priorities and build them into their choices regarding how they schedule the 

running of the plant and when they intervene. The operators use building blocks of standard 

routines and are well versed in adapting the schedule in order to control for other priorities such 

as time saving, water reduction or product loss.  

As discussed in the literature review (section 3.2.2), Verhulst and Boks (Verhulst & Boks, 2014) 

study human factors relating to the implementation of sustainable design practices and find issues 

to be: resistance to change, internal communications, empowerment and organisational culture. If 

we assume the issues affecting change in this environment may be similar it could also be hoped 

that the level of empowerment or autonomy that the operators experience is a positive factor, as 

is the existing organisational culture. We find that the change in practice would be minor given 

that the operators are already used to factoring site priorities into control decisions. All that 

remains is effective internal communication. 

The starting point of this study was to understand the human factors in pasteurisation process 

control for energy and understand “why is controlling for energy efficiency within pasteurisation 

so difficult?” Our starting hypothesis was that contributing factors were: 

· Lack of data on energy consumption 

· Poor visualisation of energy data 

· Low level of autonomy of the operator 

· Conflicting control priorities  
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· Energy not communicated as a priority 

We find that lack of autonomy and conflicting control priorities are not problematic but that lack 

of data, poor visualisation and communication do contribute to processes like pasteurisation (high 

energy demand and significant complexity in operation) not being controlled for energy reduction. 

That these issues are present on sites from a company that considers itself to have a progressive 

energy policy points to a further issue of lack of holistic or systems approach to tackling energy 

consumption on this type of process and site.  

It is recommended that to facilitate energy reduction operators should be given: 

Communication regarding the importance of reducing energy 

Information in real time regarding the efficiency of the plant, ideally using a trended view showing 

changes over time. Also beneficial would be the chance to discuss and share what opportunities 

they identified. 

Information regarding the type of standard actions they could implement and look out for, e.g. 

similar to the advice to minimise water recirculation time. The identification of typical actions and 

interventions that can improve efficiency should be the subject of further work in this area. 

3.3 Chapter 3 contribution to knowledge 

A published paper identifying the important potential role of operators in controlling processes for 

energy efficiency: “Human Factors in Dairy Industry Process Control for Energy Reduction”. If 

operators are given the task of reducing energy consumption, and provided with data on the 

energy use of the process; they have the skills and autonomy to achieve that task. Ethnography 

used in the field of industrial process control is new. 
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4. What problems are going unseen and what savings can be 

made?  

The real time data can reveal hidden issues such as deterioration (or not) due to fouling - informing 
the need to clean. Other problems occur such as the plant operating too long in standby or 
circulation modes that affect the plant efficiency or an incorrect or inefficient temperature setting. 
Some problems require a fix (capital or otherwise) such as insufficient recovered water. Some 
issues can be uncovered through scanning the data “by-eye”; for some issues computer analysis is 
more appropriate using techniques such as machine learning21. 

This chapter begins with a recap of the work from the previous chapters so as to understand the 

context for the technical investigations. We then present the analysis work undertaken at two 

client sites relating to pasteurisation efficiency including identifying issues that can impact 

efficiency. This section forms the more technically focussed elements of investigation, where we 

are concerned with the processing equipment and it’s inefficiencies in operation. Savings of more 

than £150k are identified within this section. We conclude the section by discussing the issues 

surrounding how operators may interact with this information (linking the work back to that in 

chapter 3 on human factors).  

4.1 Recap and Introduction 

So far in the study process we have explored the problem at a systems level; trying to take our 

investigations wider than just “what is the technical problem that we think needs fixing?”  We 

have presented the idea of a black box process as one which is a large energy user, but where the 

energy use data is not readily available (for a variety of reasons e.g. lack of monitoring, lack of 

motivation)(section 1.2). We have considered the imperative for carbon and energy reductions, 

 
 

 
21 Table 1-3 
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and why we are focusing on energy reduction in dairy processing (section 1.3).  We have used 

systems tools (section 2.1) to come up with a root definition for the project: 

A Verco owned system to work with clients in the food and drink industry to make black box 

processes understandable and controllable with regards to energy and provide clients who are 

running high energy consuming plant with knowledge of where savings could be made in order 

that site CO2 emissions and energy costs are reduced. 

We have asked which processes (the black boxes) specifically might be worthy of attention; 

coming up with pasteurisation as a prime candidate (section 2.3). We have used this information 

to develop our research questions and structure as shown in Figure 2-3.  

In section 2.4 we reviewed the current state of pasteurisation process monitoring using semi-

structured phone interviews with sites from three leading UK dairy companies. This gave us insight 

into how sites were falling into one of three categories: 

• Category 1: Those that undertake no monitoring or review of pasteurisation units 

(including plant with insufficient instrumentation) 

• Category 2: Those that undertake periodic review of pasteurisation units 

• Category 3: Those with regular monitoring and review of pasteurisation units  

The majority were identified as category 1. We also gained insight into reporting methods and 

how the experience of receiving support from manufacturers and suppliers on energy reduction 

was patchy at best. From this point we moved to review the human factors with an ethnographic 

study undertaken in control rooms from several different sites (chapter 3). From this work we 

understood much better the important role that operators are able to play in energy reduction. 

How they have the skills, autonomy and ability to balance priorities. But it was also clear that 

there was a separation between the operators and engineers when it came to energy. Policies, 

reporting mechanisms and projects sit at the engineering and manager level; while often the 

operators are not engaged in discussions on energy despite being ideally placed to spot issues and 

deal with many of them. 
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At this point in the work it is now appropriate to dive into the technical element of the problem; 

reviewing the data that is available to understand what (if any) energy reduction opportunities are 

being missed due to the black box nature of processes such as pasteurisation.  We want to 

understand the potential savings; how these issues could best be identified and whether it is 

realistic to expect the sites to take action on these opportunities. Having explored the human 

element in the previous chapter; we conclude this chapter with an exploration of the uses of and 

potential for machine learning as an alternative to reliance on the “eye of the operator”. 

4.2 What happens when no one is looking?  

4.2.1 Method for pasteurisation data collection and analysis 

In this section we review data from production sites to understand what happens with regards to 

energy in the process and understand if there are unobserved issues & events impacting on energy 

use. 

Access was gained to two dairy production sites in two different client companies. Two weeks’ 

worth of data was collected from the SCADA system for pasteurisation units at each site. For some 

units several different two week periods of data were collected. The data collected included 

temperature, flow and pressure data along with relevant SCADA commands and valve position 

flags (the data request document is included as appendix E). For two pasteurisation units 

temporary data loggers were used to collect temperature data for the same time period (see 

appendix F for calibration information). From the data; additional calculated fields such as heat 

transfer and efficiencies were created. Charts were created which were then carefully examined 

by eye to look for any anomalies and events that impacted efficiency. Section 4.2 provides detail 

on this process and presents the issues that were spotted.  

The data was viewed in a mathematical software package. A time series graph of all the relevant 

tag data and calculated fields was created. The data are collected at one minute interval readings 

(10 seconds for site Y), and joined to show a continuous trace for each data source. The graph was 

created to be similar to that which could be created in software available in the control rooms 
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visited (Figure 4-1). Both our version and the control room software give the facility for 

deselecting and selecting traces (in order to make the screen less cluttered or to add extra detail 

for comparison and understanding links in the data). Both our version and the control room 

software allow zooming in and out of a section of the graph. We were viewing approximately two 

weeks’ worth of data at any one time, but had far more time available to scroll back and forwards 

and linger on any issue of interest. The operator would be viewing the data in real time; with a 

greater degree of time pressure and competing tasks. Section 3.2 gives some indication that the 

operator would have the skill and experience to spot similar issues. This is further discussed in 

chapter 5. 

 

Figure 4-1 control room software visualisation of data 

 

The events and issues spotted were discussed with operators for clarification; outcomes of these 

discussions are included in section 4.2.3. The process of quantification, discussion and 

categorisation is outlined in Figure 4-2. The top line of activities including data collection, creation 

of time series trends, visual inspection, quantification of incidents and creation of a presentation 

was undertaken by the author. The presentation took place with operators and managers and 
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from there the categorisations of the incidents were down to the site staff experience and 

understanding of the issue. 

 

 

 

Figure 4-2 Process of spotting issues, analysing, presenting and categorising issues occurring in the pasteurisation units. 

Process of spotting issues, analysing, presenting and categorising issues occurring in the 
pasteurisation units. 

Standard assumptions were used in converting kWh information on energy consumption in the 

plant into a figure for cost of that energy: 

For hot water use in the plant; on all sites studied this is converted from steam generated onsite 

in gas fired boiler plant. We assume that the boiler plant operates at an efficiency of 80% (Carbon 

Trust, 2012). Each kWh of gas into the boiler is converted into 0.8 kWh of heat energy and 0.2 kWh 

of losses.  We also assume a cost of gas of 2p/kWh22.  

 
 

 
22 https://ec.europa.eu/eurostat/tgm/refreshTableAction.do?tab=table&plugin=1&pcode=ten00118&language=en 
2017 figures for UK Medium size industries 

https://ec.europa.eu/eurostat/tgm/refreshTableAction.do?tab=table&plugin=1&pcode=ten00118&language=en
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As an example: an identified heat use or loss of A kWh equates to the following cost £B: 

𝐴 𝑘𝑊ℎ

0.8
×

£ 0.02

𝑘𝑊ℎ 
= £𝐵  

Cold water use in the plant, on all sites studied is produced from on-site chiller plant. We assume 

that the chiller plant has a Coefficient Of Performance (COP) of 3.523. Each kWh of electricity into 

the chiller plant will generate 3.5kWh of cooling. We assume an electricity cost of 8p/kWh24. An 

identified cooling loss or use of C kWh equates to the following cost £D: 

𝐶 𝑘𝑊ℎ

3.5
 ×

£ 0.08

𝑘𝑊ℎ
= £𝐷 

4.2.2 Site and plant descriptions 

Three pasteurisation plants from two different sites (Y and Z) were studied. In this section we 

provide an overview of the plants and then in section 4.2.3 present each observed issue shown in 

boxes 1 to 20.  

Site Y  

Site Y has two plate pasteurisation units that process cream. The newer unit (P2) has regeneration 

temperature monitoring as shown in the layout diagram Figure 4-3. We had access to all SCADA 

data for the units; from which we could highlight required data points. We requested 123 data 

points of interest covering the two pasteurisation units, the supply tanks and the output tanks.  

We were provided with 2 weeks’ worth of data, including flows, temperatures, pressures and 

system status data from the SCADA system. The data sampling was 10 second frequency for site Y. 

Due to missing data on the older unit (P1); we focused our investigations on the newer 

pasteurisation unit. The following features of interest were identified in the data: 

 
 

 
23 https://www.cibsejournal.com/cpd/modules/2009-03/ 

24https://ec.europa.eu/eurostat/tgm/refreshTableAction.do;jsessionid=WQqRrT7Tr52pegEMLkRbzxl41xF7lpbCyntAF0
4kOLam2oGTNTqI!198186973?tab=table&plugin=1&pcode=ten00117&language=en 2017 figures for UK Medium size 
industries 

https://ec.europa.eu/eurostat/tgm/refreshTableAction.do;jsessionid=WQqRrT7Tr52pegEMLkRbzxl41xF7lpbCyntAF04kOLam2oGTNTqI!198186973?tab=table&plugin=1&pcode=ten00117&language=en
https://ec.europa.eu/eurostat/tgm/refreshTableAction.do;jsessionid=WQqRrT7Tr52pegEMLkRbzxl41xF7lpbCyntAF04kOLam2oGTNTqI!198186973?tab=table&plugin=1&pcode=ten00117&language=en
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Issue 1. Unsteady pasteurisation temperature for 30 minutes  

Issue 2. Drop in pasteurisation temperature for 2.5hrs, mid-run  

Issue 3. Pasteurisation starts at 85degC but rises to 90degC. Output temperature of 

product remains at 6degC  

Issue 4. Significant step change in flow rate and impacts  

Issue 5. Noticeable dip in regenerator efficiency and temperature at the end of a run  

Issue 6. Deterioration in efficiency from start of run to end (excessive silo changes).  

With reference to Figure 4-2, issues 3 and 6 were classified as unknown and avoidable with none 

being known and avoidable. For avoidable issues; being able to detect their occurrence going 

forward could have positive benefit to the site.  

Issues 1 and 5 were classified as unknown and unavoidable with 2, and issue 4 classified as known 

and unavoidable. These were events that the site had stated had to occur in order to achieve 

other process objectives. However, being more aware of their occurrence and better 

understanding of the issue could lead to mitigation actions. Issues 1 and 3 may appear as though 

they could have affected product safety and quality, nevertheless the system was always within 

acceptable bounds for pasteurisation temperature. The control system is set to divert product 

away from the finished product tank should there be a problem with pasteurisation temperature. 

In comparison to events found at site Z; events at site Y tended more towards being seen as 

unavoidable by staff; this was a site where general efficiency of the process seemed to be in a fair 

state. For this site, there were a number of events analysed where it became clear (during later 

discussion with operators) that we had not understood the causes of the visual signals we were 

picking up as requiring attention. An important example would be issue 5; where we assumed flow 

disruptions were causing a reduction in efficiency. In reality the flow disruptions observed were 

tank changes; where small changes in the specification of the cream in each tank and the recipe 

used was responsible for changes in efficiency. Pasteurisation unit P2 was 8 years old and the 
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newer unit on the site; this could also have contributed to its better performance. This was the 

first site studied, and findings and learning here helped shape questioning at site Z. 

The issues listed above were discussed with a combination of operators, team leaders and 

management. Further detail of these events is included in section 4.2.3. 

 

Figure 4-3 Site Y Pasteurisation Unit (P2) 

Site Z, P7 

Site Z has 6 pasteurisation units: P1&P2, P4, P5&P6, P7. Four of the units operate in pairs such that 

P5 & P6 always run together (as do P1 & P2) and could be considered as two halves of one unit.  

We began with a review of what data was available on SCADA and which units had temperature 

monitoring on the regeneration units. The units were investigated in stages; with access being 

provided to the site to add in temporary data loggers where necessary and data from SCADA 

provided. 

Unit P7 is a UHT (Ultra High Temperature) pasteurisation unit that pasteurises various yoghurt 

recipes.  While the unit has a UHT section it is not typically used for UHT purposes and only one of 
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the UHT section heat exchangers is used to bring the pasteurisation temperature up to 

approximately 95°C (dependant on recipe). The configuration of P7 is shown in Figure 4-4. 

  

Figure 4-4 Layout and process flow diagram of pasteurisation unit P7 at site Z.  

The analysis has been possible on P7 due to the presence of temperature monitoring on the 

regeneration sections (e.g. TRWCSOut). P7 therefore required no additional dataloggers. All data 

was extracted from SCADA. Some fields were calculated such as heat transfers and efficiencies. 

Two weeks’ worth of data was collected with a sampling interval of 1 minute. 

From a “by eye” review of the data the identified issues were as follows: 

Issue 7.   Poor regeneration efficiency in general  

Issue 8.   Apparent regeneration efficiency and the Recovered Water circuit  

Issue 9.   Excessive water recirculation time  

Issue 10. Water recirculation temperature higher than necessary 
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Issue 11. Potential to improve product scheduling  

Issue 12. Run time and stabilisation of the system  

Issue 13. Apparent flow during shutdown  

Issue 14. Difference in heat transfer across R2 

The detail of these issues is included in section 4.2.3. 

Issues 7, 8, 12, 13 and 14 were classified as unknown and avoidable (as per Figure 4-2). By making 

the occurrence of these more visible they could be avoided in future.  Events 9, 10 and 11 were 

classified as known and avoidable although event 11 is unlikely to be acted on by the site. 

Similarly, having more detail of the energy impact of these events could have a positive effect on 

increasing the likelihood of action being taken. 

Site Z was a source of rather more avoidable events than site Y, and of those, the potential savings 

at site Z was much greater. P7 in particular had significantly lower regeneration efficiency than 

might be expected due to both general design of the unit and also an issue with the recovered 

water circuit. The annual cost savings potential from this issue alone was £70-80k. P7 was 15yrs 

old and had not been investigated for energy (nor had any of the pasteurisers) since installation. 

At site Y; a heat mapping study a few years previously to our work had identified some potential 

actions that had been instigated; resulting in a generally better energy performance for the plant.  

A particular difference that P7 had (in comparison to site Y P2 and site Z P5&6) was the ever 

changing product specification. P7 processed different yoghurt recipes each run; the specification 

of each causing noticeable differences in heat transfer characteristics. This caused some difficulty 

in assessing fouling issues and is discussed in section 4.5. 
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Site Z, P5/6 

 

Figure 4-5 Layout and process flow diagram of pasteurisation units P5 & P6 at site Z 

P5 and P6 are two pasteurisation units; they always run in tandem such that they both pasteurise 

at the same time; each taking either the skim or cream element of just separated raw milk. In 

normal operation they are only used for raw milk intake; which enters via the separator. From the 

separator; cream goes to P6 and skim to P5. While P6 does have a quadruple heat exchanger 

system on the cooling section, and P5’s regeneration unit comes before the separator; both units 

can be simplified as a simple 3 plate heat exchanger system such as that in Figure 2-9. 

Where the individual heat exchangers are discussed; they are referred to as PHE1 (plate heat 

exchanger) etc. as per the numbering shown in Figure 4-5. Note that on Figure 4-5 PHE1 on P6 is 

not the same as PHE1 on P5.  
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Unit P5 has sufficient temperature monitoring to work out the regeneration heat transfer and heat 

transfer from the hot and cold sections. Unit P6 does not have sufficient temperature monitoring; 

therefore data loggers were added at the points shown on Figure 4-5 with orange stars (the green 

star was a calibration point). This does make calculations regarding the cold section for P6 

potentially prone to error; given the lower accuracy of data loggers than installed temperature 

monitoring points.  However the regeneration efficiency can be calculated based on the hot 

section; where only one data logger affects the calculation (PHE3). Calibration information for the 

data loggers is included in appendix F. The stated accuracy for the dataloggers is ±2°C excluding 

the error of the thermocouple pad25. Calibration experiment 6 demonstrated that the dataloggers 

were recording within this accuracy range. The thermocouple pad added a potential 3.5°C of error 

and one pad was seen to be faulty.  

Data loggers were added to P5&P6 collecting data at one-minute-intervals for a period of 22 days; 

data from SCADA was collected for the same period. Missing temperatures, heat transfers and 

efficiencies have been calculated. The data was reviewed; the items of interest are: 

Issue 15. Deterioration in P6 regeneration efficiency  

Issue 16. Difference in P6 cold section heat exchanger performance 

Issue 17. P5 regeneration efficiency  

Issue 18. Hot and cold water flow following CIP (flush circulation)  

Issue 19. Flush circulation and production, conflicting codes  

Issue 20. Time and heat transfer in water and product recirculation  

 
 

 
25 https://assets.omega.com/manuals/M4825.pdf 
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Events 18 and 20 are categorised as known and avoidable; the rest unknown and avoidable. With 

all these avoidable events; knowing more about when they occur and what their energy impact is 

can lead to positive action on sites to avoid them. 

As with P7, the P5&6 events were all avoidable. This is in contrast to events spotted at site Y and is 

again most likely to do with the level of energy related attention received during their lifespan. 

P5&6 are 10 years old; similar to the other units. They will have had refurbishments over their life 

such as replacement of plates in the plate heat exchangers.  

The details of these issues are included in section 4.2.3. 

 

4.2.3 Issues observed from Site Data 

The data is presented in a standardised way for each issue. Firstly an example view of the data is 

provided such that the observed anomalies in patterns that led to the issue being spotted can be 

seen. Some of the issues are one-off events; some occur multiple times in the data; some are 

issues that affect the whole run period (such as efficiency). Secondly “Key data” as extracted or 

calculated is provided in table form followed thirdly by further discussion (“Analysis and 

Observations”) of what was observed and our interpretation of that issue. Fourthly the “Response 

from the Operator” consists of the feedback we received from the operator and management staff 

when they were presented with the issue details and analysis. This feedback includes clarification 

of operating conditions; these have been kept within the “response from the operator” in order to 

highlight some of the human issues in communication when interpreting plant data. The 

information in this section keeps faith with the flow of conversation and unfolding of events in the 

control room and has not been edited to give the most straightforward sequence of arguments 

and propositions. Each issue is completed with a “Summary” section to extract the salient 

conclusions.  

The details of the issues are provided for interest and completeness, but the reader can skip to 

section 4.2.4, if preferred, for the summary of findings. 
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Issue 1. Site Y, P2. Unsteady Pasteurisation temperature for 30 minutes 

 

Figure 4-6 Unsteady pasteurisation temperature observed on P2, site Y, starting after 9am (See Figure 4-3 for plant diagram) 

Table 4-1 key data relating to issue 1  

Item Value Units Comment 

Mean value heat transfer HW (hot 

water) during event 

147.2 kW  

Mean value heat transfer CW (cold 

water) during event 

110.7 kW  

Mean value heat transfer HW (hot 

water) during normal operation 

259.4 kW Difference in mean value for HE1 = 112 

kW (more in normal operation) 

Mean value heat transfer CW (cold 

water) during normal operation 

223.9 kW Difference in mean value for HE2 =113 

kW (more in normal operation) 

Product flow during event 19800 l/hr  

Product flow during normal operation 20000 l/hr Typical set point 

 
Analysis and observations:  

The identified event occurred on Sunday 1st May from 9am to 9.40am approximately. It was 
spotted by visual inspection (as with all these events) because the pattern for a number of traces 
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in particular the hot water valve (see Figure 4-6) was different in shape to typical pasteurisation or 
CIP. The time series graph in Figure 4-6 begins with the process in pasteurisation. Pasteurisation 
can be identified primarily from the flat pasteurisation temperature of approximately 90°C (for 
this site). To the far right of the graph can be seen what looks like a chaotic section (from about 
9.50am), in fact it is not chaotic, but characteristic of the rapid changes in flow and temperature 
and fluid that occurs in CIP (Clean In Place).  The event of interest occurs just before CIP. During 
the event the flow fluctuates by 4% from its mean value. 
 

The regeneration temperature and calculated efficiency trace trend up noticeably. This suggests 
an improvement in performance which is counter intuitive.  “HW” is used to annotate the hot 
water heat exchanger; fed by steam from the central boiler. “CW” is the notation used for the 
cooling heating exchanger; fed by cold water from the chiller plant. The heat and cooling being 
drawn (the kWhperLHW and kWHperLCW trace) reduce significantly over this period. The mean 
values of the hot and cold water are shown in the key data section above. Pasteurisation was 
occurring (with the temperature fluctuating between 92°C and 89°C). 
 

The explanation for the improvement in efficiency is not clear. It does seem to be efficient 
operation; despite looking the opposite on first glance. 

Response from operators:  

The unsteady flow could result from the end of emptying a tank. The source of cream switches to 
another tank at the start of this period. The flow disruption indicates where the tank switch 
happens. 

The product specification has changed to recovered cream. Recovered cream has more water – it 
is 20% fat rather than 40% as for normal cream. The exact percentage is not clear, but recovered 
cream certainly doesn’t contain 40% fat, unless something has gone wrong. Recovered cream is 
that which has been flushed out from the system so includes all the flushing water. This change in 
cream percentage would have changed the heat transfer coefficient. The lower the fat content, 
the higher the thermal conductivity or heat transfer coefficient (Martin & Montes, 1977). 

Summary: 

We identified a period of apparent unsteady pasteurisation temperature possibly caused by the 
emptying of a tank of recovered cream. The efficiency improvement is most likely due to the lower 
fat % of the recovered cream. Prior to our analysis of the data the effects (on efficiency and 
pasteurisation temperature) of this type of event would have been unknown to the operator, but 
are deemed unavoidable. 

  

  



143 
 

Issue 2. Site Y, P2. Drop in pasteurisation temperature for 2.5hrs 

 

Figure 4-7 Drop in pasteurisation temperature, site Y 

Table 4-2 key data relating to issue 2 

Item Value Units Comment 

Mean product flow during event 20497 l/hr  

Mean value heat transfer HW (hot water) during event 271 kW 0.0132kWh/L 

Mean value heat transfer CW (cold water) during event 302 kW  

Mean product flow during normal operation 19999 l/hr  

Mean value heat transfer HW (hot water) normal operation 266 kW 0.0112kWh/L 

Mean value heat transfer CW (cold water) normal operation 224 kW  

 
Analysis and observations:  

This event occurs on Monday 2nd May at approximately 2pm to 5pm. The drop in pasteurisation 
temperature lasts 152 minutes; the pasteurisation temperature drops from 90°C to 85°C and is 
then steady at 85°C. The cold output product temperature also falls for this time from 6°C to 3°C; 
suggesting greater input of cooling water than required. The temperature after regeneration falls 
from 77°C to 73°C. The dip in pasteurisation temp and output temperature seen (85°C and 3°C 
respectively) is part of the recipe for cream despatch. The pasteurisation unit is purged but not 
stopped, and a new set point is used. No CIP is required. When first spotted we were not aware 
that this drop in temperature was procedure. 
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Working from the values in Table 4-2 above the cold water demand is 78kW greater during the 
event. This results in a £1.78 per hour costi to lower the output temperature of the product by 3°C. 
 

We spotted this dip fairly easily as the pasteurisation temperature is held so constant that any 
deviation becomes quite distinct when scanning through the data.  

Response from operators:  

They were not entirely sure why for this event pasteurisation was at 85°C. But for cream despatch; 
cream is pasteurised and then sent to another site where it will be reprocessed (e.g. into flavoured 
cream) and it will be re-pasteurised. The cream has to be sent out immediately for despatch, a 
lower output temperature for the product is required. 

Cream received from other sites has also been pasteurised; it was discussed how the same unit of 
product can be pasteurised multiple times. A question was raised with the site as to whether some 
of the multiple pasteurisation was unnecessary. Cream used on site in further processes is 
pasteurised at 90°C. But if it is sent out “cream despatch” it’s done at 85°C. 

Summary: 

The cream pasteurisation temperature and output temperature are reduced as part of a recipe for 
“cream despatch”; as such the occurrence of this type of event is known and unavoidable. 
However, the identification of this issue led to a useful site based discussion regarding the 
possibility of reducing pasteurisation temperatures and that pasteurisation and re-pasteurisation 
occurs possibly unnecessarily. 

 

  



145 
 

 

Issue 3. Site Y, P2. Run starts at 85degC and rises to 90degC – product output temperature stays 
normal throughout (approx. 30 mins) 

 

Figure 4-8 change in pasteurisation temperature (product temperature) cold utility unaffected, site Y 

Table 4-3 key data relating to issue 3 

Item Value Units Comment 

Mean value heat transfer HW (hot water) during event 84 kW  

Mean value heat transfer CW (cold water) during event 54 kW  

Mean value heat transfer HW (hot water) normal operation 246 kW  

Mean value heat transfer CW (cold water) normal operation 210 kW  

Hot water (HW) saving during event 162 kW  equivalent to 
£4/hr ii 

Cold water (CW) saving during event 156 kW equivalent to 
£3.60/hr i 

 

Analysis and observations:  

This event occurs on Sunday 8th May; approximately 7am to 8am. This event is similar to the 
previous, however, this time both the cold utility and hot utility are lower so the combined saving 
is close to £7.60/hr. The reduced pasteurisation temperature means that less hot water and less 
cold water are required to cool the product back to 6°C. 
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This event only happens for 30 minutes but if it was maintained for a 16hr run it would result in 
savings of £121. For a whole year (24-7 operation) that is £60-70k. 

Response from operator:  

The operators felt that the run had been started off with the wrong recipe. They presumed that 
after a short time; someone had noticed and made a change. 

76°C is the lowest acceptable temperature for pasteurisation of this product (cream), but on 
pasteurisation divert tests the system usually diverts at 79°C. A divert test is undertaken at the 
start of each pasteurisation run. It is run using heated water and checks that valves will correctly 
divert the flow of product back to be re-pasteurised if the pasteurisation temperature falls below a 
safe level.   

For this event the set point gets changed back to 90°C by the operator. The operator can change 
the set point. To change the recipe they would need to stop the process. But the set point can be 
changed without stopping the process. Shift changeover would have been at 7am. The operator 
from the new shift would have checked in with what was happening and changed the set point. 

Summary: 

The event identified here combined a lower pasteurisation temperature with normal output 
temperature (in contrast to issue 2 having lower output temperature). This was most likely an 
error in recipe. The occurrence of this event was unknown in as much as it was an unplanned 
error. It is avoidable. The operator at the time did spot and rectify it mid-run. As the pasteurisation 
temperature always remains above the divert temperature of 76°C (minimum acceptable 
pasteurisation temperature), there is no risk to product safety. The issue highlighted the potential 
savings from reduction of pasteurisation temperature.  
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Issue 4. Site Y, P2. Significant step change in flow rate 

 

Figure 4-9 significant increase in flow, site Y 

Table 4-4 key data relating to issue 4 

Item Value Units Comment 

Flow during event 29880 l/hr 50% greater than set point 

Mean value heat transfer HW (hot water) 
during event 

255 kW 2kW less than typical 

Mean value heat transfer CW (cold water) 
during event 

229 kW 3kW greater than typical 

Flow during normal operation 19800 l/hr 20,000 l/hr = typical set point 

Mean value heat transfer HW (hot water) 
normal operation 

257 kW  

Mean value heat transfer CW (cold water) 
normal operation 

226 kW  

Analysis and observations:  

This event occurred on Tuesday 10th May at approximately 2pm to 6pm. At the far right of the 
graph a significant step change in flow can be seen. The disruption to the process does not appear 
severe. Heat input increases however efficiency does not seem much affected. An increase in the 
kWhperL for both the HW and CW can be seen (along with a drop in efficiency for kWhperL 
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Regen). From the key data we can see that there is a significant step change in flow, well outside 
normal operation  

Hot water consumption is 2kW less during the event (see Table 4-4). The hot water cost therefore 
is 5p per hour less with the higher flow. This is a surprising outcome. 

Cold water consumption is 3kW greater during the event Table 4-4. The cold water cost is 7p per 
hour more with the higher flow. 

Response from operator:  

P2 can run with flows up to 30,000l/hr. At the time of reviewing the data however, increasing flow 
to even 22,000l/hr would cause a valve to fail. This event was most likely the operator trying to get 
more through flow to fill a tank or make up a quota before the need to stop and clean. 

Summary: 

An increase in product flow of 50% (significantly outside normal operating set points) was most 
likely an exceptional operation in order to achieve targets. Little disruption to efficiency resulted. 
The event was known in that it was deliberately initiated. It was identified by operators as 
unavoidable. 
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Issue 5. Site Y, P2. Noticeable dip in regeneration efficiency and temperature at end of run 

 

Figure 4-10 dip in regeneration efficiency at end of run, site Y 

Table 4-5 key data relating to issue 5 

Item Value Units Comment 

Mean value heat transfer 
HW (hot water) during 
event 

275 kW  

Mean value heat transfer 
CW (cold water) during 
event 

233 kW  

Mean value heat transfer 
HW (hot water) during 
normal operation 

222 kW Hot water consumption was 53kW greater during the 
event, therefore the cost of hot water was £1.33 
greater per hour during the eventii. 

Mean value heat transfer 
CW (cold water) during 
normal operation 

181 kW Cold water consumption was 52kW greater during 
the event. The cost of cold water is £1.19 per hour 
morei. 

Analysis and observations:  

This event occurred on Sunday 8th May approximately 1.30pm to 2.30pm. 

The event seems to be set off by a brief but large drop in flow. Coming at the end of a run an initial 
assumption was that the much lower flow could have led to significant fouling to accumulate 
quickly. It may be that weighed off against other costs; running for another hour while fouled is 
insignificant, but can the flow drops be avoided? 
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After speaking to operators it was realised that the drop in apparent efficiency was most likely due 
to a change in product specification. 

Response from operator:  

Step changes or disruptions in flow are most likely to do with changes in product, which can also 
have an impact on the efficiency as the fat content will be different. 

At 13.52 the feedstock switches from Raw Cream Silo 2 to CS03 tank 4, so from raw cream to 
imported cream. The product changes from having a fat percentage of 40% to 39%. As it switches 
there will be a water purge. The input temperature between the two tanks can also be different. It 
can change from 8°C input to 5°C input for CS03. At the end of emptying a tank you also see 
turbulence [sic]. The main thing that would flag up inefficiency to an operator is % valve position 
on the hot and cold utilities. 

Summary: 

A minor change in product specification led to an observed reduction in efficiency, most likely due 
to difference in tank temperature. The impact on efficiency was unknown but unavoidable.  
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Issue 6. Site Y, P2. Deterioration in efficiency from start of run to end (excessive silo changes) 

 

Figure 4-11 Difference in efficiency between start and end of a run 

Table 4-6 key data relating to issue 6 

Item Value Units Comment 

Heat transfer HW (hot 
water) at start of run 

235 kW  

Heat transfer CW (hot 
water) at end of run 

264 kW The hot water consumption increased by 29kW over the 
run. The difference therefore is 73p per hourii  

Heat transfer HW (cold 
water) at start of run 

198 kW  

Heat transfer CW (cold 
water) at end of run 

232 kW Cold water consumption increased by 34kW over the 
run. The difference is 78p per hour morei. 

Analysis and observations:  

Over the run the regeneration temperature can be seen to drop from approximately 80°C to 78°C.  

The valve position for the hot water mirrors (in reverse) the regeneration temperature (and 
regeneration efficiency and regeneration kWh perL).  

The difference in cost for heating and cooling between the start and end of a run can be seen as 
the “value at stake”; the difference in cost between most efficient and least on a normal run. 
Including both hot and cold water it amounts to £1.51 per hour, which is £24 over a 16hr run, or 
£13k over a year. We asked the operators “At what point does the extra cost of energy become an 
important issue?” 

Response from operator:  
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Each of the temperature “blips” are probably silo changes, but are rather excessive numbers. It 
looks like a tidy up over a 12 hour run. So each silo change will have a slightly different product 
makeup.  

There is nothing on the trace shown in Figure 4-11 that would make the shift think about making a 
change to how the process is running. 

In discussing this item it became clear that we were missing the understanding of what product is 
in the system at what time. For this site, the data on what product is coming into the system is 
from the tank tags. 

• Cream storage tanks - the fat range is 39% average and typically stored at 5°C 

• Raw cream tanks –the fat content is 42% average and stored at 8°C 

• Recovered cream tanks – the fat content is very approximately 20% but can vary considerably 
(20 – 40%). It is stored at 6°C 

In summer these values also change as the product is “softer” with the higher temperatures. The 
operators can only tell what the actual fat content is by off-line measurement, from samples taken 
by operators, the figures above are approximate. They use a system called QualTrace. In that 
sense it is not real time, it’s retrospective. 

The issue generated discussion regarding how the operators think the dryers and evaporators are 
a source of energy loss. The rooms are so hot; they must be wasting heat. One operator suggested 
that seeing a trace of regeneration efficiency could be really beneficial to the operator. 

Considering this event, the other question raised by the team was why had so many silo changes 
happened as there are costs associated with cooling and changing. 

The site contact suggested that they could mix imported cream with separated cream as a way to 
change the input temperature although this would have traceability issues. It was suggested that 
they look at an isolated trial – making a special recipe at 85°C and trial the product. From the 
discussion; “why are they pasteurising twice” was a bigger question. 

Summary: 

A difference in efficiency over the run was the initial reason for identifying this event. However, 
the more pertinent discussion was regarding the excessive number of silo changes. The energy 
impacts associated with cooling and changing silos were unknown and avoidable with better 
planning.  
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Site Z, P7 

Issue 7. Site Z, P7. Poor regeneration efficiency in general 

 

Figure 4-12 Zoomed out view of running data, site Z, peaks in data are cleans and & AICs (sanitisation) 

 

Figure 4-13 ranges of regeneration efficiency on P7, site Z, for the different products. Box and whisker plot shows median, 25th & 
75th percentiles (edges of box), extreme data points and outliers (crosses)26 

 
 

 
26 A new plot type is used here to demonstrate the wide range of efficiencies for different products across the range of 
products pasteurised by the one unit. The range of expected efficiencies will vary based on recipe.  This view was 
generated post-analysis once the issue had been observed using data in the format of Figure 4-12 
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Table 4-7 key data relating to issue 7 

Product code 1 2 3 4 5 6 7 8 9 

Minutes on product 
over 2 weeks 

985 1527 3209 383 122 1267 129 292 224 

Average regen % 62 62 62 53 57 62 65 62 59 

Average regen kW 
heat transfer 

1863 1913 1947 1637 1612 1903 1891 1902 1775 

Average total 
required kW heat 
transfer 

3012 3077 3147 3082 2825 3062 2930 3053 3028 

Regen kW at 90% 2711 2769 2832 2774 2542 2756 2637 2748 2725 

Difference (kW) 848 856 886 1136 930 853 745 846 950 

Cost per hr £21 £21 £22 £28 £23 £21 £19 £21 £24 

Cost over the year £9054 £14,167 £30,795 £4,714 £1,229 £11,702 £1,042 £2,677 £2,306 

Analysis and observations: 

Figure 4-13 gives an impression of the range of regenerator efficiencies for the different products. 
Note that where only a few points are visible – these readings are most likely outliers or anomalies 
from the start of a run where the system is stabilising. 

The apparent27 regenerator efficiency is calculated as the total heat transfer occurring in the two 
regeneration sections and the recovered water section, divided by the total heat transfer across 
the system. Note that because the incoming product is at approximately 10°C and the outgoing 
product needs to be in the range 35-40 °C, it is not possible for the regeneration sections to 
provide all the heat transfer without some additional input. But the ideal scenario is that the 
regeneration sections heat the incoming product to as close to the required pasteurisation 
temperature and that the recovered water circuit brings the temperature back up to the required 
outgoing temperature; using low-grade heat recovered from another part of the process. 

Figure 4-12 shows several days operation. The diagram includes SCADA data tags: the 
temperatures from across the unit, product data and scaled flow, along with some calculated 
trends such as Q values - the heat transfer across different heat exchangers. The regeneration 
efficiency is also calculated.  A regeneration efficiency of 60% is low. Figure 4-14is a zoomed in 
view of two runs each of different products. 

 
 

 
27 By apparent efficiency we mean the observed efficiency to the site given the use of recovered water which is 
assumed to be free and plentiful across the site, rather than the absolute efficiency of the regeneration unit alone 
(which would be lower if the recovered water was not considered). 
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Figure 4-14 Zoomed in view of running data, site Z 

Table 4-7 above sets out the data based on the different products (all yoghurts). A 90% 
regeneration efficiency is possible with well-designed and maintained units (Carbon Trust, 2010). 
The cost impact of the difference between running at the current efficiencies and running at 90% 
is roughly £70 to £80k over the year. 

Caution is required with this saving however; it is interlinked with issue 8 (efficiency and the 
recovered water circuit). The two items have distinct savings, but they have to be considered 
together to get full benefits.  This is explained further in the box for Issue 8. 

Response from the operator: 

The site was aware that the units were inefficient but the scale was not appreciated until the data 
was presented. The site intends to replace pasteurisation units in a large scale equipment upgrade 
program which has been planned for some time. The information on efficiency will not motivate 
changes to the current equipment but will be fed into the design and specification process. 

Summary: 

The identified issue was one of overall low regeneration efficiency for the unit. The unit is old and 
has not been examined with regards to energy previously. The issues of sizing and design are not 
going to be fixed on the existing unit; a replacement program is already in design phases. The 
extent of the inefficiency was unknown and is ultimately avoidable with capital and some 
operational input. 

 

 

  

Regeneration efficiency 
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Issue 8. Site Z, P7. Apparent regeneration efficiency and the Recovered Water circuit 

 

 

 

Figure 4-15 visible drop in efficiency trace mid-run, site Z 

Table 4-8 key data related to issue 8 

Item Value Units Comment 

Pre event (3.50am to 5.45am)  

Calculated 
temperature post R1 

23 °C  

TRWCSOut 33 °C the recovered water circuit is providing raise in 
temperature from 23°C. This is equivalent to a 270kW 
heat input 

TOutput 37 °C set point output temperature for product. The steam 
circuit PHE is providing the resulting temperature lift 
from 33°C to 37°C. This is equivalent to 190kW heat 
input. The cost of providing the required temperature 
uplift from the steam circuit is £4.75/hr (for 190kW)ii.  

Post event (5.45am to 7.10am) 

Calculated 
temperature post R1 

23 °C This is not surprising as the recovered water circuit 
doesn’t have any interaction with the regeneration heat 
exchanger.  

TRWCSOut 23 °C this is the same temperature as the calculated 
temperature post the regeneration unit, again this 
makes sense as the recovered water circuit is no longer 
providing heat input. The calculated heat transfer value 

Regen efficiency falls from approx. 60% to 50% 

Steam circuit now making greater difference between 

temp post regen and required outgoing product temp 

TRWCSOut fails to match calculated temp for post regen  
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for the recovered water circuit falls from 270kW to 0kW. 

TOutput 37 °C Post event, the steam circuit has to compensate to keep 
the product output temperature at 37°C. The calculated 
value for heat transfer (Q) of the steam circuit rises from 
190kW to 425kW. The cost of providing this heat is now 
£10.63 per hour. 

Analysis and observations:  

In the Figure 4-15 it can be seen that the regeneration efficiency experiences a step change mid 
run, one example is shown in Figure 4-15 however these step changes are apparently in almost all 
runs for the data available. Visually these step-changes appear to be linked to a drop in 
temperature TRWCSOut. The design of the system means that Regen 1 (the main regenerator unit) 
overcools the outgoing product; this extra energy is needed to heat the incoming product. 
However, the final two PHEs (Plate Heat Exchangers) are needed to bring the temperature of the 
product back up to target value  (see Figure 4-4 for the plant layout) of approximately 37°C in 
order to achieve incubation temperature for the yoghurt. 

The first PHE (RW in Figure 4-4) uses recovered water from elsewhere in the process. This is 
essentially a “free” resource; being warm waste process water. The second PHE (SC in Figure 4-4) 
uses steam to bring the product up to required temperature if and when the recovered water 
capacity is not sufficient. Analysing the observed step changes in regeneration efficiency; the 
concurrent drop in TRWCSOut indicates that the recovered water temperature is not sufficient to 
warm the product. The steam circuit therefore has to compensate. The result is a drop in apparent 
regeneration efficiency and an increase in energy use. The recovered water is being used 
elsewhere to good effect, however it is likely that additional and sufficient waste heat could be 
made available; thus rendering the use of steam wasteful. 

From the key data above and assuming there is no cost to the recovered water; the difference in 
cost is £5.86 per hour. For the two weeks of data there were approximately 4900 minutes where 
the recovered water is required but not available. This amounts to 82hrs at £5.86 = £480 for 2 
weeks running. Over the year that could be a cost of £12.5k. 

As alluded to above this saving of £12.5k is part of the potential regeneration improvement 
potential saving (identified in issue 7) and should not be double counted. The following diagrams 
and descriptions aim to illustrate why this is the case.  
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Figure 4-16 Current situation for final PHE set, P7 with regard to typical temperatures 

In the current situation the recovered water circuit frequently runs out of capacity and stops 
functioning mid run. The product is being raised from 19.4°C to 37.8°C by steam alone in the view 
shown in Figure 4-16. Solving this alone by improving the capacity of the recovered water section 
would lead to the £12.5k savings calculated previously. From discussion with site engineers it is 
understood that alternative sources of waste water are available, though some plumbing changes 
would be required. 

 

Figure 4-17 Poorly optimised solution for final PHE set, P7 showing example temperatures 

A poorly optimised solution would be to take make measures to improve the regeneration 
efficiency without solving the recovered water issue. In the view shown in Figure 4-17 the 
regeneration efficiency has been improved. The regeneration section now is able to raise the 
temperature of product to 83°C rather than 76°C, meaning that outgoing product is now even 
cooler at 11°C (calculated after regen1). The UHT section of the unit is putting in less heat (from 
steam) due to the improvement in regenerator (R1) performance. However, if the recovered 
water issue is not fixed and remains with insufficient capacity; the steam system has to raise the 
temp from 11°C to 37.8°C. We have saved putting in heat from the steam system in the UHT 
section, but the benefit is negated as the steam circuit we see here has to compensate. 
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Figure 4-18 Ideal solution for final PHE set, P7 showing example temperatures 

The ideal solution is to do both. In the view shown in Figure 4-18 the regeneration efficiency has 
been improved to raise temperature of product to 83°C rather than 76°C, as before. But now the 
recovered water system has sufficient capacity to raise the outgoing product from 11°C (a lower 
temp than previously) to closer to the required outgoing temperature of 37.8°C. This scenario 
would mean that a greater percentage of the £70-80k potential savings would be realised from the 
recovered water project. 

Response from operators: 

The recovered water circuit serves other processes on site including P4. The operators had not 
been aware of the impact of having insufficient capacity. The site has many sources of low grade 
heat; some ideas were discussed regarding “adding in recovered water from X and Y”. It was 
discussed how fixing the situation in an ad hoc way would not be as beneficial as starting with an 
energy balance of what sources of waste heat were available and understanding where waste heat 
was most useful. 

Summary: 

Step changes in multiple traces were spotted; leading us to identify that the recovered water 
circuit (used to heat the product to its required outgoing temperature) had insufficient capacity 
(despite there being many sources of waste heat on site). This issue causes a considerable cost to 
the site. It was previously unknown prior to our analysis and is avoidable. 
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Issue 9. Site Z, P7. Excessive water recirculation time 

 

Figure 4-19 Runs between CIPs, excessive water recirculation time, site Z 

Table 4-9 key data relating to issue 9 

Item Value Units Comment 

In water recirculation (1:30am to 4am) 

Heat input from hot 
water system 

4,269 kWh Assuming a boiler efficiency of 80% and 2p/kWh, 
the cost is £107 or £42 per hour. 

Analysis and observations:  

This issue starts on April 14th at 2am, it is representative of many similar events. It is not CIP, but 
rather excessive water recirculation. The operator may be aware that the AIC (a sterilisation and 
water recirculation routine) is running for longer than standard but they do not have a way of 
seeing how long the AIC is in the context of the length of pasteurisation runs. 

Response from operator:  

The elevated temperatures seen on Figure 4-19 are AICs. It does not use the chemicals of a CIP and 
while this is run at 123°C, it is not necessary to AIC at that temperature (pasteurisation 
temperature is sufficient). It is a long AIC, the operator clearly had to wait before starting the next 
run and would have chosen to run back to back AICs in order to keep the system up to 
temperature. It was discussed how it was above the required temperature for pasteurisation and 
that time would therefore be needed for the temperature to reduce before starting a run.  

Summary: 

Overly long periods of AIC (cleaning operations) were identified. These would have been caused by 
scheduling issues. The operators were unaware of the energy impact of these long AICs though 
they are known to happen; they are avoidable with operational changes. 
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Issue 10. Site Z, P7. Water recirculation temperature higher than necessary 

 

Figure 4-20 Water recirculation temperature P7, Site Z 

Table 4-10 key data relating to issue 10 

Item Value Units Comment 

Heat demand at 95°C 825 kW  

Heat demand at 123°C 1,685 kW  The difference is 860kW equating to a £20per hourii 
difference between recirculation at 95°C and 123°C. 

Analysis and observations:  

In addition to excessive water recirculation times is the issue of the temperature of this water 
recirculation. Water is re-circulating at 123°C. The product is pasteurised at 95°C, therefore 123°C 
seems unnecessarily high. 

Looking at local minimums immediately before the 123°C plateau we estimate the kW demand for 
recirculation at 95°C is approximately 825kW. The average kW demand in water recirculation is 
1,685kW. The difference is 860kW equating to a £20per hourii difference between recirculation at 
95°C and 123°C. Because of the uncertainty a lower estimate should be used. 

Response of the operator:  

As discussed above; the temperature of 123°C is only used because this is the maximum 
temperature that the UHT unit can reach. P4 is a UHT unit at the same site and the AIC 
temperature is not set at 123°C. The temperature of AIC on P7 can be reduced. 

Summary: 

The temperature of the AIC cleaning operations is higher than necessary (123°C when 95°C or 
pasteurisation temperature would be sufficient). While it was known that this was the AIC 
temperature; it was only when reviewing the data in graph form that the issue and its energy 
implications became known. It is avoidable with a very simple fix (change in SCADA recipe).  

123°C for 2.5hrs 
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Issue 11. Site Z, P7. Potential to improve product scheduling 

 

Figure 4-21 Same products separated by other product, site Z 

Analysis and observations:  

This event occurs on April 13th, with the following sequence: 

• Between 13.50 and 17.15 product 63 was running 

• followed by flushing (and water recirculation) between 17.15 and 18.20 

• between 18.20 and 20.15, product 80 ran 

• another flush (and water recirculation) between 20.15 and 22.00 

• back to product 63 at 22.00 until 1.30am on April 14th 

The question put to operators was whether scheduling could have been improved to run product 
63 together. The benefit would only be realised if there was not a need to have as long an AIC in 
between. 

Response from operators:  

They only tend to run this unit for 3-4 hours before an AIC is needed; they didn’t feel that 
improved scheduling was something they would do much about given that after an AIC any 
product could run. The defining factor was the length of time between AICs. 

Summary: 

We identified runs of products that were identical but separated by an alternative product and 
AICs. We asked if longer runs of the same product would be more efficient. This was not thought 
to be advisable as standard procedure and guidelines state the unit should only run for 3-4hrs and 
then AIC; after an AIC it does not matter what the product is. The issue was known and avoidable, 
but negligible in impact given the AIC standards. 

Same product (same code) 
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Issue 12. Site Z, P7. Run time and stabilisation of the system 

 

Figure 4-22 stabilisation time required before run can begin 

Analysis and observations:  

As discussed above; P7 AIC is run at 123°C. At the end of the AIC as the pasteurisation unit is 
brought online to run; the operator has to wait for the temperature to reduce from 123°C to 
approximately 95°C. The implication of this is that the run times are even shorter (appear to be 3-
4hrs on average). 15 minutes of 3-4hrs amounts to 6% to 8% of that time. We asked if the system 
is in pasteurisation straight from when the product code tag indicates. 

Response from operator: 

Discussion with the operator revealed that while from 9.30am the product code says the system is 
in pasteurisation; it is actually waiting in a ready state. Everything is set up and waiting; incoming 
product is queued; tanks are ready etc. but it is only when the operator sees that the 
temperatures have stabilised; that he/she presses the button to say “go”. 

Changing the recirculation temperature for the AIC to 95°C will reduce the stabilisation time and 
mean that pasteurisation can start without delay. 

Summary: 

The issue of excessive AIC temperature explored in issue 10 led to a knock on effect of the system 
temperature taking longer than necessary to stabilise before pasteurisation can begin. Again, until 
the traces were reviewed the energy and time impact of this was not apparent to operators 
(unknown). It is avoidable by reducing the AIC temperature. 
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Issue 13. Site Z, P7. Apparent flow during shutdown 

 

Figure 4-23 unexplained flow visible during shutdown on P7 

This was a minor question as to whether anyone knew why there was the approximately 4m3 per 
hour flow during shutdown 

Response from the operator: 

It was not known what could have been the cause of this flow. The impact is likely minor; however 
it is interesting to be able to see it happening. 

Summary: 

The issue of an erroneous flow during shutdown was identified. Its impact was minor but was 
agreed to be a useful illustration of issues that are unknown (if the data is not observed in this 
way) and that can be avoided. 
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Issue 14.  Site Z, P7. Difference in heat transfer across R2     

 

Figure 4-24 trace showing the difference between heat transfer on R2in and R2out heat exchangers 

Table 4-11 key data relating to issue 14 

 Heat transfer (kW) 

Average heat transfer (Q) across R2out (April 2017, product 63) 1805 

Average heat transfer (Q) across R2in (April 2017, product 63) 532 

Analysis and Observations: 

R2 is a regeneration heat exchanger set that was retrofitted to P7 previously. See Figure 4-4 for 
how it fits into P7’s configuration. It is a slightly unusual design in that the heated product enters 
one plate heat exchanger (PHE) and exchanges its heat with a closed water loop which then takes 
the heat to a second PHE where it exchanges heat with incoming cooler product.  

This issue had not been spotted in initial investigations. It would have been visible from comparing 
Q calculations for individual heat exchangers such as in Figure 4-24. It was identified during some 
later analysis where individual runs of each product were plotted for each heat exchanger as on 
Figure 4-25 and Figure 4-26. If the y-axis scale is compared for both Figure 4-25 and Figure 4-26 it 
can be seen that only approximately a fifth to a quarter of the heat that is recovered via R2in is 
subsequently transferred across R2out. This heat is being lost somewhere and is not utilised within 
the pasteurisation unit. 

The heat transfer (Q) values for R2in and R2out shown in Table 4-11 and in Figure 4-24 are 
calculated using the temperature difference across each of the heat exchangers R2in and R2out. 
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Four temperature probes are available as shown on Figure 4-27. The mass flow of product across 
both heat exchangers is assumed to be equal as the same product flows across each. 

 

Figure 4-25 temperature difference across R2in for all runs of product 63, April, June and July 2017 

 

Figure 4-26 temperature difference across R2out for all runs of product 63, April, June and July 2017 
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Figure 4-27 detail of regeneration heat exchangers R2 (R2In and R2Out) in relation to main regeneration unit R1 (rate of flow is 
similar throughout the system) 

Response from the operator: 

This was fed back to the operator and site manager in separate conversations (by circumstance 
rather than design). The operator told us erroneously how R2 had been leaking and had the plates 
replaced in the interim since the data had been taken; this turned out not to be the case. The site 
had also become aware that R2 was a source of inefficiency and had bypassed R2. The unit was 
running with much greater efficiency. This is explored further in section 4.3. 

Summary: 

This issue was not identified through observing the initial time series graphs of running data, but 
rather through some analysis of Q values for different heat exchangers. One of the regeneration 
elements of the system had become inefficient (or perhaps had been so since design) but was 
certainly the source of significant heat loss. Bypassing the unit led to overall improvement in 
regeneration efficiency in the remaining regeneration unit. This issue had been previously 
unknown and is avoidable. 
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Site Z, P5/6 

Issue 15. Site Z, P5&P6. Deterioration in regeneration efficiency P6 

 

Figure 4-28 P6 regeneration efficiency shown to drop noticeably over the course of a run (two runs shown) 

Analysis and observations:  

Figure 4-28 shows the calculated regeneration efficiency of P6 for two runs when the plant was in 
operation. The transient effects (spikes) at the start and finish of the runs can be ignored. 

The average efficiency during pasteurisation is 86%. There is potentially some improvement that 
can be made, but P6 takes only a small proportion of the flow (cream only). 

Figure 4-28 shows how the efficiency drops off over a run; starting at a very reasonable 89 - 91%, 
but falling into the low 80s by the end of the run. More frequent CIPs would improve the efficiency 
of the plant, however the CIP process has cost and environmental impacts. 

Summary: 

The issue of general regeneration efficiency was identified in particular on one part of the unit that 
pasteurised cream (rather than the skim element). Fouling was the cause of significant reduction 
in efficiency over a run (a feature of the high fat content). However as the two parts of the unit 
run in concurrently; the cost and benefit of increasing cleans has to be considered as a whole unit 
and is unlikely to be beneficial. This issue was unknown in that the fall offs in efficiency for P6 
were not seen previously. It is avoidable, but requiring capital investment relating to changing the 
configuration of the heat exchangers or an increase in CIPs which may lead to greater energy, 
water and chemical use. 
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Issue 16. Site Z, P5&P6. Difference in P6 cold section heat exchanger performance 

 

Figure 4-29 configuration of P6 cold section heat exchangers 

Table 4-12 key data relating to issue 16 

Item Value Units 

Mean P6 phe1 heat transfer 638 kW 

Mean P6 phe2 heat transfer 1947 kW 

Mean value of data logger A28 in production 61 °C 

Mean value of data logger B in production 23 °C 

Mean value of data logger C in production 12 °C 

Mean value of data logger D in production 8 °C 

Mean value of data logger E in production 20 °C 
Analysis and observations: 

P6 has a complex cooling water system, comprising 4 plate heat exchangers. Town’s water and 
chilled water are used to cool the product. A significant difference was noted in the heat transfer 
across phe1 and phe2 (table above). It was suggested that it warranted further investigation, 
possible causes being leakage, fouling, or flow capacity issues from TW or CW. This could be 
related to relying on data logger data (data logger points shown as orange stars). 

Summary: 

Differences in performance between two parts of a heat exchanger system were observed. It 
could be an indication of fouling or leakage or could relate to design. This difference was unknown 
prior to our analysis; it is avoidable. 

 
 

 
28 The datalogger cable for A was found to be faulty during calibration (appendix F). The faulty cable resulted in 
ambient temperature readings interspaced with correct readings. It appears for the period of time logged here that 
the readings were not equal to ambient so can be assumed to be reasonably accurate and subject only to the 2-5.5°C 
error range otherwise observed in appendix F  
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Issue 17. Site Z, P5&P6. P5 regeneration efficiency 

 

Figure 4-30 P5 regeneration efficiency, site Z. Reduction in regeneration efficiency shown over the course of a run (two runs 
shown) 

Table 4-13 key data relating to issue 17 

 P5 (HW) P6 (HW) P5 (CW) P6 (CW) 

Minutes on pasteurisation over 22 days 10535 10535 10535 10535 

Average regeneration % 74% 86% 77% 33% 

Average regeneration kW heat transfer 
(1) 

2108 110 2108 110 

Average total required kW heat transfer 2837 127 2738 335 

Regeneration kW at 90% efficiency (2) 2553 115 2464 302 

Difference (kW) ((2)-(1)) 445 5 356 192 

Cost per hr £11 £0.1 £8 £4 

Cost over the year £32k £350 £23k £12k 
Analysis and observations: 

The average regeneration efficiency for P5 is 74% when in pasteurisation mode. The reduction in 
efficiency is less dramatic over a run for P5 than it is for P6 (as shown in issue 15). This suggests 
that P5 is fouling less quickly than P6, which would make sense given that P5 pasteurises skim 
rather than cream. The greater fat content of cream will lead to more rapid fouling (chapter 6 
(Tuan, 2001)). 
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Heat transfer for P5 

 
Figure 4-31 heat transfer on P5 heat exchangers 

 

Figure 4-31 shows the heat transfer for a typical run on P5; each of the heat exchangers is shown. 
The section at the start up to 11am is where the system is in water recirculation mode. Note that 
the cold water element is higher during this mode; this is discussed further in issue 20. 

Table 4-13 shows the heat transfer calculations for P5 as it currently performs and also what the 
heat transfer would be if the regeneration efficiency were 90%. This amounts to annual savings of: 

• £32k from boiler savings 
• £20 - 30k from chilled water savings* 
• £50-60k total 

*the chilled water savings will be less, as some of the cooling for P6 is from the towns water 
supply 

The cost over the year is based on factoring this 22 days run time up to a year basis. The plant is in 
pasteurisation mode for approx. 33% of the time 

Table 4-13 looks at how much heat currently comes from recovered sources, how much heat is 
needed in total (and the current regeneration efficiency), and then assuming that the regeneration 
efficiency can be brought up to 90%; what is the difference in heat input (from steam) that could 
be saved. 

If the whole system (P5&6) can be run with 90% of the heat requirement coming from recovered 
sources – then the saving (on P5 alone) is in the region of £50 - 60k per year. 
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Improving the heat transfer across the regen sections will involve solutions such as additional 
plates or altering flow levels. However, the configuration of the regeneration unit for P5 being 
before the separator means that both P5 and P6 regeneration are compromised. This is because 
the P5 regeneration section has to heat more incoming product (about 10% more) than it has 
capacity for. P6regen has the cold side product coming in at a significantly raised temperature, so 
will not be able to cool the outgoing product sufficiently hence the large cooling inefficiency on P6 
– fortunately much smaller in volume seen in Table 4-13. The design choice was likely made so 
that the investment in plates was focused on P5regen. It is likely that a significant configuration 
change would be needed to realise these savings. 

Response from the operator: 

The units are understood to be inefficient, though by how much was not known. The units are due 
to be replaced over the next few years so very little would be done to rectify regeneration 
efficiency on the existing units. 

Summary: 

The low level of efficiency on P5 is categorised as “unknown” given that the site were not aware of 
the extent of the inefficiency. It could be avoided, though mainly through redesign and investment 
in the pasteurisation equipment which given the impending replacement of the plant is unlikely to 
happen.  
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Issue 18. Site Z, P5&P6. Hot and cold water flow after CIP 

 

Figure 4-32 two weeks of run data showing the visible sections of flow after CIPs have completed 

Table 4-14 key data relating to issue 18 

Item Value Units Comment 

Flush circulation mode: Over the 22 days, the system is in flush circulation 
mode for 43 hours (8% of the time) 

P5phe1 (Cold Water) 132 kW = £3 per houri 

P5phe3 (Hot Water) 122 kW = £3 per hourii 

P6phe1 (Cold Water) 0.08 kW (negligible cost) 

P6phe2 (Cold Water) -0.02 kW (negligible cost) 

P6phe4 (Hot Water) 0.2 kW (negligible cost) 
Analysis and observations: 

Figure 4-32 shows the whole data set for 22 days. The visible blocks are periods of operation; at 
this resolution the main traces that are visible are the product or water flows through the two 
units. 

It can be seen that there are distinctive blocks following on from CIPs (small spikes at the end of a 
run block).  From the CIP code (27) - these are flush circulation. In Figure 4-33 the flush circulation 
can be seen between just before 10pm on June 20th through to approximately 3am on the 21st 
June. 
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Figure 4-33 flush circulation for 5 hours at the end of a pasteurisation run (10pm June 20th to 3am June 21st) 

 

Figure 4-34 heat transfer during flush circulation; same time period as in Figure 4-33 

Over the 22 days, the system is in flush circulation mode for 43 hours (8% of the time). When in 
this mode the average heat transfers are shown in the key data Table 4-14 and in Figure 4-34. 
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Ignoring the small heat flows from P6; over the year P5 heat flow in flush circulation costs £6 (hot 
and cold water from Table 4-14) * 24 * 365 * 8% of the time = £4k.  Even if this figure is 
unavoidable; it is worth questioning whether the cooling element (£2k) is needed. 

Response from operators: 

The cooling element is due to poor control on the heating system. The system operates in a stable 
way with both the heating and cooling applied to the flushing water. If the water circulates and is 
just topped up with heat; the feedback mechanism struggles and overheating occurs. 

With regards to the length of flush circulation; the operators were happy that the times were 
appropriate. 

Summary: 

A flow continuing after a number of runs was observed, the length of time appeared long at 
approximately 4hrs, and this is what caused it to be spotted. The flow was “flush circulation” a 
standard cleaning mode. However, what was subsequently discovered was that throughout this 
flush circulation; the cold water input was operating in order to aid control of the hot water input. 
This means the hot input is unnecessarily high and the cold could be avoided altogether. This was 
known about by the operators, but had not been questioned.  It is avoidable.  
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Issue 19. Site Z, P5&P6. P6 flush circulation & production 

 

Figure 4-35 conflicting system codes observed on P6 

There appears to be a strange incident with two seemingly conflicting codes operating on P6 at 
the same time. P5 and P6 are showing as being in pasteurisation: “P5StepNo.” and “P6StepNo.” 
are equal to 20. 

At the same time “P6CIPStepNo.” is 27; according to their product codes. 
The system behaviour suggests it is in pasteurisation; however it may be worth brief investigation. 
 
Summary: 

The presence of two conflicting codes was spotted. One set of codes is for production the other 
for CIP, the system cannot be both in CIP and production at the same time. The operators were 
unaware that this happened. It is avoidable. 
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Issue 20. Site Z, P5&P6.  Control of P5 cold water in water and product circulation 

 

Figure 4-36 product circulation and cold water control, P5, site Z 

Table 4-15 key data for issue 20 

Item Value Units Comment 

Water circulation mode: Over the 22 days, the system is in water circulation mode 
for 21 hours (4% of the time) 

P5phe1 (Cold Water) 1000 kW 1000kW/3.5 * 0.08i = £23 per hr 

P5phe3 (Hot Water) 817 kW 817kW/0.8 * 0.02ii = £20 per hr 

P6phe1 (Cold Water) 4 kW 4kW/3.5 * 0.08 = £0.09per hr 

P6phe2 (Cold Water) 27 kW 27kW/3.5 * 0.08 = £0.62 per hr 

P6phe4 (Hot Water) 33 kW 33kW/0.8 * 0.02 = £0.83 per hr 

Product circulation mode: Over the 22days of data, the system is in product 
circulation for 7hrs (1% of the time) 

P5phe1 (Cold Water) 334 kW 334kW/3.5 * 0.08 = £7.60 per hr 

P5phe3 (Hot Water) 272 kW 272kW/0.8 * 0.02 = £6.80 per hr 

P6phe1 (Cold Water) 1 kW 1kW/3.5 * 0.08 = £0.02per hr 

P6phe2 (Cold Water) 9 kW 9kW/3.5 * 0.08 = £0.21 per hr 

P6phe4 (Hot Water) 10 kW 10kW/0.8 * 0.02 = £0.25 per hr  
Analysis and observations: 

Occasionally the system is in water circulation mode (CIP code 7, 4% of the time) or product 
circulation (code 21, 1% of the time). 

Factoring up over a year for P5 the total cost of water circulation = £43 * 24 * 365 * 0.04 = £15k. 
Over a year on P5 the cost of the cold water element of water circulation alone = £23 * 24 * 365 * 
0.04 = £8k 
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Over the year the product circulation cost at 1% of time would be £1.2k, the cold water element 
should not be needed. Over the year cost of the cold water in product circulation = £7.60 * 24 * 
265 * 0.01 = £700 so it is comparatively small, however it is likely linked to the same issue that 
causes cold water to be running during water circulation also. 

Response from the operator:  

The cold water is used during flush circulation, water recirculation and product circulation because 
of poor control on the hot water side. If the system tries to keep the temperature of circulating 
water constant from just controlling the hot water input; the temperature is too unstable so the 
water is heated and cooled simultaneously.  The solution would require investment in the control 
system to avoid hysteresis issues. 

Summary: 

As with issue 18, it was spotted that the cold water input also runs during water circulation and 
product circulation. These are times when the system needs to be kept to temperature with an 
occasional input of heat as the fluid is circulating (rather that fresh product entering the system to 
be first heated then cooled). This was known about by the operators though they had not 
questioned it on energy terms. It is avoidable. 

 

4.2.4 Summary of data analysis 

The data reviewed in section 4.2.3 was gathered in exchange for providing feedback to the sites on 

the following: 1) How efficiently their pasteurisation units are running and 2) If there are any 

energy related improvements that we would recommend. It was not the intention of the EngD to 

follow these actions through to implementation; though we have received feedback on 

implementation of some of the actions. A summary for each site is given below. 

Issues taken forward for review for Site Y 

Site Y had previously undertaken heat mapping studies on their pasteurisation units. The 

regeneration efficiency of unit P2 ranged from 82-87% depending on cream composition. 92% is 

achievable (Carbon Trust, 2010). The relatively high regeneration efficiency is indicative of a well 

maintained and understood unit. None of the items identified caused the site significant cause for 

concern; however the managers and operators involved in the feedback meeting did agree that 

the process of looking at the traces had been useful and took away an intention to review the 



179 
 

number of times certain products are pasteurised and at what temperatures. The issue of avoiding 

excessive silo changes was also noted with regards to improving process control decisions.  

Issues taken forward for review at Site Z, P7: 

At site Z there were rather more actions identified and then taken forward than for site Y. The 

following list details the recommendations that the site took away to investigate.  

· A key issue for the site to look at is the recovered water circuit (issue 8). It currently does 

not have the capacity to provide the required heat; therefore the steam circuit is 

compensating. A thorough heat balance across the site is recommended given that the 

recovered water circuit serves many other processes and there is anecdotal evidence 

that other sources of waste heat are available.  

· Consider looking at the overall regeneration efficiency of P7 which could result in £60-

70k savings (no savings if the recovered water circuit issue is not addressed). The site is 

replacing the pasteurisation units. The information on this issue and the recovered water 

has been passed to the project team. 

· The AIC and water recirculation temperature on P7 should be investigated. Unit P4 was 

reprogrammed to bring the temperature down to 95°C to recirculate. This will give 

savings of approximately £20 per hour. It will also decrease the amount of time needed 

for the system to stabilise which will improve time efficiency on the plant. This was 

implemented by the site; the AIC temperature on P7 is now 95°C. 

· The practice of running two back to back AICs at 123°C when the operators want to delay 

starting pasteurisation should be reviewed. Again; recirculation at 95°C is preferable 

(which has now been implemented as above). 

· The inefficient operation of R2 was spotted through the analysis, but had also been 

identified by the site. R2 was bypassed and it was noticed how the efficiency improved. 

The site has kept the bypass in place. 
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Issues taken forward for review at site Z for P5&6 

· To consider improvements to regeneration efficiency; in particular P5 (£50 - 60k). This 

has been noted as part of the overall pasteurisation replacement program. 

· Investigate the difference in cold water plate heat exchangers heat transfer on P6 (PHE1 

and PHE2) 

· Temperature monitoring on P6 regenerator unit – one additional measurement point will 

allow monitoring of energy consumption on P6 (spotting future savings). Again, this has 

been noted as part of the overall pasteurisation replacement program. 

· To review if flush circulation time can be minimised. Is the cold water element of the 

flush circulation required? (Possible savings of £2k - £4k). Also to investigate why cold 

water circuits are in operation during water recirculation (£8k) (and product 

recirculation). This is due to poor control; which is intended to be solved with the 

pasteuriser replacement programme. 

Overall 

The most significant issues amounted to hidden conflicts over resource use, poor control or 

historical decisions leading to inefficient recipes becoming standard. Sites also suffered general 

deteriorations in efficiency over time (or poor design efficiencies) not being rectified. 

Some issues of efficiency or the cold utility running unnecessarily were constant; they had become 

part of what is “normal operation” therefore to identify these as issues requires a knowledge of 

what is possible. The issues spotted most easily were those with distinct visual patterns that 

deviated from what we understood as normal operation. Discussion of these trends is expanded 

on in the remainder of this section. 

The two sites had different energy management cultures and quite a difference can be seen 

between what was found at each site in terms of quantity of potential savings and number of 

issues.  
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Process control and energy efficiency 

As identified in section 2.4: in terms of process monitoring and control for energy efficiency, sites 

can be grouped into three main categories (Figure 2-10): 

Category 1: Site where no monitoring or review of pasteurisation units (including plant 

with insufficient instrumentation) takes place 

Category 2: Those where periodic review of pasteurisation units occurs 

Category 3: Sites with comprehensive monitoring and where review of pasteurisation units 

(namely “site X” as discussed in section 2.4) is regularly undertaken. 

 

Site Z from section 4.2 would be a category 1 site, while site Y comes under category 2. This 

categorisation is based on discussions with both sites and knowledge that site Y had previously 

undertaken heat mapping studies including pasteurisation; whereas site Z had not. Events 

impacting energy consumption were identified at both sites; certainly the potential savings found 

at site Z are greater on both units studied than on the one unit studied at site Y.  

In section 4.2 a number of different issues were spotted by visual inspection of production data for 

these two sites Z and Y. This is an important point to pause on; in undertaking this visual 

assessment; we are approximating the role of the operator. It must be accepted that there will be 

differences in educational background, motivation, degree of familiarity and training (between 

operators in addition to between the authors and the operators). Accepting this, if we are 

intending an operator to be able to spot the same issues; there are some further points to 

consider.  

The method outlined in section 4.2.1 was in part intended to approximate the “eye of the 

operator” in terms of viewing the data in the same configuration. Having identified issues we then 

ask: “how were these issues spotted?” By that, what is meant is; what features were drawing our 

attention? How in practical terms did this visualisation process really break down? Patterson 

(Patterson et al., 2014) gives a detailed guide to the process of human cognition and what goes on 



182 
 

when we interact with visual information. What we pay attention to is stimulus driven (Egeth, 

1997) so colour, orientation or motion that stands out from the rest of the information. Many 

areas of our brain are engaged in pattern recognition particularly in the task of an operator 

reviewing data where they will typically already have some task in mind (Patterson et al., 2014). 

Also as illustrated by Patterson and Simeone and Paolo (Simeone, 2007)– already having a 

preconceived idea of what the data may show will lead to the patterns that confirm that being 

more visible. 

Table 4-16 summarises all the items that were identified as issues during the by eye inspection on 

data from both sites. Pasteurisation and CIP have quite distinct signature shapes as can be seen in 

Figure 4-37. The information in Table 4-16 was spotted by looking for shapes that are different to 

the normal (stimulus driven as above), such as the step change shown in Figure 4-37. 

 

Figure 4-37 visible patterns in time series data. The typical shape of pasteurisation, AIC (a cleaning step) and CIP (Clean In Place) 
can be seen along with deviations from normal patterns of operation 

The operators do not typically review the data for pasteurisation in this format as shown in Figure 

4-37; nevertheless, the work undertaken in section 5.5 suggests that their familiarity with the 

process allows them to rapidly orientate themselves with regard to the data in this form. 
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We (and the operators) do not just rely on the visual patterns to understand what is going on with 

the process. The SCADA system will typically contain data points that include information on 

system status such as “CIP steps”: the stage of CIP the system is in for example: 

· 0 = Not Active 

· 1 = Rinse Empty 

· 2 = Rinse to drain 

· 3 = Rinse circulation 

· 4 = Detergent Fill...etc. 

There may be a similar list for production stages including water circulation, cooling etc. or a 

simple binary: In Production - 1 or 0. These codes identify what the system status is (aside from 

status conflict issues as shown in issue 19), and give contextual information to what we are seeing. 

Even without these codes; the patterns of the traces give an experienced eye a clear idea of what 

the status currently is. For example: Pasteurisation will typically produce a pattern of flat traces 

held to key temperatures. Pasteurisation of different products may have slightly different levels 

for temperatures. The pasteurisation runs appear as calm blocks of activity separated by the 

rather more chaotic looking CIPs. The CIPs however are not chaotic and have their own signature 

as the system follows a recipe of particular fluids passing through the system at pre-set flows and 

temperatures Figure 4-37. Having become familiar with what normal operation looks like; what its 

patterns and levels are; we then review the graph looking for shapes, levels and patterns that 

don’t fit what we were expecting to see. These unexpected shapes are summarised in Table 4-16 

and an attempt made to group them into common types. A discussion of what we mean by these 

types is given in Table 4-18. Table 4-16 highlights that this is qualitative interpretation; the “eye of 

the operator” rather than quantitative numerical analysis. Numerical analysis is discussed further 

in section 4.3. 
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Table 4-16 Summary and categorisation of energy related issues spotted (refer to issues in section 4.2.3)   

Issue no. and 
description 

What is the visual 

cue that allowed 

the issue to be 

spotted? (time 

series) 

Type of visual 
signal 

Cause Categorisation 

1. Unsteady 
pasteurisation 
temperature 

 

disturbance emptying of a 
tank of 
recovered 
cream 

unknown / 
unavoidable 

2. Cream 
pasteurisation 
temperature 
drop 

 

step change Misunderstandi

ng of a standard 

recipe for 

“cream 

despatch” 

known / unavoidable 
(but led to other 
actions) 

3. Run starts 
85degC rises 
to 90degC 

 

step change incorrect recipe unknown/avoidable 

operational action 

4. significant 
jump in flow 

 

step change operator 
imperative to 
make up 
volumes 

known/unavoidable 

5. dip in 
efficiency at 
end of run 

 

trend down product change unknown/unavoidable 

6. difference 
in efficiency 
over a run 

 

unusual 
operation 

excessive silo 
changes 

unknown/avoidable 

operational action 

7. Specific unit 
low efficiency 

 

relative level unit sizing, 
design and 
maintenance 

unknown/avoidable 

capital fix and some 
operational  
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8. recovered 
water circuit 
issue 

 

step change Capacity of 
recovered water 
circuit 

unknown/avoidable 

capital fix 

9. excessive 
water 
recirculation 
time 

 

system on / 
time 

scheduling 
issues 

unknown/avoidable 

operational 

10. excessive 
water 
recirculation 
temperature 

 

relative level Historical choice 
of temperature 
based on 
“highest 
possible” not 
most efficient 
for the required 
task 

unknown/avoidable 

single fix 

11. product 
scheduling 

 

system on/ 
order 

scheduling 
issues 

known/avoidable 

operational 

12. run time 
and 
stabilisation of 
system 

 

trend down excessive water 
recirculation 
temperature  

unknown/avoidable 

single fix 

13. flow 
during 
shutdown 

 

unusual 
operation 

unknown cause unknown/avoidable 

operational 

14. difference 
in heat 
transfer across 
regeneration 
unit 

 

difference/ 
relative level 

leakage, fouling, 
or design 

unknown/avoidable 

capital fix 

15. & 17 
specific unit 
falling 
efficiency 

 

trend down fouling unknown/avoidable  
operational 

16. cold 
section HEs 

 

difference/rel
ative level 

leakage, fouling, 
design, or 

unknown/avoidable 

capital fix 
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difference instrument error 

18. flow after 
CIP 

 

system 
on/time 

unknown cause unknown/avoidable 

operational 

19. P6 flush 
circulation and 
product circ 

 

system 
on/conflict 

unknown cause, 
system fault 

unknown/avoidable 

single fix 

20. cold water 
during flush, 
water and 
product 
circulation 

 

system 
on/conflict 

previous 
inefficient fix to 
control system 
issue 

unknown/avoidable 

 

Table 4-16 includes the column “Categorisation”. These categorisations come from discussion with 

the operators. The categories used in this assessment are shown in Table 4-17 below in the form 

of a 4x4 matrix. The table assesses whether an event is unknown or know and avoidable or 

unavoidable. Different responses are appropriate depending on the combination.  

Table 4-17 Issue Categorisation 

  Unknown – operator is 
unaware the event 
happens 

Known – operator is 
aware the event 
happens/can happen 

Unavoidable – within the context of this 
company, it is perceived that the issue 
cannot be avoided e.g. it is a result of a 
deliberate and necessary control 
intervention 

Better understanding of 
the issue may lead to 
mitigation actions 

Better understanding of 
the issue may lead to 
mitigation actions 

Avoidable – a solution to the problem is 
realistic and achievable e.g. the issue stems 
from human or system error 

Flag up and look to 
avoid in the future 

Make it easier for the 
operators to spot the 
issue happening 
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Within Table 4-17 we use the terms unknown and known, and avoidable and unavoidable. By 

unknown we mean that the issue or event was a surprise to the operator, and likewise something 

that is known is an event that they are aware can happen (even if they are not aware of the 

impact or frequency). For the terms “avoidable” and “unavoidable” it is important to understand 

the systems boundary for what is avoidable or unavoidable. We are using the pragmatic 

categorisation judgement of the operator or site staff such that they may declare that an issue is 

unavoidable because of realistic constrictions of their work environment even though a solution 

for all things likely exists somewhere. The combination of the two options in the 4x4 matrix gives 

an indication of the appropriate action to take.  

 

Table 4-18 Explanation of visual signals or ‘shapes’ that allowed the issues to be spotted 

Type of visual signal Explanation 

disturbance 

 

An event of this kind would be characterised by unsteadiness beyond the 
typical noise originating from the data collection method. In the particular 
case observed, the source may well have been from a fluctuating flow.  

step change 

  

 

A number of step change events were observed, where a previously flat 
level trace, changed by a noticeable amount within the timescale of the 
sampling interval before regaining a different but similarly flat level. The 
system is demonstrating a step response (ref analysis of time series book 
pg. 149) 

trend  

 

 

As a verb “trend” is being used to mean “change or develop in a general 
direction”. Or a “long-term change in mean level”. In these cases we are 
noticing that the direction is down or to be reduced. But an upward trend 
is just as likely and in some situations both will be observed: a downward 
trend in regeneration efficiency will likely be linked to an upward trend in 
boiler heat demand. Having spotted these by eye, regression analysis is 
useful to assess the trend with greater rigour. 

relative level 

 
relative level / 
difference 

 

Some of the events spotted are where the behaviour of the system is 
steady and would appear normal, but the relative level of one or more of 
the traces is questioned. It may be a set-point is too high or low. This is 
much harder to spot without some knowledge of what alternatives of 
operation are possible. 
 

Difference in relative level is essentially the same as the “relative level” 
category above, but instead of the absolute value, this issue spotted 
relates to the difference between two traces 



188 
 

system on / time 

 
system on / order 

 
system on / conflict 

 

By “system on” we mean that a signal is present in the system that is 
unexpected in its presence or behaviour. This relates to a signal (perhaps 
binary on/off) rather than a measured level of a flow or temperature. As 
such it presents a different pattern to the observer than those described 
already. Spotting issues of this kind requires an understanding of the 
typical operation modes of the system. 

unusual operation 

  

 

The plant appears to be running in a non-standard way. Either through 
operator choice, operator error or a plant malfunction. To spot this 
requires understanding of what is “standard operation”. 

 

Table 4-18 describes the seven issue types that have been identified in section 4.2 and 

summarised in Table 4-16. Within the category “step change”, for example, we see a number of 

different events that do not seem to share a common cause or even type of cause; only a common 

presentation of resulting impact on a data trace. The issue types are, simply put, collections of 

time series shapes that indicate that something has changed beyond the standard mode of 

operation. Of course these shapes are also seen in normal operation. The key to using the 

knowledge of these shapes is to also be able to attach the context to the shape as discussed 

earlier particularly with regards to production codes. For example “disturbance” is an entirely 

expected shape during CIP but not during pasteurisation. 

With the visual analysis from section 4.2 we have used our human judgement to pick out issues 

that seem to occur; these were then analysed to understand any relevant energy and cost 

implications. The issues were then discussed with operational staff on the sites. The point of 

identifying the architypes in Table 4-16 is first to identify if the issues that are going unseen are 

worth bothering about and if they are; what are the best ways to identify when these things 

happen? The categorisations in Table 4-17 can be helpful in developing algorithms for automatic 

identification of issues.  
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As identified by Rengaswamy (Rengaswamy & Venkatasubramanian, 1995), the operator must 

interpret vast amounts of sensor data in undertaking the role. Decision making support can be 

provided when trends and patterns in data can be spotted and highlighted to the operator only 

when the operator should review or act. Within their work, they break such patterns as identified 

in Table 4-18 down further into “primitives” or shape elements that are at their simplest level such 

as a flat straight line, or a ramp, or an upward concave curve and so on.  

In this first analysis we are using techniques for exploratory data analysis. Exploratory data 

analysis is a set of tools and methods that can be used to get a good first understanding of a data 

set. More particularly it is a philosophy for exploration before settling on any one method of in 

depth analysis. A key principle is that we are using primarily our visual appreciation of the data to 

improve understanding but not necessarily produce a confirmed answer (See preface  (Tukey, 

1977)). We can simplify the data to aid understanding and look at examples without needing to 

have an exhaustive coverage. As we improve our understanding of the data we can turn to more 

sophisticated analysis options. The process is alike to detective work. Tools that may be used 

include stem and leaf display, box and whisker plots, simple plots x vs y, residual plots, smoothing. 

The data presented in the graphs in section 4.2 is time series data. Once we have gained a visual 

understanding of the data and used that to highlight issues; we need to be able to convert that 

understanding into robust analysis. 

We require a robust analysis of the visual understanding, this is developed further in the 

remainder of this chapter. It is one thing to spot issues worthy of investigation, but we then need 

to consider how the operator might interpret the issues: what information is helpful to taking the 

right action and if we’re asking too much of the operator to be able to spot all the issues that 

might occur.  

4.3 How to know if it’s worth acting on? 

In section 4.2 we identify a number of issues that seem to be possible causes of energy 

inefficiency. In undertaking the EngD work we have time to extract data that helps us interrogate 
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these events and issues further; calculating energy consumed (kWhs) or difference figures and 

turning these into cost figures based on the assumptions set out in 4.2.1. For each issue we first 

seek to understand what the issue that we have spotted is, and then we work out the energy 

implications verses an alternate (usually more efficient) period of operation. The role of the 

operator doesn’t typically allow the time required to investigate each anomaly that could be 

spotted. Some anomalies can seem to be drastic when spotted “by eye”, but under closer analysis 

their effect is less dramatic. A good example of this is the difference in fouling rates on P5 & P6. 

Within this section we look at the issue of interpretation of the technical analysis – i.e. how the 

operator may visualise and interpret information such as that from section 4.2.3 and how that 

information may be interpreted within the context of the operator role. We take one example, 

that of issue 15, the deterioration of efficiency on P5&P6, site Z. 

At site Z, on unit P6 a noticeable trend was visible over the data period (see Figure 4-28). This was 

the reduction in efficiency on the regeneration unit. Pasteurisers P5 and P6 run in tandem; P6 

pasteurises cream while P5 pasteurises skim. The skim element is a much larger volume (from the 

volume of raw milk; 94-95% will become skim, 5-6% cream); in addition the viscosity and fouling 

factor for cream is much higher. The viscosity of skim milk ranges between 1.5-1.8 cP (mPa/sec) at 

20°C (Chapter 1: Properties of Milk and Its Components, 1997) for cream at 45% fat the viscosity is 

48cP29. During a run, P6 fouls at a much quicker rate than P5 and this can be most easily seen in 

the regeneration efficiency. 

When viewing the regenerator efficiency time series data for P6 (Figure 4-28); a negative gradient 

can be seen each run and this is steep enough to catch the human eye. But the questions are:  

Is it worth the operator intervening and at what point?  

What information would the operator need to make use of the information on screen?  

 
 

 
29 https://www.michael-smith-engineers.co.uk/resources/useful-info/approximate-viscosities-of-common-liquids-by-
type 

https://www.michael-smith-engineers.co.uk/resources/useful-info/approximate-viscosities-of-common-liquids-by-type
https://www.michael-smith-engineers.co.uk/resources/useful-info/approximate-viscosities-of-common-liquids-by-type
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Also, the P6 regeneration efficiency trend is only available on this unit due to the collection of data 

logger data. Are there any trends from the existing SCADA data that would reveal the fouling? 

The changes seen in regeneration efficiency were reflected in perceived changes in the heat 

transfer value (Q kW) for the hot water heat exchanger on P6 (PHE4 see Figure 4-5). 

Figure 4-38 shows all runs of P6 for the data period available, that are over 50minutes long. 

Shorter runs were excluded due to the possibility of having included non-standard runs and 

periods of operation that appeared to be runs but were not. All runs are overlaid on each other, 

starting from 0minutes at the origin; the calculated regression line for each run is also overlain. 

The data is for the heat transfer, in kW, for the hot water heat exchanger PHE4. By eye inspection 

of Figure 4-38 suggests that for many of the runs the heat transfer rate increases over the run. 

 

Figure 4-38 Q kW heat transfer on P6 phe4 (hot water) for multiple runs of cream pasteurisation along with calculated regression 
lines for each run 

This is what is expected for this heat exchanger; as fouling becomes more severe the regeneration 

efficiency (amount of heat transferred in regeneration unit) would decrease leading to more heat 

being needed subsequently in the hot water based heat exchangers, to get the product up to 

temperature and the heat transfer characteristics of PHE4 itself would decrease resulting in more 

heat being required. 
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Some runs appear to foul at a greater rate than others as shown in Figure 4-39. Run 43 has a steep 

regression line, however the change appears more of a step change than a gradual fouling. Run 47 

could be interpreted as a series of step changes.  

 

 

Figure 4-39 Q kW heat transfer on P6 phe4 (hot water) for two runs of cream pasteurisation along with calculated regression 
lines for each run 

If the regression lines alone are viewed without context as in Figure 4-40 then it may appear 

clearer that most runs have an upward trend in heat transfer (Q) in phe4. But to view the 

regression lines only risks losing the necessary context to help understand what is actually 

happening in the process. The next question is: How good a fit to these runs are the regression 

lines and are we really observing an increase in heat transfer (Q)? 
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Figure 4-40 regression lines only for Q kW heat transfer on P6 phe4 (hot water) for multiple runs of cream pasteurisation  

 

The regression lines were calculated in a statistical software package that also produces statistics 
regarding the “goodness of fit”. The r2 value tells you how closely the straight line regression fits 
the data. The values of r2 generated for the gradients plotted indicate that the fit is poor as shown 
in Table 4-19. A value of 0.75 or greater (bold in table 4-19) is typically the threshold to decide 
whether the regression line is a good fit (Hair et al., 2014) with 0.5 equating to a moderate fit. 
Nevertheless, r2 may not be the best measure of how well a regression line describes what is 
happening. 

Table 4-19 regression data for QkW heat transfer phe4 on P6 runs (runs shorter than 50mins excluded) 

Run no. No. samples slope r2 

14  331   -0.00349  0.07394  

17  401  0.01361  0.68732  

18  326  0.00826  0.18543  

21  386  0.01732  0.73009  

22  109   -0.00176  0.00643  

23  351   -0.00176  0.00643  

24  503  0.00959  0.53486  

25  255  0.01232  0.46916  

26  183  0.02989  0.79329  

27  250  0.01941  0.63327  

28   88  0.03868  0.34568  

29  302  0.00446  0.15083  

33  203  0.01954  0.58261  
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34  203  0.00068  0.00185  

35  485  0.01152  0.61906  

36   92  0.01176  0.10943  

37  207  0.00435  0.05120  

38  112   -0.00393  0.03687  

39   52  0.03739  0.31932  

42  189  0.01729  0.48098  

43  248  0.03160  0.80817  

44  116  0.00912  0.14914  

45   69  0.05656  0.68991  

47  659  0.01061  0.78650  

48  403  0.01019  0.60981  

49  118  0.01153  0.15532  

50  281  0.01402  0.52242  

51  485  0.01494  0.81564  

52  416  0.00647  0.08279  

53  340  0.01724  0.71592  

56  185  0.00315  0.02984  

57   75  0.00113  0.00049  

58  155   -0.03017  0.68589  

59   74   -0.00157  0.00213  

62  138  0.00067  0.00043  

63  256  0.00061  0.00025  

 

For some of the events such as 8, 10 and 20 shown in Table 4-16 it is more obvious that a change 

should be made; certainly if it is an operational or capital one off fix. But here we have a trade-off 

between operational choices (carry on running or CIP); the right decision cannot be inferred from 

the chart (certainly not with the information as it stands).  

The r2 values in Table 4-19 suggest that no action should be taken for most runs as the data does 

not fit well enough to a straight line to be sure that a statistically significant change is taking place. 

However, if given the raw plotted data, the operator will not have r2 values. But they will, as 

already stated, see a trend that appears to show deterioration, and may be prompted to act. 

All of the actions in section 4.2 required some further quantification to check; it is an important 

factor to consider in creating a method (chapter 5) to make the process as robust as possible for 
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the easy assessment of events including repetitions of ones already seen and also new events that 

may not have been come across before. The operator does not have the capacity within their role 

to perform calculations and quantification to check whether an issue that appears to be happening 

is significant enough to act on. 

A likely action that an operator may want to take is to run an early CIP. In this case it would be 

useful to understand the cost of a CIP to compare against the potential costs of an increasingly 

inefficient pasteurisation run. We explore this further now. 

Using the data available on hot and cold (chilled) water use; the cost of a CIP has been calculated 

and on average is £40. This figure includes a sizable amount from cold water (which should be 

investigated by the site but is likely linked to the same issue that affects water, flush and product 

circulation as discussed in issues 18 and 20).  

The heat transfer rates for each heat exchanger had already been calculated and were available as 

a data input. The heat transfer data for P5&6 heat exchangers was isolated for when the CIP step 

number (a SCADA tag value for CIP stages) was not equal to 0 for P5 or P6, meaning that CIP was in 

process. The hot water use and cold water use for each pasteurisation unit was calculated. The 

total number of CIPs within the data was 24. The total heat transfer for each pasteurisation unit 

was found. 

Over the 2 week data period P5 was in CIP for 4849 minutes, or 80.817 hrs. P6 was in 

pasteurisation for 3629 minutes, or 60.482 hrs. The values of each are as follows (units are KWh): 

P5 hot water use during CIP over the data period = 20,862 kWh  

P5 cold water use during CIP over the data period = 17,654 kWh 

P6 hot water use during CIP over the data period = -1,296 kWh 

P6 cold water use during CIP over the data period = 3,620 kWh 
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The total cooling use for P5 on CIP over the data period is 20862 kWh. There are 24 cleans in the 

period. Energy use is 869kWh per clean for P5 cold or chilled water element (though it is 

important to ask why there is a chilled water element as per issues 18 and 20). Assuming a 

coefficient of performance for the chiller of 3.5 and an electricity cost of 8p/kWh: 

869 / 3.5 * 8p/kWh = £20 per clean cooling wise. 

The total heating use for P5 on CIP over the data period is 17,654 kWh. There are 24 cleans. 

Energy use is 736 kWh per clean for P5’s hot water element. Assuming a boiler efficiency of 80% 

and a cost of gas of 2p/kWh: 

Heating cost: 736 / 0.8 * 2p/kWh = £18.40 per clean heat wise 

The cold water use on P6 for CIPs over the data period is 3,620 kWh. There are 24 cleans. Energy 

use is 150 kWh per clean for P6 chilled water element. Assuming a coefficient of performance for 

the chiller of 3.5 and an electricity cost of 8p/kWh:  

Cooling cost: 150 / 3.5 * 8p/kWh = £3.40 per clean cooling wise 

Combining the above elements gives a CIP cost of approximately £40. This amount does not take 

account of chemical costs or the cost of stopping the process in terms of reduced operating hours 

to manufacture. We plot the cost per hour of the energy cost of the hot and cold water to the 

process. In order to judge if an early clean is justified we need to see an upward trend in cost per 

hour such that the area “under the curve” is greater than the cost of the clean as a minimum. In 

this situation it is very clear that while there may be a slight increase in the cost per hour over the 

period of a production run (in the order of £1) it does not come close to justifying the cost of an 

early clean (Figure 4-41).  

The point of this exercise hasn’t really been to identify whether it is useful to clean early when 

fouling is spotted (though it is useful to know this). The point is that a busy operator may see 

things in the trace that look like issues, but has to have to hand the information that will allow 

them to make sensible judgements without needing to sit down and calculate anything separately. 
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Figure 4-41 Total energy cost £/hr (hot and cold water cost) during production 

The cost per hour trend was useful in this exercise. A cost per litre trend was also calculated; this 

was helpful for comparison across a product run where the throughput may change. As 

production, CIP and water recirculation have quite different flows; it can be helpful to look at both 

to see if a change is being influenced by changes in flow. 

These cost trends were not included in the data reviews shown in section 4.1. We have gone back 

and applied these trends to data in order to see if the events that were spotted would have been 

visible on these cost trends. 

 
Table 4-20 Would the addition of a £/hr or £/l trace allow the issues from Table 4-16 to be spotted? 

Name Representation of 
shape 

Cause Visible on overlain cost trends? 

Unsteady 
pasteurisation 
temperature 

 emptying of a tank of 
recovered cream 

Yes. An improvement in efficiency, 
would have been seen as a 
reduction in the cost trend 

Cream 
pasteurisation 
temp’ drop 

 
recipe for cream 
dispatch 

Yes. The cost of cold water use 
increased, the hot water cost 
decreased 
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Run starts 
85degC rises 
to 90degC 

 
incorrect recipe Yes. The cost of cold water use 

increased, the hot water cost 
decreased 

significant 
jump in flow  

operator imperative 
to make up volumes 

No. The event had little impact on 
hot/cold water cost. However the 
change was very marked in the 
flow trace. 

dip in 
efficiency at 
end of run 

 
was actually a 
product change 

Yes. Hot and cold water cost 
increased. 

difference in 
efficiency 
over a run 

 

was actually excessive 
silo changes 

No. Cost changes minor. 

Specific unit 
low efficiency  

unit sizing, design and 
maintenance 

No. Unit had historically run at this 
level, could only be spotted if 
comparing values to other plants 
perhaps. 

recovered 
water circuit 
issue 

 
recovered water 
circuit lacking 
capacity 

Yes. Hot water cost increases 

excessive 
water 
recirculation 
time 

 

scheduling issues Yes. Hot and cold cost increases 

excessive 
water 
recirculation 
temperature 

 

“just because” system 
could be at that 
temp’ 

No. Cost of hot water increases, 
but there is no information to 
compare with recirculation at the 
lower temperature 

product 
scheduling  

scheduling issues No 

run time and 
stabilisation 
of system 

 
excessive water 
recirculation 
temperature  

No. As the higher pasteurisation 
temperature was standard. This is 
unlikely to be spotted. 

flow during 
shutdown 

 

unknown cause No. Cost was not significant, 
though it would have been visible 
from flow trace. 

difference in 
heat transfer 
across 
regeneration 
unit 

 

leakage, fouling, or 
design 

No. This can be picked up from 
comparing Q traces for each heat 
exchanger but not for the heating 
and cooling cost trend, particularly 
as it is a historical issue. 
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specific unit 
falling 
efficiency  

fouling Yes 

cold section 
HEs 
difference 

 

leakage, fouling, or 
design 

No. This can be picked up from 
comparing Q traces for each heat 
exchanger but not for the heating 
and cooling cost trend, particularly 
as it is a historical issue. 

flow after CIP 

 

unknown cause Yes. Cost of hot and cold water 
visible. 

P6 flush 
circulation 
and product 
circ 

 

unknown cause, 
system fault 

No. This can be picked up from 
comparing Q traces for each heat 
exchanger but not for the heating 
and cooling cost trend, particularly 
as it is a historical issue. 

cold water 
during flush, 
water and 
product 
circulation 

 

previous inefficient fix 
to control system 
issue 

Yes. Cost of hot and cold water 
visible. 

4.4 What data do the operators need and in what form? 

Having identified events by eye, the question is: “how will the operators spot these issues?”, but 

also, as explored in section 4.3, “how will the operator know that they should act on the issue?” In 

part it is simply about making the raw data available in a suitable visualisation tool, but in addition, 

the operator requires some contextual information to help them with interpretation. The sites of 

the two companies studied have different software facilities available; the options and issues are 

discussed in this section. To create an effective visualisation tool we need to ask: What are the 

KPIs or key trends to be monitored that give the operators the best insight into the efficiency and 

energy consumption of the process, along with placing that consumption data into context?  

A straightforward option might be to show the data in a time series visualisation (similar to that 

shown in Figure 4-37) and include a calculated trace of £/hr or £/litre (product processed) overlaid 

onto the time series. The operator can see if the cost trends are increasing or decreasing, or if 

there has been a step change from the typical level of cost for that operation.  
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For some of the issues that occur on the pasteurisation unit it may be more difficult to spot due to 

compounding problems such as changing product specification and missing temperature data etc. 

as identified in Table 4-20 this is discussed in more detail in section 4.5.  

For pasteurisation unit P5&P6 studied in 4.2 some of the regeneration temperatures were missing. 

In order to be able to work out the regeneration efficiency and heat transfer across all the heat 

exchangers (and hence the cost of the total energy use) it was necessary to install temporary data 

loggers. This means that on an ongoing basis it would not be possible to include a £/hr trace on 

the custom trend. The custom trend in this situation would therefore need to be more complex, 

and would include almost all available data from the pasteurisation unit. This is because issues in 

different temperatures wouldn’t be picked up in an overall cost, due to it not being calculable, but 

would have to be seen in the individual temperature trace itself. 

We discuss below whether the issues in Table 4-18 would have been spotted if some regeneration 

temperature data was missing from each of the units: 

Plotting all the temperatures would give opportunity for something like the recovered water (issue 

8) to be spotted as the step change in temperature can be seen fairly clearly (Figure 4-15).  

Plotting flows would pick up flow related issues such as disturbances, step changes and flows 

when there should be none. 

The issues relating to cold water running when it shouldn’t (during flush, water and product 

recirculation) could be picked up from the output temperature, but this is harder to spot as it is a 

low temperature and the trace appears low on the graph out of the main field of vision. 

Dips in efficiency could be detected if valve position data is recorded - however this is not always 

available. The issue relating to difference in cold section heat exchanger heat transfer (issue 16) 

couldn’t be identified just from temperature traces or flows. 

The other problem is that discussed in 4.3.: How do the operators know an issue is worth acting 

on? Certainly without the regeneration temperature and associated heat transfer calculations it 

would be a much harder task to work out something like a cost figure to help advise decision 
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making. It is possibly a task that machine learning could be helpful with. This is discussed further in 

section 4.5. 

Finally for this section; we must ask if there are other ways of presenting the information other 

than time series visualisations. On the sites resource efficiency is not just a matter of energy use; 

chemical use and water use can be priorities for reduction at sites depending on costs and site 

restrictions. At site Y water reduction was a priority. Water use data was available and fed back in 

daily reports. The operators tended to rely on experiential knowledge of “what would save water”. 

So taking this action has been beneficial in the past. At site Z chemical reduction was prioritised. 

Again it was dealt with through experiential knowledge. A wipe clean board in the control room 

was used to highlight key figures and targets such as the one shown in Figure 4-42. 

 

Figure 4-42 process KPIs board 

Physical boards are a popular way of communicating critical information in the control room. The 

necessary interaction with the board to update it giving a means of encouraging more 

engagement that might be found with numbers scrolling on a digital display. The EU funded 

project MAESTRI30 project on resource efficiency in process industries includes physical boards; 

the “Eco Lean Management Board” as one of their key recommended channels of communication 

within their management system recommendations. There is certainly a limited amount of 

 
 

 
30 https://maestri-spire.eu/ 
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information that can be conveyed by a physical board; it seems quite opposite to a live feed of 

process data. High level changes can be highlighted but more granular data is needed to be 

actually able to understand the detail of what is happening on the process. 

4.5 Can the human eye spot everything? 

The human eye is very good at spotting anomalies and changes to patterns as discussed in section 

4.2.4. In particular where the issue resulted in a distinct visual pattern such as highlighted in Table 

4-18. The field of Exploratory Data Analysis makes use of this ability with its focus on 

understanding the data in a qualitative sense before the process of more detailed specific analysis 

commences. (Preface (Tukey, 1977)).  

However there are limits to what the human eye is capable of spotting. These can be broadly 

summed up in two categories: 

Ergonomics 

Complicatedness 

We will look at these issues in a little more detail. 

4.5.1 Ergonomics 

Much literature exists on visual and cognitive ergonomics including a BSI publication “ISO 11064-

1:2001 Ergonomic design of control centres. Principles for the design of control centres.” 

The topic of attention and specifically “selectivity” and “capacity limits” are dealt with in 

publications such as (Broadbent, 1982) and in chapter 2 of Osherson(Daniel Osherson, 1990)). 

Much of this literature deals with the specific research into human cognition. In terms of the 

application of this study in a control room setting we can look to the concept of “Situational 

Awareness”. This is a term originally from military situations and specifically World War 1; it deals 

with the myriad challenges faced by an operator relating to the process or the human machine 

interface (Nazir, Colombo, & Manca, 2012) (Adams, 1995). It was defined by Endsley (Endsely, 

1994) as “perception of elements in the environment, the comprehension of their meaning in terms of task 
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goals, and the projection of their status in the near future.” The study of Situational Awareness gained 

importance in safety critical industries such as nuclear and aviation. Research on alarm fatigue can 

also be found in the realm of the medical and health care industry (Cvach, 2010). Alarm fatigue 

results when a person is exposed to an excessive number or frequency of alarms. Their ability to 

notice and differentiate becomes compromised and critical alarms can subsequently be missed. 

In practical terms we also want to know about alarm fatigue and the limits to visual intake of 

information. The relevance being that we are proposing increasing the amount of information that 

an operator takes in. Literature in this area is particularly strong in health care, rather than an 

industrial setting, but the findings still have relevance.  

Kaber & Endsley, (1998) identify the elements of team situational awareness (SA) as how well 

members of the team are able to identify problems, recognise the need for action, identify the 

root cause of a problem, exchange information with others, have an awareness of differences in 

SA between team members and an understanding of overall goal. 

The ability to develop team situational awareness is influenced by ideas of how the system should 

work or shared mental models. How complex are the objectives of the process and the 

interactions of different processes will also have an impact. The skills, experience, abilities and 

training of team members influence the input each member can have as will the organisational 

culture. 

Section 3.3 observed and discussed these points in action. The role of the dairy plant operator is to 

schedule and run the process and deal with issues that arise. They have a strong understanding of 

the outputs needed and what the key criteria to prioritise are such as safety, product quality, 

water minimisation etc. Communication across the team and other departments is important in 

undertaking the role. There are understood hierarchies of experience and more junior members 

will be very clear on what issues they seek a second opinion on. 

Barriers to developing team situational awareness include (Kaber & Endsley, 1998): 

· unavailable process resources 
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· information quality and availability 

· lack of information sharing 

· poor teamwork and interpersonal conflict 

· poor information system reliability  

· instability of the organisation 

· shift work effects 

· operator fatigue 

· stretched human resources 

· poor housekeeping and maintenance 

As identified in 3.3 the lack of information on energy by and large prevents action and 

understanding of the level of efficiency of the unit and how it could be improved. In addition to 

this; its lack of priority in communication from management also becomes a significant 

barrier.  Shift work effects, operator fatigue and stretched human resources may be a factor. 

However, poor teamwork, poor information system reliability, and instability of the organisation 

were not observed to be an issue in the sites visited. 

(Nazir et al., 2012)further defines situational awareness: 

“Level 1 - Perception. The perception of the condition, attributes, and dynamics of relevant elements 

in the environment. Level 2 - Comprehension. The understanding of the situation based on an 

amalgamation of elements of Level 1 to form the whole picture of the environment. Level 3 - 

Projection. The projection of the near-future of the elements in the environment.” 

But for the operator of any modern process plant, there are issues arising from the complexity of 

the plant (Nazir et al., 2012); the interconnecting process elements, scheduling tasks, the need still 

for the human operator to interpret what state the plant is in and anticipate faults and 

problems.  Errors and omissions can lead to safety and quality issues even with something as 

innocuous as dairy products, but also the costs of unplanned stoppage are significant on a low 

margin industry.  
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As identified by (Nazir et al., 2012); the complexity in industrial process control typically has the 

following elements: 

· The flexibility to balance multiple tasks and priorities  

· The evaluation of real-time data, alarms and parameters simultaneously 

· Coordination with other team members 

· The importance of the decisions and actions and the knowledge that consequences can 

be severe. 

The list above mirrors the observations made within section 3.2. The operators were observed 

undertaking the first three points in the above list and it was clear that the importance of their 

role with regard to product safety and process financial outcomes was ingrained within the 

operator.  

 

 

Figure 4-43 three-level model for control room operator (from (Nazir et al., 2012)) 

Team Situational Awareness has particular relevance in a control room setting during a shutdown 

or malfunction where communication and decisions have to happen rapidly and the decisions may 

well be “non-standard”(Nazir et al., 2012)(Kaber & Endsley, 1998). 

All this defines how an operator successfully undertakes their role. In order to act on energy 

related issues the level 1 information (Figure 4-43) has to include energy and there has to be 

motivation to include energy in level 2&3 comprehension. In the control rooms studied in chapter 

3, the question is: At level 2 is energy even a parameter never mind an important one? 
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As shown in Figure 4-43, the operator must be able to understand the effect of changes on the 

process in order to make an energy related change and as per level 3 – know that they won’t 

adversely affect the process by making any changes. This leads onto the other element of 

“complicatedness”. 

4.5.2 Complicatedness 

We have discussed ergonomics and situational awareness – i.e. how can the information be made 

clear to help the operator interpret it. But what if the information is just too complicated to 

interpret? We will explain further with an example that arose with one of the sites in the 

remainder of this section. 

At an early stage of reviewing the first pasteurisation plant data received; an assumption was 

made that was an error while undertaking the by eye review. During a pasteurisation run brief 

disturbances in the flow were noted with an accompanying change in the efficiency of 

regeneration. It was assumed that a disturbance in flow had allowed fouling to occur which was 

then affecting the energy consumption of the heat exchangers (see issue 5 & 6). When this issue 

was discussed with operators; it was pointed out that although the plant in question always 

pasteurised cream; there were differences in the cream. These differences depended on whether 

or not the cream was “raw cream”, and had recently been imported to site. The composition of 

the cream could also vary between silos waiting to be processed. In addition; a category of “cream 

dispatch” was cream that was about to be sent to another site and so therefore ran with a recipe 

that cooled the cream to a lower temperature after pasteurisation. Finally; “recovered cream” was 

cream that had previously been pasteurised but had been flushed out of the system with water 

either during a changeover or due to a problem causing pasteurisation to stop. Within a single 

pasteurisation run the source silo and source type of cream could change multiple times. Given 

the similarity in product; no CIP was required, just a brief water flush. As this was the first site the 

thought had not occurred to challenge the information that this unit “just pasteurises cream”. For 

our host site; it had not occurred that the change in cream specification was relevant information. 

Clearly this incident taught us to ask more detailed questions about product changes, but also it 
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illustrated how issues such as product changes can obscure understanding of efficiency. The 

changes in product explained the changes in efficiency, but how much of a change was 

acceptable? The answer to this wasn’t clear. 

For another of the pasteurisation units the product change was far more pronounced. The unit 

pasteurised yogurts of different varieties each having a unique identification number and a 

different make up in terms of fat content, ingredients etc. The range of efficiencies across each run 

of each product number is shown in Figure 4-13. It can be seen that there is a spread for each 

product but equally the average and median would vary between each product.  

For this second unit, 4 to 6 runs of different products, each 3-4hrs long would occur between CIPs. 

Each run would be interspersed with a sanitisation step using hot water to flush through the 

system; followed potentially by a water recirculation period.  

All this highlights a particular problem (of complicatedness) within the datasets used; that the 

product specification changes regularly within production runs. Each product type has slightly 

different characteristics such as percentage cream, viscosity and incoming and outgoing 

temperature; flow also varies. These changes affect the heat transfer characteristics and have an 

impact on the apparent regeneration efficiency, but critically it makes spotting inefficiency 

incredibly difficult to the human eye as can be seen in Figure 4-44. It is unclear if the changes in 

regeneration efficiency are related to the change in product or a problem with the plant.  

4.5.3 Potential data analysis and visualisation options 

Given the issue of changing product specification creates difficulties with visual identification, 

what other options are available to allow efficiency issues to be identified? The work presented in 

section 4.3 indicates that, in answer to the question posed at the start of this section, the human 

eye cannot spot everything. We then can consider if there are data analysis options that do not 

rely on the operator being able to spot all inefficiencies within the data. One option is that a 

model could be created to analyse the dataset to understand the typical regenerator efficiencies 

associated with the different product types and flows in order to identify a range of efficiencies. 
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That range can then be used to flag up whether the efficiency is acceptable based on past 

benchmark performance. 

The operator has to be able to receive relevant energy information in order to make useful 

decisions regarding the process. The information has to be ergonomically helpful i.e. presented in 

a way that is clear and takes account of human cogitative abilities. The data presentation also has 

to be able to overcome issues of complicatedness or if it will be too complicated for the operator 

to interpret then the interpretation must happen by other means such as computer analysis. 

 

 

Figure 4-44 changing product type and impact on heat transfer and efficiency 

The aim of the model is to spot when the efficiency of the regenerator has dropped to a point 

where cleaning to reduce fouling would be beneficial or where some other issue may be affecting 

efficiency and investigation is required. The analysis should identify if a particular run of a product 

is within an acceptable efficiency range given that it is not possible to compare efficiency of two 

different product runs just by looking at the tag and basic calculated efficiency. An efficiency of 

85% may be acceptable for one product where input temperature is reduced; but unacceptable 

for the next (different) product.  
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Figure 4-45 mock-up of run regeneration efficiency relative to normal distribution of regeneration efficiencies in runs of that 
product 

The next step is to identify a trend in the regeneration efficiency during a process run. For example 

as shown in Figure 4-45 we need to identify in what percentile of typical performance for that 

product does current performance sit? If the trajectory across the different products starts 

deteriorating significantly; the model should identify this so that operators can intervene in the 

process. 

To make an informed decision regarding whether the efficiency of a particular run is acceptable, 

requires comparison with previous runs of the same product or some context regarding what is 

achievable for a product of particular composition. 

If using a rolling time series view of the data; it becomes difficult to compare the performance of 

previous similar runs even if separated by only one run of an alternate product.  

In this case, more detailed analysis of the process is needed to either: 

compare the current run against previous runs of the same product, or 

develop a measure that accounts for product differences 

The specific dataset analysed here consists of SCADA data. The specific data relates to one 

pasteurisation unit over three sets of two week periods with a 1 minute sampling interval, 

amounting to approximately 60,000 data sampling points per attribute. The full dataset includes 
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temperatures across the system (before and after heat exchangers, flows, pressures and product 

type information. 

The dataset available allows calculation of heat transfer. Calculated fields have been added for 

regenerator efficiency, heat transfer across the regenerator and heat transfer for heating 

operations. 

The data is from three different periods of normal operation, it includes periods of downtime and 

cleaning. The data includes sets from April 2017, June/July 2017 and May 2018.  Crucially, in May 

2018 it was known that the plant had had changes made as a result of recommendations from the 

analysis in section 4.2. Namely the plant was known to be operating much more efficiently after 

this change; the performance after the changes can be identified as “target” or benchmark 

performance. To prepare the data we remove the sections of data relating to downtime and 

cleaning as these have different characteristics. Two weeks’ worth of data is sufficient to ensure all 

the different product configurations are present. The site processes different products each having 

different set-points and product characteristics. In developing the model we focused on events 

that happen during running. To make the task easier the model was developed on a dataset that 

includes only data from operational pasteurisation. However, eventually the model should be 

reviewed and tested to ensure it can cope with differentiating between periods of running, 

cleaning and downtime. If there are inefficiencies that occur during cleaning and downtime the 

site should be made aware of them. This is a harder task so should be considered as a two stage 

process. There are various issues that impact efficiency of the plant overall: 

· Amount of time in water recirculation (hot water is circulating instead of product to keep 

the system up to temperature) 

· Product scheduling decisions (running the same product in longer run instead of product 

A, flush, product B, flush then back to product A) 

· Deteriorating regenerator efficiency (due to fouling) 

This analysis focuses on regenerator efficiency, which is only relevant during pasteurisation. Other 

issues impact different stages of operation. 
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The data set available for training and testing is large, with over 60,000 records per data 

measurement point. The plant is only operational (in pasteurisation) for 40% of the time. In 

addition we need to compare across products which may only have 5-10 runs within each two 

week period. Before splitting the dataset into training and testing sets it is important to stratify the 

instances by class (pasteurisation or other), also by product and ideally randomly select instances 

from each class proportionally. However, given the small amount of data for each product, the 

model has been built using all the data for one product. The data for each run includes noise and 

will tend to have a slope as the heat transfer or efficiency generally deteriorates over a run. 

In order to determine what deterioration was seen in regeneration efficiency over each run; the 

data was analysed. The form of the data was minutely interval SCADA data plus some calculated 

items (UA calculations for each heat exchanger, separated out by each product). The time series 

analysis can be broken down as follows (and as shown in Figure 4-46): 

1. a method that automatically removes anomalous start and end data from an individual 

run. (Table 4-21) 

2. a method that linear fits what remains, and reports how good that linear fit is. (Table 4-22) 

3. a method that compares the statistics of a run to the expected statistics for that product ( 

 

Figure 4-46 Entity relationship diagram for manipulation of data 
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Data for P7 was provided for 3 separate 2 week periods, April 2017, June July 2017 and June 2018. 

It was known that one of the regeneration heat exchangers (regen2) had not been working. This 

was something that the work described in section 4.2 had detected at the site. In particular that 

the regen2in and regen2out sides of the heat exchanger were unbalanced and that heat was being 

lost from the system at this point. In May of 2018 the regen2 section was bypassed. From this 

point onwards the whole system could be seen to operate with improved efficiency. We analysed 

the data as per the previous 2 steps.  We were able to use this known difference in performance 

to undertake supervised machine learning. 

Using the April 2017 and June 2018 data; the data was sorted for each heat exchanger in P7. This 

initial step involved calculating heat transfer values for each heat exchanger (rather than UA); 

separating the data out by each heat exchanger, and then each product and each run of that 

product. For each run we evaluated the start and tail end of each run due to product change over 

then snipping the run to remove any peaks at the start and end as per Table 4-21.  

This gave sets of data for each heat exchanger, which could be interrogated by product and run to 

extract any individual tag data for that run, and heat transfer (Q). 

This analysis is to allow comparison of the "statistics" at the whole-run level, across selections of 

runs of the same product. 

We now discuss the work done to create the model in more detail. The work explores the analysis 

steps necessary to identify if there is deterioration in the process when this is difficult to see by 

eye. The work does not constitute the creation of a software solution that could be used by 

operators, but constitutes requirements elicitation for such a tool. 

A method that removes anomalous start and end data from an individual run 

Each run was identified for that product and the starting run up stripped off. The run-up is a 

period of time when the operator has told the SCADA system that pasteurisation is required and 

the system is getting ready regarding temperatures. However, there is no product in the system 

until the operator is happy that the correct temperatures have been reached.  
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The data was compiled into MATLAB data structures termed "tables" such that it could be 

referenced by product code and run number. It was also noted that the end of some runs had 

disturbance which would need removing in order not to skew the data. The data for a particular 

run can be plotted to view the start and end spike. All spikes seen were less than 10 minutes in 

duration. The standard deviation of all the data except for the first and last 10 minutes was 

calculated.  Then in the first and last 10 minutes the script identifies the last and first point which 

is outside those bounds (mean +/- 3std deviations) and removes it and everything that 

precedes/follows. This is done in a loop for the data on all runs of all products and the results are 

saved (Table 4-21). 

Table 4-21 algorithm to remove anomalous start and end data from an individual run 

Step 

number 

Algorithm Step Details  

1 Clear all previous data and then load the data set to be analysed31 

2 Select which run, product and heat exchanger. 

Option to plot and view the time series data. 

User identifies the maximum length of end-effects.  

User sets “end-effect” time value = X. 

3 For each run (on each  heat exchanger and for each product):  

 
 

 
31 i.e. the full data set for each product and run. The data could be temperature difference across a 

heat exchanger or Q (heat transfer) across a heat exchanger or UA (heat exchanger overall 

conductance). The data is separated by runs and does not include CIP or other non-production 

data, but at this stage does still include time when the system is “running-up” or “running-down” 

and there will be end effects that could skew the data. The data is also divided up into the 

performance of each heat exchanger so that a specific run of a specific product can be isolated for 

each heat exchanger in the pasteurisation unit. 
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Compute the mean and standard deviation for everything bar the last X minutes of 

the run. 

Within the last 10 minutes – identify the first point which is outside the bounds of the 

mean + 3 standard deviations. Then remove everything that follows. 

4 Repeat step 2 but for the starting 10 minutes of the run. 

5 Save the run data: 

• Data by Product 

• Data by Product and Run 

• Data by Product without end effects 

• A list of product codes included 

• A list of the heat exchanger codes 

 

A method that linear fits what remains, and reports how good that linear fit is 

In a subsequent script the data is plotted for each run and then a linear regression is performed to 

find if there is a trend in each run. A command is used for multiple linear regression33. Each run of 

each product is evaluated in turn and the results are added to a structure array (Table 4-22).  

 

Table 4-22 algorithm to linear fit to the remaining data for the run (end effects stripped off) and report how good that linear fit is 

Step 

number 

Algorithm Step Details  

1 Clear all previous data and then load the data set to be analysed32 

2 Select the heat exchanger for the overall analysis, select the product and run 

3 For the data plotted in step 2 – use a regression tool33 that produces outputs of: 

 
 

 
32 i.e. the data produced and saved as shown in table Table 4-21 
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• R2 statistics 

• Estimate of error variance 

Data is also extracted for: 

• Start value (calculated Q kW value, temp diff, or £ energy cost value) 

• End value (calculated Q kW value, temp diff,  or £ energy cost value) 

• duration of run 

3 Hold original data on the plot and overlay the results of the regression analysis 

4 Load the regression statistics created in step 3 into a structure array that indexes data 

by product and run number 

5 Repeat steps 2-4 for all products and runs 

6 Save the structure array 

7 Repeat steps 1-5 for other heat exchangers 

 

So far in the code, the regression has found the statistics for each run of each product but no 

further analysis has been performed.  

If the runs of the same product are plotted; variation in the slope of each run can be seen. It may 

be in some cases that the deterioration over the run is significant enough in its own right (intra 

run). But more importantly; the recipe for each product is such that flow rates, input temperature 

and ingredient specification vary very little. We therefore want to compare the statistics and 

performance of each run with other runs of the same product (inter run inspection). 

Statistics to compare: 

• R^2 statistics 

• Error variance estimate 

 
 

 
33 Matlab “regress” command 
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• Start value (calculated Q kW value, temp diff, or £ energy cost value) 

• End value (calculated Q kW value, temp diff,  or £ energy cost value) 

• duration of run 

There is a difficulty for some products in that over the two week period they are only run 1 or 2 

times. Even the maximum number of runs: 14 for product 63 does not offer a statistically 

significant data pool. 

Figure 4-47 shows two different representations of the runs of product 3; all runs are overlaid on 

one another with the x-axis showing minutes from the start of the run. For each run, the actual 

instantaneous UA data is shown along with the slope from regression analysis generated as 

described previously in this section. It makes little difference to the comparison whether the 

plotted data are UA, Q or temperature difference. Areas of interest are where the gradient of the 

slope varies from normal but also the start and end point.  

 

Figure 4-47 regression analysis for multiple runs of product 3 overlain in order to see if there is a tendency for deterioration in 
UA over a run 

 

We need a method of comparing the statistics in a way that will show the operator if deterioration 

or an issue has potentially occurred. 



217 
 

A method that compares the statistics of a run to benchmark statistics for that product 

The algorithm in Table 4-23 takes each run for each heat exchanger on each product (currently 

only done on product 3) and extracts features of the run.  

These features are extracted for all the runs of product 3. Table 4-24 shows the extracted feature 

data.  

Table 4-23 Algorithm to extract features of multiple runs and perform kmeans analysis 

Step 

number 

Algorithm Step Details  

1 Clear all previous data and then load the data set to be analysed34 

2 For a single heat exchanger: 

For each product number and run number extract the following: 

• DT(heat exchanger name) - the date and time at the start of the run 

• M(heat exchanger name)f - the mean value of the flow for the run 

• V(heat exchanger name)f - the variance of the flow for the run 

3 For each heat exchanger: 

For each product number and each run number, extract the following: 

• M(heat exchanger name)Q - the mean value of Q across the run 

• V(heat exchanger name)Q - the variance of Q across the run 

3 For each heat exchanger: 

Load the regression statistics created in steps 2 and 3 into a structure array that 

indexes data by product and run number 

4 Save the structure array 

5 For each product: 

 
 

 
34 i.e. the data produced and saved as shown in Table 4-21 
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Extract and name the variables (for example): 

• DTHE1 - the date time at the start of the run 
• MHE1f - the mean flow for the run 
• VHE1f - the variance in flow for the run 
• MHE1Q - the mean Q for HE1 which is the first heat exchanger in the UHT 

section and uses boiler steam 
• VHE1Q - the variance in Q for HE1 
• MHE2Q - the mean Q for HE2, the second heat exchanger in the UHT section 
• VHE2Q - the variance in Q for HE2 
• MHE3Q - the mean Q for HE3, the second heat exchanger in the UHT section 
• VHE3Q - the variance in Q for HE3 
• MHE123Q - the mean Q for all the UHT heat exchangers (HE1, HE2 and HE3) 
• MR1Q - the mean Q for R1, the main regeneration heat exchanger 
• VR1Q - the variance in Q for R1 
• MR2outQ - the mean Q for the “out side” of R2out the secondary 

regeneration unit (the one bypassed in May 2018). The “out side” is the part 
of the heat exchanger that puts heat back into the process. 

• VR2outQ - the variance of Q for R2out 
• MRWQ - the mean value of Q for the recovered water heat exchanger RW 
• VRWQ - the variance in Q for RW 
• MSCQ - the mean value of Q for the steam circuit SC, that tops up the heat in 

the outgoing product if the recovered water circuit fails 
• VSCQ - the variance in Q for the steam circuit 

6 For each product: 

Compile all variables into a table with variables as column headings and run 

date/time as row headings 

7 For each table: 

Create a copy with first column removed (date/time of run) 

Normalise data for all columns in copy of table 

8 Choose starting number of clusters 

Run kmeans analysis on table 
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Table 4-24 example data used in kmeans analysis 

 

For the analysis the first column of Table 4-24 is removed, as it contains the date and time 

information, before normalising the table. The table has no headings, but those headings would 

relate to the features listed in Table 4-23. However, as it is not necessary for the algorithm to 

identify headings these are not included. The table is then used with a kmeans function with 2 

nodes. We used the function built into the software Matlab in this case.  Kmeans is a machine 

learning technique (Journal, Statistical, Series, & Statistics, 2019). It is an “unsupervised” method 

meaning that data inputs are not labelled to give context; rather the algorithm creates the 

groupings based on the data available. Kmeans identifies k groups or “clusters” based on 

iteratively identifying how similar the data points are.   

On running the kmeans analysis; the April data falls entirely in one node, and the June 2018 falls in 

another as shown in Figure 4-48. 

The script was then re-run to create a data table with the same flow information, but instead of all 

the calculated Q values, just one non-QA temperature (mean and variance). By non-QA 

temperature we mean a temperature that is not input, output or pasteurisation. In this case it was 

TR2OutCSOut (Figure 4-4 layout of P7) however the script was modified so that any of the tags 

could be chosen.  
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The Kmeans function sorted the data into the same groups with the June ‘18 data being separate 

to the other data. The mean value of TR2OutCSOut in June ‘18 was much higher than previously 

because less heat was being lost in the system (from R2) see Figure 4-49. The effect is that the hot 

water heat exchangers need to put in less heat to bring the product up to pasteurisation 

temperature. This is a useful outcome; many of the sites do not have sufficient temperature data 

to resolve all the calculations of Q (as discussed in section 1.2).  

 

 

Figure 4-48 Results of kmeans clustering analysis on P7 run data (product 3), right hand side (blue circles) are all for the earlier 
dates before R2 was bypassed 
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Figure 4-49 results of kmeans clustering analysis (2 nodes) on P7 using only one non-QA temperature (TR2OutCSout) and the 
flow data. The right hand side circles (blue) are all runs after R2 was bypassed. 

In a simple 3 part pasteurisation unit (as shown in Figure 2-9), it is the regeneration temperature 

that is needed; if this is missing the heat transfer cannot be calculated. At site Y, the unit studied 

was a 3 part unit (Figure 4-3) with regeneration temperature. At the same site was a 3 part 

pasteurisation unit of an identical configuration but with no regeneration temperature 

measured.  For site Z however the pasteurisation units are more complex with 9 to 14 heat 

exchangers. P7 has sufficient temperature monitoring to be able to calculate the heat transfer 

across each heat exchanger. P5 and P6 do not have enough temperature monitoring points (as 

discussed in issue 16), however there are still non-QA temperatures available within the unit. 

The data for P7 is relatively categorical in that it is clear by eye that the data falls into two groups 

(Figure 4-48). It seems unsurprising that the machine learning algorithm performed as well as it 

did.  
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The analysis was re-run using a slightly modified script to create data tables for P5&P6 with both 

heat transfer (Q) values and non-QA temperatures. The non-QA temperature used was TP5RCSOut 

(Figure 4-5). 

 

Figure 4-50 results of kmeans clustering analysis (2 nodes) on P5 and P6 using only one non-QA temperature (TP5RCSOut) and 
the flow data. The analysis has separated out runs with lower flow (pink circles, bottom half of the chart) 

 

A set of runs with slightly lower flows have been clustered. Only two nodes were used in the first 
set of analysis. 

The conclusion of this analysis is that it is possible to use a machine learning technique such as 

kmeans to group runs into like categories i.e. groups of runs having similar features or 

performance. When tested with a data set that was known to have a period of poor or inefficient 



223 
 

operation followed by a period of improved operation the algorithm grouped the runs successfully 

into two categories (effectively either “poor” or “improved”). Furthermore, this analysis was still 

successful when run with only one “non-QA” temperature35. 

For a unit such as P7 where the changing product specification means that each different product 

will have a different “standard” efficiency then it is difficult to spot deterioration by visual 

inspection but this method could be used to compare runs with past performance of runs of the 

same product. 

4.5.4 A further insight 

Following on from the previous section on complicatedness; we felt it was worth sharing some of 

the experience of getting to the point of being able to have data to analyse. 

In the original site analysis a significant difference had been spotted between the apparent heat 

transfer of the two sides of what we are calling R2 (regenerator 2) (Figure 4-4). Within the data 

provided it was clear that the heat transfer in to R2 (i.e. over R2in) was 2 to 3 times as much as 

was being transferred to incoming product over R2out. This was raised with the site in a 

presentation to engineers. It was noted for investigation. On speaking to one of the operators we 

were told that R2out had been leaking and in the intervening time since the data had been 

collected for analysis - 68 of the plates had been replaced. The operator suggested that if a second 

set of data was collected on P7; then we should see an improvement in the performance of that 

heat exchanger. This request was sent back to the site contact, mentioning what we had been told 

by the operator and requesting the second data set which was duly sent. However, upon analysis 

of the data using the method above; the expected results were not evident. We had expected to 

see improved performance from the later (June July) data as compared to the April data, either 

 
 

 
35 A temperature that is not directly controlled to a set-point 



224 
 

measured as UA, efficiency or Q. The analysis was run several times but each time, the June July 

data appeared to say that the process was running in a marginally worse state.  

We undertook a process of double checking the calculations and the temperature probe data; 

finding no obvious answer. On returning to site in June 2018, we requested a meeting with an 

engineer to discuss the issue, having a set of questions as below: 

· What was the motivation for replacement of the 68 plates? 

· Was there an expectation that energy consumption would improve? 

· If so, had any monitoring of energy consumption taken place? 

Is there a reason you are aware of that R2 would be designed with such unbalanced heat flows 

(R2in has 2-3 times the heat transfer of R2out, meaning that ½ to 2/3rds of the heat is lost in the 

closed water circuit) 

· Do the two sides of R2 have equal number of plates? 

· If there is still an energy problem, could it be that the pump on the closed water circuit is 

the source of the problem? 

The engineer pointed out that the plates had not been replaced on P7 but rather on a sister unit 

(P4). Between April and July 2017 nothing had changed and the unit had likely deteriorated 

further. He did also explain that the second regeneration unit on P7 had been working so poorly 

that it had subsequently been bypassed altogether. As of more recent months in 2018 P7 was 

running more efficiently without it in place. The analysis done earlier in this section resulting in 

outputs shown in Figure 4-48 was undertaken using this full set of data – i.e. with 2018 data. It was 

the 2018 data that showed a significant change in performance, not the difference between the 

earlier April and June/July data. 

Our analysis had been correct, and in June July the situation in R2in/out would have deteriorated 

to the point where eventually that heat exchanger set was bypassed. However, the repairs were 

on a different pasteurisation set. P4 is a very similar unit to P7; both being UHT units with the 

same manufacturer.  
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This exchange and incident is telling us about how issues are dealt with (bypass the troublesome 

equipment) and who owns the information on what is happening (operators are not necessarily 

given access to the full information on what happens regarding plant repairs).  

4.6 Conclusions from chapter 4 

Sites can be grouped into three main categories: 

· Category 1: Those that undertake no monitoring or review of pasteurisation units  

· Category 2: Those that undertake periodic review of pasteurisation units 

· Category 3: Those with regular monitoring and review of pasteurisation units  

Category 1 sites are likely to have significant opportunities for savings (20%+ of current 

pasteurisation energy cost) and perhaps 5-10% for category 2 sites. 

Issues that are going unseen can be categorised by shape or rather the visual signal that would 

need to be noticed in order for the issue to be spotted. Categorisation in this way can help us 

develop methods of spotting issues. 

 

4.7 Chapter 4 contribution to knowledge 

A quantified set of issues that cause energy inefficiency in pasteurisation processes. A taxonomy of 

process issues, concerning if they are known/unknown, avoidable/unavoidable and the visual 

clues that might present. Approximately £150k+ of savings were identified to sites.  A method was 

developed to use data analysis to identify deterioration in energy performance automatically; 

particularly useful against a background of changing product types. 

 

  



226 
 

5. What method(s) can be used to understand and reduce energy 

use in the process? 

To create an effective solution in the real world requires integration with existing practices. There 
are several options for providing information to operators: provision of the data as a simple trend 
or use of machine learning and analysis to spot issues and alert the operator. The key is spotting 
the issues either by human eye or computer and there are considerations with either route. How 
does each operator interpret the data, and how can the process be automated? It is the operator 
that must take the action; therefore the automation option must be understood in the context of 
how operators respond to alarms amid all other “inputs”.36 

This chapter draws on the requirements elicitation of the preceding chapters to develop two 

methods that are intended to help operators have improved visibility of energy related issues in 

order to improve control of the process with regard to energy efficiency. We look at the use of 

data in the undertaking of the operator role and also consider the relationship between the 

manager and operator, the implications of industry 4.0 before presenting and testing the 

methods. 

5.1 How do operators use information?  

In section 1.1 the following list of requirements was stated for the outcome of the study process: 

improve the understanding of energy use in (“black box”) processes for clients 

help operators spot deterioration in the process   

help operators and managers find improvement opportunities 

that the interactions of processes and their effect on model reliability and accuracy can be 

understood and factored into information provided to operators 

 
 

 
36 Table 1-3 
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for this information to be available to operators and managers on a live and ongoing basis. 

Within this sub-section we review potential methods that could help these requirements be 

realised, based on the understanding gathered during the work of the previous chapters. This sub-

section identifies information flows and the interfaces between processes, SCADA, and humans.  

As discussed in chapter 3; the operators have a degree of autonomy in how they control the 

process. As such they require information to provide context for the decisions they make. The 

daily quota determines the overall quantities of each product that are required. The operator then 

gathers information from the previous shift and other operators and contractors. Having 

orientated herself on the current status of the processes and relevant activities; the operator will 

come up with their own plan for how the quota will be achieved. Some processes may be in 

progress as a shift begins and there is a process of handover. Processes such as pasteurisation will 

be brought online to fit with the schedule that the operator has created. In starting up a process 

the operator is providing information to the SCADA system regarding the required recipe and 

populating any optional parameters for that recipe such as flow rate, source tank and destination 

tank choices. The SCADA system will communicate with the process in order to get the process in a 

ready state. Typically the operator must continue to collect information on the status of the 

process in order to determine the right point to introduce product into the prepared process.  

As the process runs; the operator must undertake regular checks of parameters such as 

temperatures across the process. At prescribed intervals this data must be recorded in a paper log. 

The operator will check SCADA on an ongoing basis; this will be out of habit or in response to 

alarms or to answer a query. 

There are some processes that have known issues with stability (or how likely a process is to 

experience a failure) for example. These processes may be monitored on a trending software 

package. An example is the separator. The operator may have a custom trend showing a variety of 

data points. The operator will have particular patterns that they are looking for such as a drop off 

in a particular value indicating that the process has become unstable. This same software can be 

used when fault finding as a custom trend can be created looking at historical values.  
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The operator will regularly communicate with colleagues to establish the state of other processes; 

to understand issues that may affect the schedule and also to make others aware of the impacts of 

how their process is running.  

Figure 5-1 shows an information flow diagram for the role of the operator. An information flow 

diagram shows how information flows between entities and can also give information on the 

media used where relevant. There are a variety of types of systems diagrams; information flow 

diagrams describe the flow of information between entities (Durugbo, Tiwari, & Alcock, 2013), a 

systems dynamics diagram shows actions taken by entities and how the system responds 

(Repository, 2000)(Forrester, 2009). A rich picture uses a more informal style to use pictorial 

representations, symbols and text relating to entities and their interactions to get across more 

complex interactions and also communicate aspects of worldview (Section A16 (Peter Checkland, 

1990)). 

The benefit of creating these diagrams is to understand the range of sources of information. For 

example in Figure 5-1, it may seem logical that the main information flow is between the operator 

and SCADA, but it is important to also acknowledge that information is also received from other 

colleagues. 

Figure 5-1 was created based on the experience gained of the operator role from the work 

undertaken in section 3.2. The legend shows the difference between a report or a log (typically a 

fairly static record) and a person or system. Dashed arrows represent the flow of information with 

the arrow pointing away from the source. Solid arrows represent actions with the arrow pointing 

away from the actor. 
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Figure 5-1 Information Flow Diagram, role of the operator in general overview 

Figure 5-2 and Figure 5-3 show variations of the information flow diagram for particular elements 

of the operator role: during start-up of a process and during process monitoring. The focus can be 

seen to change; with rather more action arrows during process start-up than during monitoring – 

where the focus for the operator becomes much more about assessing information. 
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Figure 5-2 Information flow diagram for operator during process start up 
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Figure 5-3 Information flow diagram for operator during process monitoring 

5.2 Management and Operators 

This sub-section is a literature survey, with critical comparison against work in Chapter 3 and 

identifies the motivation for work in the current chapter. 

Energy management is typically an activity focused on tools and initiatives at manager level. By 

this we mean that the impetus for energy management may come from the top of an 

organisation, but the implementation activity is typically focused at middle manager level. 

Software, Key Performance Indicators and targets, projects and communication initiatives are 

implemented by and radiate out from management level.  

Figure 5-4 describes the typical interactions between the process and the operators with regards 

to energy management based on our experience at processing sites and in completing the work in 

section 3.2. With regards to the process; management information systems will extract 

information from the process or possibly only site utility meters. This information will feed into 

energy management software and reports which will, in turn, inform capital and larger operational 

fixes and the generation of overall performance measures and targets. Management will 
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communicate to operators (via team meetings and team leaders) regarding the outputs of reports 

from the energy management software against KPIs and targets. Operators will report any issues 

to management. The interaction between the operator and the process with regards to energy 

management may be minimal to non-existent. 

 

Figure 5-4 Typical processes and organisational issues relating to energy management in industrial setting 

A manager or group (engineering manager, energy manager, process manager for example) 

represent the level at which the responsibility for energy typically sits. The creation of KPIs and 

targets and the subsequent monitoring and reporting of their achievement or otherwise, sits at 

this level. Energy management software reviews performance in a retrospective way; looking at 

data in blocks of days or weeks. It is not usual to view the data at the level of each process run 

(section 2.4). The manager’s view on the process is one of capital investment, and of investigation 

of issues highlighted from the data that are big enough to cause a significant observable 

disturbance in the data. The perspective and insight of the operator is not necessarily sought. 

Communication with operators through team meetings is typically to feedback performance data 

and to have problems reported. The operator interacts with the process as per their day to day 

responsibilities of achieving product quotas, achieving quality standards and whatever other 
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priority has been communicated. If energy is not communicated as a priority, then the energy 

focus stays just at the manager level. There is however (as discussed in chapter 3) the potential for 

energy to be a focus for the operator and for a day to day interest in energy reduction to result. 

 

Figure 5-5 It is preferred that energy is a consideration across the diagram 

Figure 5-5 shows a preferred energy management philosophy in contrast to that shown in Figure 

5-4. The focus for energy is across the whole picture. In addition to the interactions described 

relating to Figure 5-4, the operators are now empowered to consider energy in their control of the 

process and to take actions as appropriate to improve the energy performance of the process.  

There are some descriptions of energy management philosophy that look rather more like that in 

Figure 5-4. Abdelaziz et al 2011 (Abdelaziz, Saidur, & Mekhilef, 2011) states that energy 

management programs should include 4 main sections: 

· analysis of historical data 

· energy audit and accounting 

· engineering analysis and investment proposals based on feasibility studies  

· personnel training and information 
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The emphasis on historical data analysis and energy audits concentrates activity at manager level 

and not on immediate control of the process for energy. The “personnel training and information” 

element could amount to very basic communication around “turning off lights”. 

Schulze et al 2016 (Schulze, Nehler, Ottosson, & Thollander, 2016) find the following areas of 

research into energy management: 

· evaluation of energy audits 

· energy system or process optimisation by statistical modelling 

· development and evaluation of energy end-use industrial policy programs and measures 

· energy efficiency benchmarking 

The inclusion of process optimisation is helpful; though again it is phrased to suggest a periodic 

manager based review rather than regular or live control of the process.   

Table 5-1 below from Schulze (et al 2016) summarises published suggestions for what should be 

included in undertaking effective energy management. The final item in the list is to seek to 

actively involve the employees in energy management, and indeed it is an important element. 

Implementation of this however, can relate to housekeeping activities such as switching off lights 

and monitor screens; there is nothing implicit in this statement that process energy reduction is a 

priority that employees will get involved in. It is also interesting to note that this measure was only 

“partly considered” in 4 of the 5 publications and not considered in the other. Further up the list is 

“Meter and monitor the energy consumption of main production processes on a regular basis”, 

but again, there is nothing in this statement regarding who should see that information and deal 

with it.  
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Table 5-1 Minimum requirements for establishing and operating an energy management program based on a systematic review 
(Schulze et al., 2016) 

Minimum requirements 
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Develop and implement a long-term strategic plan, 
including an energy policy and energy saving targets 

     

Organize energy activities by allocating responsibilities and 
tasks 

     

Establish a cross-divisional management team led by an 
energy coordinator (also called energy manager) who 
reports directly to management 

     

Develop relevant policies and procedures, e.g. regarding 
energy procurement, energy use or energy-efficient 
purchases etc. 

     

Conduct an (initial) energy audit to identify energy-saving 
potentials 

     

Plan and implement specific energy-saving projects (also 
called energy efficiency measures) 

     

Identify key performance indicators, unique to the 
company, that are tracked regularly to measure progress 

     

Meter and monitor the energy consumption of main 
production processes on a regular basis 

     

Report progress periodically to management      

Ensure top management support for energy management 
activities 

     

Seek to actively involve the employees in energy 
management by informing, motivating and educating them 

     

Legend: Fully considered Partially considered Not considered 

 

This focus at management level is understandable based on the hierarchical structures and typical 

modes of operating of organisations. Ideally, the management focal point is only a centre from 

which information, impetus and initiatives radiate out and include the rest of the organisation. 

However, all too often, the focus stays at this centre. This was observed in chapter 3, where sites 
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were visited with strong energy policy at head office, but no communication to operational staff 

regarding energy use. 

In undertaking a literature search very little specific literature was found on the subject of the 

operator (or employee) role in industrial energy reduction. An interesting study on a parallel but 

comparable topic was by O. Boiral (Boiral, 2005) who produced case studies from Canadian 

chemical companies investigating the impact of operator involvement in pollution reduction. 

Boiral points out that the involvement of employees is at the heart of environmental management 

systems such as ISO 14001. This standard has a focus on creating robust management principles 

rather than technical fixes. However, the details of the management principles are left to the 

organisation to decide, meaning operator involvement isn’t guaranteed. 

From our own work on dairy processing sites, it can seem (incorrectly) to outsiders that 

technology is in total control with SCADA and control systems. Boiral’s experience from case study 

development leads him to state: 

“Visitors to an oil refinery, an electrolysis plant or a copper refinery for example are struck by the 

pervasiveness of technology and may rightfully doubt whether operators make a real contribution to 

pollution reduction. In the absence of reliable data on this topic, efforts to involve operators in the reduction 

of ecological impact may thus appear superfluous or random to managers who are eager to improve 

environmental performance.” 

He goes on to acknowledge that this can be a misleading impression. Improvements in control are 

important, technical investment is important, but great improvements can result in engaging with 

employees ((Hanna et al., 2013); (Ruiz-quintanilla et al., 1996)). Much success is about 

communication of goals and values (whether they relate to pollution prevention, energy or any 

other topic) ((Can, 1981); (Pascale and Athos, 1981); (Thomas J. Peters, 1982)). Remmen and 

Lorentzen (Remmen & Lorentzen, 2000) used action research methods investigating employee 

participation and cleaner technology in firms in Denmark; their work emphasises the important 

role of employees. The case studies by Boiral include financial savings of over $2million from an 

initiative to involve operators in reducing waste in electrolysis and casting processes. This leads 
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onto a barrier identified in this study, and understood by the authors: behavioural led initiatives 

are much harder to quantify the impact of. It is therefore harder to know what the impact can be 

when looking at applying operator led initiatives in new sectors. 

Any method suggested as a result of this EngD has to fit into the existing energy management 

structures and so an appreciation of the hierarchical structures, software, KPIs etc. is important. 

Trends and data alone are not sufficient to motivate operators to act; it is necessary to understand 

how the existing energy management system can support and motivate this behaviour. It is not 

enough to give operators information on energy consumption of the process; there needs to be an 

impetus to act on that information.  

We are keen to make sure that operator involvement is stressed having seen the potential for 

operators to improve energy consumption from the work in chapter 3. As can be seen in the 

literature reviewed above; employee involvement is a regular theme in energy management 

however the depth of implementation can vary greatly. 

We see the role of the operator as central to the task of controlling the process for energy 

efficiency. This is also emphasised in a powerful statement by Boiral (Boiral, 2005): 

“Nonetheless, it bears repeating that the rationale underlying operator involvement and awareness does 

not solely apply to environmental issues. …. While this involvement and participatory logic seems to be 

based on commonly accepted knowledge in management, it actually involves a major questioning of the 

traditional vision of environmental management, which has for a long time been focused on a palliative and 

technical approach. This evolution has many points in common with that observed in quality management.” 

 

5.3 The Operator and Industry 4.0 

As stated above, we see the operator as central to the task of controlling the process for energy 

efficiency. Here Industry 4.0., the latest "revolution" in manufacturing, is described in preparation 

for research described in the next section.  
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Industry 4.0 is a term used for the 4th Industrial revolution. The term originated in Germany in 

2011 (Dutzler et al., 2018). The first industrial revolution resulted from mechanisation, the second 

from the increased use of electrical energy and the third from the introduction of digitalisation 

and computer control (Lasi, 2014). The concept of the 4th industrial revolution is the move to 

almost complete digitalisation and is bound up with a number of complimentary concepts 

including: 

• Industrial Internet of Things (IIoT): The ability to extract data from many more objects 

within the production process down to perhaps individual manufactured items. The 

internet enabled connectivity of distributed machines, sensors, products and other devices 

allows for greater automation. (Perera & Liu, 2015) 

• Decentralised control: linked to IIoT – the ability for individual machines to make control 

decisions and communicate with other appropriate parts of the process. (T. Authors, 2020) 

• Digital Twin: the ability to create a complete model of the production process or parts of 

the production process. The digital twin is an environment where process changes can be 

tested to understand impacts and current performance can be compared against 

ideal.(Rüßmann et al., 2015) 

• Machine learning: The development of algorithms that can be used to allow computers to 

learn and improve from experience without explicit programing. The use of training data 

allows the program to extract rules and information regarding patterns to allow it to make 

predictions or decisions. (Jordan, Kleinberg, & Scho, n.d.) (Markus, Inst, & Acad, 1996) 

Within Industry 4.0 the above concepts are envisaged to work together to provide a greater level 

of automation and intelligence in how a process is run with minimised human input. Industry 4.0 is 

also seen as bringing opportunities for greatly improving sustainability of manufacturing and 

throughout the supply chain (Stock & Seliger, 2016). 

Industry 4.0 isn’t a common reality currently; in their 2018 survey of digitalization take up Price 

Waterhouse Coopers (PWC) identified that “Just 10 percent of global manufacturing companies are 

Digital Champions, while almost two-thirds have barely or not yet begun on the digital journey.”  (Dutzler 
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et al., 2018). The industries with greatest proportion of digital champions are automotive(20%), 

electronics(14%) and industrial equipment and engineering(13%). Process industries have just 6% 

of their number at the top level of digital maturity. In terms of what that means in practice they 

looked at the extent to which the following technologies had been implemented within 

companies: 

• Predictive maintenance of assets and products 

• Manufacturing execution systems 

• Integrated end-to-end supply chain planning 

• Connectivity/Industrial Internet of Things 

• Digital twin of products and manufacturing line 

• Collaborative robots, small robots, robotic process automation (RPA) 

• Artificial intelligence 

• Virtual reality/augmented reality solutions 

Implementation of Industry 4.0 methods doesn’t guarantee that the operator role becomes 

redundant. The PWC report defines 4 types of artificial intelligence that may be taken up by 

industry as shown in Figure 5-6. For two of those visions there is a “human in the loop”; the 

human spoken of is typically the operator. 
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Figure 5-6 Four forms of artificial intelligence (Source (Dutzler et al., 2018)) 

Different industries and companies are clearly at different states of readiness. Identified barriers37 

for companies implementing Industry 4.0 techniques include: 

• Reluctance to replace functioning equipment 

• Not wanting to change the workforce balance between skilled and non-skilled workers 

• Concerns over the lack of appropriately skilled workers 

Our experience bears this out, and currently none of the sites worked with during the course of 

the study would seem to be in a state where the transition to industry 4.0 is imminent. The 

operator will likely be in the loop certainly for the immediate future.  

As shown in Figure 5-6 there are elements of development and research where the role of the 

operator remains central (Beckett & Gascoigne, n.d.; Romero, Bernus, Noran, Stahre, & Fast-

berglund, n.d.; Ruppert, Jaskó, Holczinger, & Abonyi, 2018). These channels of enquiry look to 

 
 

 
37 https://www.foodonline.com/doc/is-smart-manufacturing-the-food-industry-s-next-revolution-
0001 

https://www.foodonline.com/doc/is-smart-manufacturing-the-food-industry-s-next-revolution-0001
https://www.foodonline.com/doc/is-smart-manufacturing-the-food-industry-s-next-revolution-0001
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combine the benefits of digitalization along with the benefits of retaining human interaction with 

the process. The tacit knowledge of operators is crucial, this is knowledge that it is difficult to 

articulate and model (Ruppert et al., 2018) and is recognised that AI systems cannot readily 

replace. Digitization however can make the task of the operator far easier and quicker to 

undertake. The prevention of errors and reduction of processing cost are also outcomes predicted 

by Industry 4.0 solutions (Ruppert et al., 2018).  

Given the assumption that industry currently has operators at the centre of control of the process, 

that future solutions will very likely continue to include operators and that many industries are still 

years away from Industry 4.0 we now consider options for improving the ability of an operator to 

control for energy efficiency. We look at two methods that arise from the work done to date. The 

first method is a consultant led approach with minimal technical investment that relies on 

operator interpretation of data. The second is a machine learning software option that attempts 

to use the potential for machine learning technology and current data availability whilst 

appreciating the current lack of readiness for a fuller Industry 4.0 solution.    

 

5.4 Site survey method to improve control for energy efficiency 

We propose that in order to help client sites tackle black box processes; there is a method that 

includes: 

· An in depth investigation of the process including a data collection period 

· By eye investigation of data to spot issues 

· Discussion with operators to understand context, and whether issues are known/unknown 

and avoidable or unavoidable 

· Creation of custom trend that operators can use as part of their normal routine 

· Discussion with operators regarding the types of opportunities they may expect to see 

For sites without regeneration temperatures, it is still possible to create custom trends however 

the trend will require a larger number of traces or data points to be visualised in order to give a 
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greater chance of an issue being spotted. The presence of the regeneration temperatures allow 

heat transfer rates to be established. The trend will also be without the context of a cost trace as 

discussed in section 4.4. It will be more difficult for operators to spot as many issues; nevertheless, 

where the trending software is available the creation of a custom trend will at least allow some 

items to be spotted. 

The method is outlined in more detail in Figure 5-7.  

In Chapter 4 parts 1, 2 and 3 of Figure 5-7 were undertaken with several client sites and the results 

have been discussed in section 4.2. In section 4.3 and 4.4 we investigated what information was 

required in order to allow the operators to make quick decisions regarding the value of 

intervening in the process with regards to energy efficiency improvements. This leads us to 

suggest that the custom trend mentioned in item 4 needs to include cost per hour as the primary 

information metric in the trace(as shown in Figure 5-8).  
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Figure 5-7 Flow diagram to describe method for improving energy efficiency of black box processes 
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Figure 5-8 example view of cost based trend for pasteuriser performance 

Section 5.5 describes the testing of the custom traces mentioned as item 4 in Figure 5-7. The 

testing should also identify if the format of “simpler is better” is right, as well as enquiring as to 

whether the operators use that information and how.  

We have not addressed item 5 “training in use”. 

 

5.5 How well does the basic visualisation method work? 

In order to test the method from section 5.4, we approached the client sites that we have worked 

with and have already carried out steps 1-3 of the method diagram in Figure 5-7. The site has 

multiple pasteurisation plants, one with regeneration temperature monitoring and one without. 

This gives an opportunity to test both sides of the process shown in Figure 5-7.  

 

We prepared an interview booklet, with sufficient copies for each operator and some spare. Each 

contained: 

· A consent form following the standard used in previous interviewing work  
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· snapshot views of potential data visualisation options printed at A4 size 

· A set of open ended questions to prompt discussion around each view 

· options of view configurations (plus A4 versions of each held by the interviewer) plus a set 

of questions regarding preferences on data visualisation 

 

The interview booklet is shown in appendix G. A semi-structured interview style was chosen to 

allow open discussion to develop around the task while at the same time still provide a framework 

that ensured all the appropriate information was collected.  

 

All the data used to create the visualisations were from plant P7 collected in April of 2017. Some 

issues that are visible on that data had subsequently been fixed. The interviews took place with 

four operators (two senior operators, two junior operators) and also the team leader who did not 

take on an operator role, but was able to answer the questions based on previous experience and 

his perspective of supervision of the team. 

 

This method of collecting data has its downsides. There are key points to be aware of  

The researcher is not detached ( (Cook, 2007)chapter 2); we have based the questions on work 

where we are putting ourselves in the role of the operator; except we are not replicating the 

environment or the other constraints. We get much more time to sit back and work out what is 

going on. We have different drivers and priorities; perhaps being much more driven by the carbon 

saving aim. 

The researcher brings a range of biases and their own world view. An ethnography can be just as 

much about the author as the people studied (Herbert, 2000). 

 Just as the author brings their own worldview; we can also make assumptions about the 

worldview of the subject in this case the operator. These can slip into the description and analysis 
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of the situation where we assume that we understand motives behind observed behaviours 

without any evidence ( (Cook, 2007)chapter 2).  

Ethnography is not a statistically robust method for gathering evidence; we consider situations in 

depth in order to learn from that particular situation. There is alongside this a concept of 

“Theoretical Saturation”: i.e. that it is not necessary to research the lives of every single subject.  

When we start to hear the same stories repeated it can be said that we have reached theoretical 

saturation and we will not benefit from more detailed investigation ( (Cook, 2007)chapter 2).   

With interview methods we should consider whether group or individual interview works best for 

our situation ( (Cook, 2007)chapter 6). How would the group dynamic affect the outcome? The 

operators are from the same shift so know each other, but there could be hierarchies within the 

group and tensions that we are unaware of. We decided on individual interviews to avoid this. 

However, with an individual interview at work stations there is the distraction of the operator 

needing to also do the job at the same time.  

The results of the semi-structured interviews are discussed in the following sub-sections. The 

interview was structured around different views of plant information with open ended questions 

as shown in appendix G.   
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5.5.1 View 1 

 
Figure 5-9 View 1 shown to operators, key feature being recovered water issue as described in issue box 8, section 4.2.3 

The first visualisation provided was of one product run. The issue shown in this trace is that of the 

capacity of recovered water as described in issue 8 in section 4.2.3. The recovered water circuit 

runs out of capacity part way through the run, causing the heat requirement to then be met from 

the steam circuit. The information shown on the trace was the full set of available temperature 

information, production step and product codes and two calculated traces regarding hot water 

cost. The following explanation was provided to help orientate the operators: 

 

Figure 5-9 shows data from P7 (see Figure 4-4 for a plant layout diagram), it is showing primarily 

temperatures, but there are also some other elements:  

· The bottom yellow trace is the input temperature of the product (TInput) 

· The next two are calculated traces; hot water cost per day and  

· Hot water cost per ML (megaLitre). These two were chosen such that the results would sit 

on the same scale axes as the temperature data 

· The flat orange trace is the step number, the step number 27 indicates the unit is in 

pasteurisation 
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· The pale blue trace (TRWCSOut) is the temperature after the recovered water section 

(pointed out on the relevant SCADA screen) 

· The green trace (TOutput) is the output temperature of the product 

· The purple, red and blue traces clustered in the centre are TR1CSOut, TR2OutCSOut and 

TR1HSin respectively which are intermediate temperatures in the system (reviewed on the 

relevant SCADA screen) 

· The flat dark yellow trace is the Product Code 

· The group of temperatures clustered at 95degC (during production) are the temperatures 

measured along the holding tubes: TPast1, TPast2, TPast3 and TPast4. With TPast4 being 

the key monitored temperature. 

 

All interviewees were asked “Tell me about what information you can take from this view”. They 

were asked to explain or clarify as necessary. The question was intended to lead the operator as 

little as possible. Three of the five responded in the first with an emphasis on product quality. They 

could see that the pasteurisation temperatures were being achieved to a very close tolerance.  

 

A comment was made by the operator that they would need more time to study the chart to 

understand it. The same operator was then able to spot and discuss the implications of a change in 

temperature TRWCSOut without prompting and within less than 3 minutes of seeing the data. This 

does suggest that the assessment of the time needed to orientate oneself with the data is 

overcautious for those familiar with the process plant.  

 

For one operator their eye was immediately drawn to the temperature traces for TRWCSOut and 

TOutput; the temperature after recovered water and temperature of the outgoing product. The 

features that they were interested in were the erratic flow and dip in output temperature part 

way through the run. Again, this was with a mind to product quality. The outgoing product is 

yoghurt that must be incubated at a certain temperature, so the measurement TOutput is closely 
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monitored. Two other operators also mentioned the output temperature as something that 

requires monitoring for product quality.  

 

Two operators looked (without prompting) at the step change in temperature TRWCSOut and also 

at the calculated trends for hot water cost. One asked if it related to a change in the water that 

was used, which indeed it did. 

 

Figure 5-9 shows a step change in TRWCSOut mid run that is caused by the recovered water circuit 

running out of capacity (Issue 8 in section 4.2.3).  The recovered water is used to bring the product 

back up to incubation temperature. If no recovered water is available (or the temperature is 

insufficient) then the control system switches to use a steam circuit fed by the boiler. The 

recovered water is in principle free while the boiler steam has a carbon and energy cost associated 

with it.  

 

These initial observations were followed up with a prompt to ask what seems to be happening in 

the process from an energy point of view. At this point two operators identified that the steam 

usage had increased part way through the product run. 

 

If the operator hadn’t already come to an understanding of what was happening in the process 

with regards to energy and the recovered water circuit, if necessary, the operator was reminded 

the way in which the recovered water circuit contributes to the efficiency of the system. The 

operators were asked: “Have you spotted issues like this before?” Responses included: 

• “Yeah, not from looking at the graph there, but you do get temperature dips sometimes and they do 

recover.” 
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• “Yes, in the past because projects have changed and they’re tapping into the recovered water 

supply. There’s not enough there. The plant isn’t achieving the efficiency you’d like but still getting 

temperatures.” 

• “I’ve never seen it in a graph before, but I imagine it happens every now and again. It’s not 

something we really monitor. It could be an option to monitor, add it to the track sheet.”  

• “No, never really been explained the difference between what water it uses.” 

 

The operators were asked if they would act on this and if so what action they would take. 

• “Go out and see if any airlines passing or a water shortage there. Sometimes this valve you wouldn’t 

have anything there (pointing to valve relating to the recovered water circuit) and the tubes 

are leaking as well with the age of the plant. The hot water side on the tubes they do pass. Could be 

inside UHT section. Visually have a look. Had it the other week where we weren’t getting the 

temperature we needed but the water was passing into the vessel so it was dropping the 

temperatures so we sorted that out for the next run. I’d get a technician down to have a look at it.” 

 

• “Yes, first off go and have a look round, walk the route see if there was anything obvious. Then call 

the engineer. Are they having problems anywhere else? Why haven’t we got the volume of 

recovered water.” 

• “Investigate as to why, why it’s not there. Probably another plant has taken it. I’d have a chat with 

[name of operator], see what else is running.” 

• The difference between cost of recovered water and steam circuit was explained and the question 

put to the operator: “If you saw that happening – would you take any action?” “No, as I say it’s not 

really been explained the ins and outs of why in the difference in the use of the water so I wouldn’t 

look into it any more.” Asked if the cost information gave any context as to whether it was 

important: “Mmn yeah obviously it’s important to keep costs down but, it’s above our level. It’s 

above our level – it’s down to the automation guys to sort out. Wouldn’t flag it up.” 
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They were then asked how relevant they felt this issue of the recovered water circuit capacity was 

to their role: 

• “Very relevant, if you aren’t getting your pasteurization temp you can have problems further down 

the line. (Pointed out that pasteurization temp is still met). It’s just the usage of water. Its losses 

isn’t it? It is relevant. If you’re losing water you’re costing money and then the steam system is 

energy.” 

• “Not so much as I don’t run the plant anymore. 10-12 yrs ago I would have when I was a team 

leader. This sort of stuff is good for these guys, to understand the plant. Some of the guys are very 

good at working through the plant methodically working out what is happening. They have a lot 

going on so they can’t always spend the time. The team leaders have more time to investigate 

which is important.” 

• “I wouldn’t say it’s irrelevant. Have to look out for losses, save water, save steam. At the moment, 

they’re offline anyway (pointed out it was R2 offline).” 

 

• “I suppose it is, cos I think the targets some times are energy based.” 

• “Is probably relevant to this role, but not been asked before. If we had been asked to look at energy 

and explained how the tanks are used and how we could save money, we would obviously 

incorporate into how we work I suppose.” 

Other comments: 

• “Your team leader or senior operator has more time to understand what is going on with the other 

temperatures, which is all the energy stuff. While making sure the quality temperatures are all 

fine.“ 

Summary of response to View 1 

The operators spotted the step change in temperature and with minor guidance (helping to find 

temperature TRWCSOut on the system overview and pointing out that the previous heat 

exchanger used recovered water) equated it to a reduction in capacity of the recovered water 
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circuit. The operators expressed that they had not seen traces like the one shown in Figure 5-9 

before, but that they were aware that this issue could happen. They were all generally in 

agreement that it was relevant to their role in as much as they should be making sure the process 

runs efficiently as well as safely.   

5.5.2 View 2 

 

Figure 5-10 View 2 shown to operators, key feature being length of water recirculation as described in issue box 9, section 4.2.3 

For view 2 it was introduced by pointing out that all the traces were the same as previously (same 

temperatures and calculated fields). It was made clear that this trace was showing a different 

period of time and rather more zoomed out to show several runs. The orange spikes are process 

step numbers showing cleaning operations. The view was related to issue 9 as described in section 

4.2.3. The issue here is that the length of water recirculation is excessive, causing additional 

energy use beyond what is possibly necessary. 

The question process was the same as for view 1. It began with a general request as to what 

information they were taking from the view. Responses received were as follows: 

• “If it was a bit more detailed yes. Identified CIP and sterilization. Once you’ve done CIP then 

shutdown. I said it seemed a long time at a high temp in water recirculation.” 
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• “Obviously achieving what it set out to do. But there’s a lot of sterilizing. There’s two different CIPs 

an AIC which is now dropped down to a lower temperature. Can still sterilize up to 123degC. We 

only do starter38 now on P4 at 123°C.” 

• “They’re all being processed at slightly different temperatures. Same things are happening to each 

product, they follow the same trend. There’s a dip there (coming off an AIC). Quite a bit of 

instability, evens out. Goes into the cleaning. (Asked about the length of cleaning). It’s been altered 

now. P4 goes up to 123 then back to 95. P7 they have mimicked that now, there is an energy saving 

there.” 

• “Which ones are the efficiency ones? Purple and orange. This is an AIC here – that is very variable. 

Maybe it is good to focus when it’s on AIC. Bit of a spike there. Wonder what products they actually 

were as they all have different temps they’re trying to achieve. (makes it very difficult to compare)” 

• “Again seems a similar thing (to the last issue), not told much about energy or if we could do 

anything about it.” 

Asked what was happening in the process from an energy point of view: 

• “Someone started it up too early.” 

• (explained about length of time, quite costly to have it sitting in water recirculation) “for me 

this kind of thing is important to educate the operators on the cost of leaving it sitting in sterile 

water, and is there a potential for shutting it down. What [name of an operator] would ask is 

what energy would it take to shut it down and start it up again, at what point would it balance. We 

do this with the evaporator as well. Our 3 CIPs, P1, P6 and the evaporator run as one unit. CIPs are 

not as lengthy on P2 and P1 so at what point do you run those back up and not have them sitting on 

sterile water.” 

 
 

 
38 A starter is the blend of bacteria which is used to consume lactose in milk and support the process of yoghurt 
making. The comment refers to using the high temperature capability of unit P4 to create starter cultures. This would 
also be possible on the P7 unit, but typically only P4 is used for this purpose. 
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• (Asked: “What do you make of the length of this time here?” In relation to the length of 

the water recirculation) “there’s nothing going on here which is a bit of a waste of time. It 

sometimes happens (Is there anything you can do?), it’s a bit tricky as there’s a lot of variables. I 

think sometimes the planning department doesn’t realize what the plant is having to do. There are 

things we can do, stay on the ball, try and schedule things better.” 

• “There’s the temperatures, pointed out CIP. Pointed out recovered water issue again. Prompted if 

there was anything related to CIP. Nothing immediately jumps out. Would have to study this. The 

water didn’t need to be at 123degC. Optimum temp for caustic is 67. (It was pointed out that the 

trace was showing water recirculation. He said that P7 was still on the “old settings” – P4 

comes back down to 97degC after sterilization, but P7 had not been adjusted to do the 

same at the time. Since completion of this work, unit P7 has now been updated to have a 

lower temperature).” 

Have they spotted issues like this before? 

• “People have known about the temperature for a long time. There was also the issue of waiting for 

the temperature to stabilize. It’s plug and go now, length of waiting is much shorter.” 

• “It can happen that you get the system ready but something happens that you can’t proceed. This 

can happen quite often. We try to minimize it. its common sense, you don’t want plant running 

when it doesn’t need to.” 

Would they take action and what action? 

• “If we were coming in on shift, I’d look back in the book about what time the product should have 

gone over and why it’s been waiting. Not a lot you can do, takes more energy to start it back up 

than shut down – depending on the length of time.” 

• “I’d be challenging the operators on why it was on for that length of time.” 

How relevant is this issue? 
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• “No, once we start sterilizing we are due to send product over. Could wait to sterilize. Have a plan 

off the planners and their times are governed by when the product is going over. Could wait, but 

may still have to do as much. Have to CIP after last run and then sterilize before the next one.” 

Other comments: 

• (Asked if there was much that could be done to minimize water recirculation). “Not really.” 

• “Profile of the plant used to be 90deg for 90s then 123 for 3 secs, but then changed the holding 

times to be 150s at 95deg. Done a number of changes on the plant.” 

• (Asked: Would you try to minimize water recirculation time?) “bigger batches go through P7, 

if you kept running it all day, you would lose your temperature as you would have a dirty plant. I 

wouldn’t run the plant up until I had a batch to run. There are certain times, say if it hasn’t run for 

12 hrs – get it up early as I want to know if there’s a fault.” 

Summary of response to View 2 

When presented with the view in Figure 5-10, four of the operators identified that the length of 

the AIC phase was an energy related issue, this was directly from reviewing the chart and with 

minimal prompting. The temperature of the AIC was highlighted by operators as an energy related 

issue and they also generally expressed that minimising the length of AIC and water recirculation 

was an element of their role, nevertheless it was clear that they felt it could not be avoided on 

many occasions. It was clear that this issue could be spotted relatively easily just by providing 

operators with the time series trace. 
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5.5.3 View 3 

 

Figure 5-11 View 3 shown to operators, key feature being flow during shutdown as described in issue box 13, section 4.2.3 

Again this view has the same traces as before, but is for another period of time; the plant is 

coming off CIP and has been shut down. However, a flow of hot water is continuing through the 

system, the flow is small but not part of standard shut down procedure. This view relates to issue 

13 as discussed in 4.2.3. 

What information can you take from this view? 

• “No, it’s just a shutdown isn’t it! Just shutting it down.” (Pointed out the small orange trend). 

 

• “Again if it was waiting for any length time before they started production, have they started it too 

soon.” 



257 
 

• “Nice curve on there as it shuts down. From 100 to 4539. You could shut it down at 95 save some 

money. (Asked what the ambient temperature was) steadying towards 40 wouldn’t be 

unusual.” (Pointed out the orange trend) 

 

• “It’s taking a long time for it to come back down to zero, there’s still a cost here there must be a 

more efficient way. I’m not sure I understand why, it’s using energy when there’s nothing 

happening.” 

• “It’s just naturally cooling down after shutdown.” (He was asking if we were looking for some 

energy being used that shouldn’t but he couldn’t spot it. The £/day trace was pointed out). 

What do you think is happening in the process? 

(explained the flow and the cost trend) “For me if that’s happening, is there something on the plant 

that’s passing. We’re using energy at some point. Are our steam shut off valves working – are they closing 

properly.” 

Have you spotted issues like this before? 

• “Yeah, purges cold water behind it, but here it is shutdown. Shouldn’t be any flow. Not seen it.” 

• “No” 

• “No. I know it takes a while to wind down, but not that long.” 

• “No, I haven’t to be honest.” 

Would you take action and what? 

• “If you could see where it is going yes. But everything is enclosed you can’t see where it’s going.” 

 
 

 
39 Referring to temperature in °C 
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• “It’s something we would take up with the engineers. Why have we got that, there’s something 

wrong on the plant whatever it is.” 

• “I think I’d investigate. Have a look and then get engineers involved. Would be worried about 

contamination – is a product safety issue.” 

• “I’d highlight it to [names of two operators]. Ask them what they think is going on.” 

• “Yes. Try and work out why it’s happening. [Name of operator] would bring it up with the 

engineers. If we spotted that we were wasting something we’d definitely flag it up.” 

How would you verify/what other information would you need? 

• “You’ve either got a valve leaking or a tube leaking. Would take a look first. Not much you can do if 

you can’t see it visually.” 

• “Yeah definitely. As a team we’re good at identifying if something is wrong and following it 

through.” 

How relevant is it to your role? 

• “It is relevant. Need to get it sorted. Any water going down the drain is a loss.” 

• “It could be a product safety issue. Very relevant. We check the flow meters.” 

• “Yes. It’s interesting to see what the plant is doing.” 

• “Yeah definitely. If I think there’s a problem, I talk to [name of operator], he talks to the engineers 

and they may speak to [name of manager].” 

Summary of response to View 3 

The issue of the unexpected flow was not as readily spotted by all operators. One did spot it by 

immediately questioning the hot water cost continuing into a shutdown, but for the rest, the 

relevant traces had to be pointed out. Once the flow and the hot water cost traces had been 

highlighted, all operators felt that it was an important issue for them to be aware of and deal with 

as an unnecessary flow of hot water has implications for cost and safety.  
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5.5.4 View 4 

 

Figure 5-12 View 4 shown to operators, key feature being product scheduling as described in issue box 11, section 4.2.3 

The traces are the same as previously. It is showing a large part of a day’s operation. In introducing 

this view, each of the product numbers were pointed out. There are five product runs (the flatter, 

slightly longer sections). The issue being that two of these product runs were for the same 

product, the question being raised of could those two product runs happen as one without an AIC 

in between. This links to issue 11 as described in section 4.2.3. 

Tell me what information you can take from this view: 

• “Got five runs there. Why are there only 61s?” (The operator mistook temperature for product 

code (61). He looked up the codes). “We would know what type it was by this screen on SCADA.” 

(Talked about how some of the products were quite different). “That one is a bit 

low…(recovered water). (Explained the process scheduling issue). Planners make the plan and 

we just send them over what they want.” 

 

• “They all look quite similar in pattern and then these two so I wonder if they’re the same. Would be 

interesting to know if we could make it more efficient. I know they’re all different products. Would 

be interesting to know why they are so different and if any of them could be improved.” 
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• “Yeah again, I’d need a good study of it, there’s a lot going on.” 

• “No. Looks like you’ve got product over back to back. My concern is how many AICs they’ve done 

before a CIP. Normally it’s two runs and a CIP. If we talk to the manufacturers I don’t know how 

many runs it should before it shut down because the plate packs are getting soiled up. It’s using 

more energy, the pressure is increasing. Having that information off the manufacturers at the time 

to know how many batches you can put through before a full CIP.” 

• “Some blips there where it went on. Looks even there – working well. Product 62 erratic. Product 

quality concerns really.” 

What do you think is happening in the process? 

• “Fall off in the energy trends, possibly fouling?” 

• “Got the recovered water thing again. (The scheduling issue was explained). It all depends on 

planning. It’s not practical to do just all one product for one day. We’re running out of products on 

certain machines. We have to keep our eye on the ball. Would be the last thing on the planner’s 

mind.” 

Have you spotted issues like this before? 

• “If you see TPast4 drop off it’s an issue – I don’t want to lose a batch because it’s dirty. But it’s a 

quality issue – quality, issue, time” 

Would you take action? What action? 

• (at what stage would you take action on fouling), “if you see something is happening, the flow 

rate is going to be affected by fouling. Further down the line we would check out in the lab if 

anything is growing. The pressures are going to go up if it’s dirty.” 

How relevant is this information to your role? 

• “Yes, I would ask these questions. But it is very relevant to the operator role. (Would you look 

back over an overview of the day) within my role now I wouldn’t, but again all this stuff is good 
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information for the guys. We are talking about new steritubes. What are they going to deliver for 

us? All this information is good to look at what can improve.” 

 

• “It’s all part of it, we know what the correct pressures and temperatures are and if it’s not right we 

need to look at it.” 

Other comments: 

• (Talking about recovered water), “would be good to see if you could make the recovered water 

more steady. The cost traces are going down in some runs – it’s becoming more efficient” (could be 

related to TRWCSout increasing slightly) 

Summary of response to View 4 

The operators did not spot any product scheduling issues in the data because they do not see 

scheduling as an issue that impacts the cleaning regime. Their concern was not that they could 

have had longer batches of the same product as this is not acceptable within the cleaning 

guidelines. They did however take interest in the quality of the runs from the data and whether 

there were too many runs  
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5.5.5 View 5 

 

Figure 5-13 View 5 shown to operators, key feature being difference in heat transfer as described in issue box 14, section 4.2.3 

View 5 has different trends to the previous views. The emphasis in this view is on calculated heat 

transfers. The highest orange trend is the heat transfer across the main regeneration pack (R1) 

(see Figure 4-4), the green below it is for plate heat exchanger 1 within the UHT section of P7, this 

is the main source of boiler heat into the product. The purple below it is R2in or the side of the 

second regeneration which takes heat from the cooling product. R2out is its partner trace and 

shows how much of that heat goes back into the incoming product - this is the dark yellow trace 

around the 200 level. The recovered water trace is the green. The blue is the accompanying steam 

circuit. This relates to issue 14 as discussed in section 4.2.3. where there is a significant 

inconsistency between the heat recovered from the outgoing product on R2 and the heat that R2 

subsequently transfers back into the incoming product. 

The different product runs and numbers were pointed out as they appear less obviously on this 

view. 

What information can you take from this view? 

• “How much energy are you picking up going into the steritube? That’s the key thing really isn’t it. 

Looking at recovered water too.” 
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• (The view was explained in more detail, referring also to the SCADA screen view). “Again, I’d 

have to study it a lot more and have it explained to me. Got a bit of difference here” (recovered 

water issue). (Explained the Y axes – difference depending on Legend.) “I wouldn’t mind 

these things being explained a bit more and maybe we could flag up things that shouldn’t be 

happening.”  

 

• “Why are these lower? (There are three different types of product, this one has a change of 

flow) that would be where the gelatin is dosed and the flow would drop down, but yeah it’s quite a 

difference, you can see you’re using a lot more on the steam circuit you’re not getting as much on 

the regen. It could be related to incoming temperatures. Fouling?”  

 

• “What is the blue one? (Steam circuit). Using a lot of steam to get the temperature back up. 

(Recovered water issue). It’s just the steam usage again isn’t it?” 

• “Why we still definitely need the 3 heat exchangers in P7? I know we do for P4 as we make the 

starter through it and we need the high temperatures. But there’s still heat going through all 3 heat 

exchangers – can’t be most efficient. Hot water is still going around all of it. I know there’s going to 

be new steritubes and I think they’ll still want the ability to have higher temperatures to make the 

starter. But not all the time. I wonder if there’s a way they can re-route it, so it didn’t always have to 

go through it. It’s quite variable isn’t it (yeah that bit is the recovered water). I wonder how efficient 

these controllers really are because it might be dosing in a lot of steam and then shutting off – is 

that why the temperature is so variable. They’re all the same temperature we want to achieve, so 

I’m not sure why there’s such a variability in it. (Asked about R2 in R2out)There’s quite a big 

difference which is indicating there’s not a very good heat transfer and I don’t know if there’s 

maintenance scheduled for them. It’s locked off at the moment and has been for a long time.” 

What do you think is happening in the process? 

• (Spotted recovered water issue). “These packs because they get fouled up they tend to blow and 

then they’re no use.” 
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• (explained R2 difference in heat transfer) “and that’s on the regen? Again would that be down 

to water supply? (the flow through these parts are the same as its product, it is difficult to be 

sure what is happening on this side as there is no data, but we can calculate how much 

heat is coming in and then going out and we can see that going out is only ½ or 1/3 of the 

incoming amount) You’re losing a lot of heat in and you’re not getting a lot out, would that 

indicate fouling? From an operators point of view are we achieving what we need to achieve on the 

plant, if you were looking at it from an energy point of view you would be asking what the problem 

is – is there a leak? Would there be anything to do with the recovered water temp? We had a 

different temperature going to the homogenizer, it had to be higher, we’ve changed that back down 

again now.” 

 

Have you spotted an issue like this before? 

• (If you saw something like the discrepancy across R2 – would you flag it up?) “I would.” (Do 

you think you would spot it?). “The steam would be different, have to work a lot harder. Over the 

years this system has been modified and altered. Been that many modifications. Would have gone 

through CB1 and CB2. They are looking to replace both Steritubes.” 

 

• (Have you spotted through other means?) “No probably not. Finding the time to look into it is a 

problem” 

Would you take action? What action? 

• “I’d definitely highlight it to [names of 3 operators]. I’m sure someone would be interested.” 

How relevant do you think the information is to your role? 

• “It is relevant, because it’s cost, we need to reduce cost. If the plant is running and we’re at 100% 

steam – we’re looking at the system, we get the engineers. If we have a low flow on the hot water 

side, we’re getting scaled up and we’re not getting the heat transfer. So that’s when we’d see valve 

49 go up. So what we have to do is come off product, wind the plant up and put citric acid in to 
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clean it through. We would sort that out, schedule it in. If you’ve got a low flow on the hot water 

side that you’ve got to descale the plant.” 

• “Not relevant really. As long as our key process temperatures are ok. If it was spotted that there 

was something wrong with it, but I would get the technician down to have a look at it.” 

Other comments: 

• “If you have this available on a screen, how likely would you be to look at it? It’s a time thing, 

wouldn’t necessarily get time on the job and you assume other people are looking into it so you 

wouldn’t necessarily have to do it yourself. But I’m sure if we did spot something we’d flag it up to 

someone.” 

• “This heat recovery pack (R2) they’ve taken that offline at the minute because they had issues 

blowing the plate pack. They are bypassing it at the moment. There’s a great deal of pressure in the 

system. P4 is the same, that’s offline too. So all regeneration is in R1 now.” 

Summary of response to View 5 

The operators found this view much harder to decipher. One operator immediately understood 

the implications of difference in heat transfer across one unit once the traces had been explained 

in more detail. It was felt that it was a useful issue to spot, but less central to their role – perhaps 

something that should be dealt with by engineers. 

5.5.6 Views 6a, b and c 

The final part of the interview was to present three versions of the same time period. And ask: 

· Of the three views 6a, 6b or 6c, which is preferred? Why? 

· How would you change or improve any of the visualizations? 

· If this was available e.g. on Active Factory; what problems do you anticipate in viewing and 

or making use of the information? 

· What would be the advantages of having the information available for example in Active 

Factory? 

· Any other comments 
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The three views below were shown to operators in A4 format. 

 

Figure 5-14 View 6a – all possible data available on view 

 

Figure 5-15 View 6b – minimum data (including some calculated trends) available on view 
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Figure 5-16 View 6c – medium level data density, no heat transfer data, but full “tag list” view available, plus some calculated 
trends 

Of the three views 6a, 6b or 6c, which is preferred? Why? 

• “I’d rather have it broken down like that (6b). There’s certainly an overload (of information) on that 

one. (6a) (Would it be valuable to be able to select some of the others?) some of the 

individual tags I would.” 

 

• “6b would be simpler to get your head round. I’m sure given time and information, the one’s that 

give you more information would be better. It’s that thing of having time to study it and have it 

explained to you. We do use active factory as much as we can but could benefit from more training, 

so we could look into things ourselves. A lot of the time we’re left on our own running lots of plant. 

The last thing on your mind would be looking at something like that.” 

• “For me simple is always best. Then you know what you’re looking at. If it’s a simple visual and you 

can see if things aren’t running.(If you were investigating and were trying to figure out what’s 

gone on?) The one with the most information on and you could drill down into it.” 

 

• “6b is the easiest. There’s less information, it’s easier on the eye. 6a is confusing.” 
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• “Definitely that one is easier to see and read. (While it is easier to read would you think it 

useful to be able to click into and investigate temperatures?) yes” 

How would you change or improve any of the visualizations? 

• “See what the percentages and peaks and troughs were (maximums and minimums?) yes (so 

you’ve got something to compare it to). Yeah, things do change over time. If you know the plant 

is running well you should record that and compare against it.” 

 

• “Happy enough with the format, all the information is there. Just being trained enough to know 

what it means. It looks like the kind of thing we use on Active Factory and is in the same layout.” 

• “Frequency is a good thing and understanding it, so training would be important.” 

• “Split it into 440, like on Active Factory. Step it in. It’s about whether you select them with a tick box. 

Switch them on or off. Still wouldn’t have the more complicated, even if could switch in and out. 

Some of the temperatures we would never look at main temperatures are [pasteurisation 

temperature tag number41]” 

• “Instead of having the key here, have a line with what it is to help readability. Would also help if you 

could see visually what product is going over. We don’t really know the product code by heart, we 

use product names. We rarely use it like that. We don’t refer to the numbers.” 

If this was available e.g. on Active Factory; what do you think the problems would be in viewing 

and or making use of the information? 

• “Active factory is great if you can understand the tags. Some of the data on there you wouldn’t 

know what it was. Using the tag numbers is ok, but if people make up their own things. Got to tie in 

 
 

 
40 On the commonly used view on Active factory, four individual traces are shown in horizontally separated time series 
graphs 

41 A tag number is the unique code used to refer to a data source (e.g. temperature or pressure reading) within the 
SCADA system. 
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with the schematic. A description is good too, that helps everyone even if you don’t know the 

system. Eg preheat to homogenizer TPast4” 

• “I think if you have an investigation it would point you in the right direction. You want them quite 

snappy; you don’t want to troll through loads of data. If it’s something simple to use people are 

more likely to use it.” 

• “Can’t see any, everything is there for what you want.” 

• “We can’t print things off very easily or save views. Only a few people know how to connect it [to 

the printer] and it’s not very user friendly” 

What would be the advantages of having the information available for example in Active Factory? 

• “It gives us a good reflection of how the plant is running. If you have a standard, that is the best 

that your plant is going to run, you can make comparisons against that. I don’t want an alarm 

popping up everywhere, but you could have a box to pick out key changes. We know when things 

are starting to go off. (On an energy front, what would cause you to look at Active Factory?) 

If there were steam leaks, that’s also safety, if plant was going off on temperature or the flow was 

low. To be fair you wouldn’t need to get to that really. If you’d spotted an issue and it was gradual. 

(But you wouldn’t have an occasional glance?). I wouldn’t sit looking at active factory; I’ve too 

many other things to worry about. I’m not saying that’s right. But if the system gave some useful 

information, user friendly that would be good.” 

 

• “If you had any issues where it crashed out42 on you, can see what temperature it crashed out on. 

(Asked if would use it) – yeah.” 

 

• “There’s got to be advantages, we’re using the plant on a day to day basis it would be handy for us 

to look at. These things use a lot of steam and energy. (Would you use it for fault finding or 

 
 

 
42 I.e. the production process experienced a failure 
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general interest?) I don’t think it would be fault finding as all the time I’ve been here the key 

temperatures have been ok. So maybe more general interest and a good way to understand the 

plant.” 

Any other comments 

• (would you more likely look at it for fault finding or a general keep an eye on energy?) “it 

would be nice to say to you would keep an eye on energy but realistically there’s so much going on, 

whether you’ve got the time to do it. On the other hand it could be something the team leader could 

adopt as he has the time to step back rather than the general operators. There are other systems 

that these guys monitor like chemical use and if it’s easy to access and it’s a quick. It would be nice 

to have information that you could drill down into for root cause analysis. (With chemical usage 

how often is it reviewed?). Educating the operators is a good thing. The chemical thing it’s a 

good parallel to draw. If it’s a system that is user friendly they can do it. It’s there and it’s 

embedded, the guys know if it’s over 2.5k l they know to walk the floor and investigate. We have 

had a machine has emptied our chemical tank. There’s always a pointer to say something isn’t right. 

Investigate it. One of our biggest problems is on water we need more flow meters.– we’ve got a 

high usage – where? No one knows! We blame the butter department. Because as a factory they’re 

new only two years ago.  Their evaporator doesn’t recover anything it’s all down the drain. No 

water nothing, all down the drain there’s projects in place to do it.” 

 

• (It was pointed out to the operator that the trend we were looking at on paper was 

available on Active Factory, we navigated to the trend within the system and he was asked 

if he would look at the trend if he didn’t have an issue). “No we only look at it for flow meters, 

if you’ve got issues.” 

 

• (Do you see yourself investigating it on an energy basis?) “Probably not on a day to day basis, 

but if someone asked us to we would. We’re struggling to keep up with our day to day jobs, I don’t 

know if we have time to investigate things even if we wanted to. But it’s probably quite interesting 

things. So and is anyone going to listen so this has been locked off for a while. And managers knew 

about it so you wonder if they are interested in saving money.” 
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Summary of response to Views 6a,b and c 

The simpler version (6b) was preferred by all operators. For this exercise they had been viewing 

traces similar to 6c, and had generally not struggled, but all were clear that within the demands of 

a busy job, it was important that the information was very clear to understand as they do not have 

time to spend reviewing traces in detail. They felt that the information provided was generally 

useful and that they could spot important issues related to running the plant in particular related 

to efficiency. 

 

5.5.7 Summary of visualisation method testing  

The operators were able to spot most of the issues with minimal direction and orientation. Some 

of the issues were seen as not worth considering such as that relating to scheduling in section 

5.5.4; more prompting was required here, but that was more related to a difference in worldview 

regarding the importance of taking that action. 

When it came to choosing a preferred visualisation style, all operators chose the simplest despite 

all having managed the task of spotting issues on the medium detail visualisation type as seen in 

view 6c in Figure 5-16. The ease of spotting issues with this level of data density seems at odds 

with the operators choosing a simpler view (6b). However, it is human nature to prefer a simpler 

view, as discussed in section 4.5, and more likely the questioning and method used here is not 

sophisticated enough to get to the bottom of what level of detail is better.  

Within a custom trend, there is typically the ability to deselect particular traces within the overall 

trend view – which improves the simplicity of view as required.   

 

5.6 Machine Learning Software 

In section 4.5 we looked at the situation where differences in efficiency between runs are just too 

difficult to spot by the human eye. In this situation it is because the product type changes each 
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time and with each change the differences in recipe and temperatures mean that efficiency and 

energy use vary.  

We undertook some basic analysis on available data from P7 and used k-means clustering to show 

that differences in efficiency between runs of the same product can be highlighted using a 

clustering technique. We also identified that this clustering technique still functioned when only 

one of the non-QA43 temperatures was available. The analysis would benefit from further work 

that now will be outside of the scope of this EngD, but the intention is that it forms the 

requirements elicitation for development of software that is capable of highlighting inefficient 

pasteurisation runs and ideally undertakes a wider process optimisation function.  

The work thus far has elicited the following requirements for the software: 

· Monitor key elements of the process (possibly the whole process line) for energy 

consumption including heat and cooling use in addition to electrical energy use. 

· Be able to access SCADA data for related temperature, flow and system status data 

· From the extracted data be able to identify and isolate runs of product (different products 

if relevant). By isolate we mean to remove start up and end effects. 

· To extract key features of each product run such as flows, temperatures and efficiencies 

including the mean, starting point, slope, variation etc. 

· To compare the features of the run with previous runs of the same product and highlight 

any unusual features and whether this run compares favourably or not with regard to 

energy and efficiency. 

· To be able to output the results of this analysis in a way that provides useful information 

for the operator or manager to be able to pinpoint necessary action. 

 
 

 
43 Within the pasteurisation plant there are some temperatures that are directly controlled for quality assurance 
purposes, these are typically the pasteurisation temperature and output temperature. Where they are directly 
controlled to remain at a set-point, it is not possible to identify issues in the system by observing only the temperature 
itself. 
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Further ideal elements would be the ability to: 

· Optimise the process on more than energy  

· Suggest causes of issues and solutions 

· Model the impacts of changes on the process overall 

With software of this kind available to sites the aim would be to provide dynamic review of the 

process to ensure that it continued to operate in the most efficient mode possible while still 

achieving all of the site’s quality and safety aims.  

By utilising SCADA data in addition to standard utility metering data, a greater level of detail on 

the process is available. When interrogating the software, it would be possible to link back to data 

on which product was running, what the system status was, what key temperatures, flows, 

pressures and valve positions were. All of these data allow a greater level of interrogation into 

possible causes than just changes in utility data outputs.  

There is a question of who would use the software on the site. Clearly at this point we are a long 

way from actual software being available, but there are two main options: Engineers/Managers or 

Operators. 

Engineers and managers use software on site to review many elements of the process. Energy is 

already a common area for the use of software that reports to managers on department or sub-

line energy use on a regular basis (typically weekly). The information is fed back to departments 

particularly if performance is seen to deteriorate. The detail fed back may be relatively high level 

and it can remain the task of the operational team to identify and take action. Or a separate study 

may be set up to investigate issues. The difference with the software being presented here is that 

the level of detail of the problem should be much greater than for example “X% increase was 

observed in energy use on the butter line last week”. A brief interrogation of the software should 

give sufficient information to identify what the likely cause of the issue is. 
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For operators the sources of information for undertaking the job of controlling the process are 

shown in Figure 5-1. Referring to separate trending software is typically used for fault finding once 

it is clear that an issue has occurred. It can also be used to keep a check on processes with a 

history of instability.  It will be important to consider how the visualisation method will fit into 

their working routines and methods. 

5.7 Comparison of the two methods 

In section 5.4 we proposed a consultant led approach for helping sites improve the control of their 

processes for energy efficiency. We tested elements of this approach with sites in section 5.5. In 

section 5.6 we proposed a software based method. A comparison of the two methods is shown in 

Table 5-2. 

Table 5-2 comparison of two methods for supporting operators to improve energy efficiency of the process 

 
Site survey method Software 

Description Collection of data for approx. 2 week 
snapshot of performance on the 
process.  Review and analysis of data 
to extract recommendations for 
projects and operational changes. 
Creation of a custom trend using 
site’s own software followed by 
training in identifying and addressing 
energy related issues in the process. 

Software tool that utilises 
utility and SCADA data with 
machine learning 
techniques to assess the 
energy performance of the 
process. Each run is rated 
according to its energy 
performance and 
suggestions given for areas 
to be investigated.  

Data input sources Utility data and SCADA data one-off 
download. Possibly some temporary 
data-logger data. Site survey. 

Utility and SCADA data 
continuous feed 

Data output Survey report detail issues, 
identified quantification and 
suggestions for fixes and/or ways to 
spot this issue if it reoccurs. Custom 
trace: a live time series 
representation of the process for 
review by operators 

Post run report relating to 
relative efficiency and 
possible issues to look into. 
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Used by Output from survey used by 
engineers or managers. Training to 
include operators. Custom trace 
used by operators 

Managers, and operators  

Relative costs Minor development costs. 
Consultant cost to deliver. 

Development costs 
significant 

Development effort Development effort minor; follows 
process outlined in thesis  

Significant development 
effort 

Continuous or one-
off? 

Survey is one-off. Custom trace 
provides continuous monitoring 
possibilities (if data sources are all 
available) 

Continuous 

Live or 
retrospective? 

Custom trace on client’s own 
software (e.g. active factory) 
provides live feed. 

Retrospective post run for 
analysis 

General Positives Consultant input and time to aid 
interpretation of data. Low cost and 
low development time. Reduced 
commitment required from sites 

Focus on on-going process 
optimisation.  Detailed 
analysis. Less reliant on 
human ability to review 
data and human 
error/omissions 

General Negatives Only a snapshot of data reviewed. 
Survey is a one-off. Use of 
continuous trace may not be enough 
to highlight future issues. 

More likely to be used by 
manager level and thus be 
removed from the operator 
and immediate interaction 
with the process.  
Difficulty related to ongoing 
data extraction 

 

The site survey method is lighter touch in that it requires less investment in its creation and 

development and could be implemented and used with little delay. It doesn’t however give the 

same level of ongoing support. The custom trace does give continuous feedback but it relies on 
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the operators to interpret the data which in the already busy role of an operator is a task that 

could easily be neglected.  

Investment in software by the site would tend to motivate managers to encourage its use rather 

than a basic trace set up as an off-shoot of a one-off survey.  

Both methods have a place on sites, software is more appropriate for a site wanting to move 

further forward towards an industry 4.0 vision and who wish to engage more effectively with the 

challenge of controlling for energy efficiency.  

In conclusion; we have suggested two methods to help operators understand and reduce energy 

use in the process. The first is based on a site survey that provides useful insights and training on 

what issues are going unseen along with a basic custom trace of available information (set up on 

existing software). The second is software that uses more advanced analysis to spot energy related 

deterioration in the process and provide feedback along with contextual information regarding the 

impact of action. 

5.8 Chapter 5 contribution to knowledge 

A method to use with dairy processing sites to provide energy data visualisation and training so 

that operators can better control for energy efficiency. The method is tested with operators. The 

work has resulted in a requirements elicitation for software. A software option is proposed that 

can use existing data to provide insights into the energy efficiency of the process and give 

operators pointers and useful information relating to their control task.  
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6. Discussion 

When operators are shown data from inefficient plant, a common first response is to focus on 

product quality. When prompted to look regarding energy, they spot hidden problems. Process 

energy control is seen as the domain of engineers and energy managers, parallel issues of water 

and chemical reduction are effectively dealt with by operators44. 

6.1 Introduction to discussion section and framework 

The purpose of this thesis has been to address energy use (and hence carbon emissions) in an area 

where we have sufficient access to have impact. Given the access to clients and our knowledge of 

the sector; the dairy processing industry was the chosen focus. The aim was to address the energy 

use of “black box” processes (as defined in sections 1.2 and 2.3) in order to: 

· improve the understanding of energy use in these processes for clients 

· spot deterioration in the process   

· look for improvement opportunities 

· understand process interactions on model reliability and accuracy and 

· to be able to do this on a continuous basis rather than through periodic assessments. 

 
 

 
44 See Table 1-3 
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Figure 6-1 The research question and thesis structure 

These points suggested the overarching research question of “How can “black box” processes be 

better understood and controlled for energy (and CO2) reduction?” The term “black box” was 

defined in section 1.2 to describe process equipment where a lack of monitoring means that the 

energy consumption is not or cannot be calculated. Black boxes are further discussed in 6.2.1. 

From the exploration in chapter 1 a root definition for the problem was created: 

A Verco owned system to work with clients in the food and drink industry to make black box 

processes understandable and controllable with regards to energy and provide clients who are 

running high energy consuming plant with knowledge of where savings could be made in order 

that site CO2 emissions and energy costs are reduced. 
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The research questions were then developed in order to answer key questions needed to address 

the issues raised in the root definition.  The research questions and how they relate to the thesis 

structure are shown in Figure 6-1. 

The process of deciding on the research questions was an evolutionary process. The main research 

question crystallised near the beginning of the EngD process and from that some individual pieces 

of work were undertaken (the work to identify black boxes from chapter 2, the work with sites 

from chapter 4 and the human factors study from chapter 3). It was not until somewhat later, in 

starting to form the systems thinking element for chapter 2, that it became clear more specific 

research sub-questions were needed. Considering these gaps, the questions related to the work in 

chapters 3 and 4 came to mind readily. Subsequently it was a case of filling in the gaps; what other 

questions need to be asked to build up our understanding of how to answer the main research 

question? As the work for chapters 3 and 4 had already begun to form coherent chapters; it made 

sense to look at the other questions in terms of the chapter structure also. The work in section 2.4 

resulted from the realisation (during the process of identifying research sub-questions) that a 

substantial gap had been missing in the work so far that is how far is lack of monitoring data an 

issue? And does process control for energy efficiency happen?    

The following section of this discussion chapter summarises the results obtained in answer to the 

research questions. We attempt to interpret and explain these results and place them in the 

context of other work in the field. We finish with a critical evaluation of the work undertaken. 

 

6.2 Results from the work 

6.2.1 What are the “black box” processes? 

The black box processes are pasteurisation and Clean in Place. 



280 
 

The question “what are the “black box” processes?” was discussed in section 2.3. A review of 

Verco energy reports was undertaken; looking at the recommendations given for dairy and food 

processing sites. 

We defined black box processes as those with: 

• Excessive complexity of system. Interacting elements that make comprehension of 

workings difficult 

• A reduction in energy use of one part may result in increases elsewhere in the system 

• Lack of monitoring or visibility on energy use 

• Energy consumption is significant (>10 %) 

• Requires interpretation of data to understand 

• Process related 

From reviewing Verco energy reports undertaken for food & drink clients, we found that the main 

processes that fit the description above are Pasteurisation and Clean In Place. We focused our 

investigations into pasteurisation for the thesis but findings could be extended to other black box 

processes such as CIP.  

Sterilisers, separations, homogenizers, fillers, bactofuge and “air pop” plants were also identified 

as black boxes. Pasteurisation and CIP are particularly ubiquitous throughout the food & drink 

industry. Some of these other technologies are rather more specialized, for example the “air pop” 

plant is particular to confectionary (the study included all food and drink clients not just dairy) and 

the bactofuge removes bacteria during pre-treatment of cheese milk. 

These are not necessarily the only “black box” processes. In other work undertaken since 

completing the reports study it has become clear that dryers are another process element that 

would benefit from similar scrutiny. There are various elements to control and marginal 

differences in drying can have exponential differences in energy requirements. Drying is the most 

energy intensive of the dairy processing operations (Ramirez et al., 2006). Again, typically the 

energy consumption is not monitored at the level of the dryer unit. 
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We have chosen this focus of “black boxes” because the insight and experience from our work 

with Verco led us to understand that process elements or lines are not controlled in a way that 

seeks to minimise energy. 

The implications of the findings are that these processes (pasteurisation and CIP) require more 

attention with regard to energy reduction than they are currently receiving. The energy reports 

undertaken by Verco highlight these processes repeatedly as requiring further study to improve 

energy efficiency.  Our interpretation of the fact that they are so often identified as “needing 

further study” is that the units are difficult to decipher regarding energy consumption, that their 

energy consumption is significant enough to warrant dedicated studies, and that they have not 

been tackled by sites already. 

UK dairy processors process 14 billion litres of milk annually. Most of that is pasteurised at least 

once, however as seen on site Y in section 4.2, milk can be pasteurised multiple times as it is 

transferred between sites and sub-processes.  

On pasteurisation unit P7 we identified a cost of 70k-80k per year as the difference between 

running at 60% efficiency and 90%. Given the throughput of the unit this difference in efficiency 

equates to £200/hr when throughput was 20,000l/hr or £0.01/litre extra cost. This efficiency gap is 

an extreme case, but 1p extra cost per litre on 14billion litres of milk equates to £140million. Given 

the volume of milk pasteurised (and the number of times), given the potential for hidden energy 

issues that can result in big energy costs for the site (and CO2 implications). We feel there is an 

imperative to address the energy performance of pasteurisation and explore the system issues 

that contribute to energy related problems.  

6.2.2 How far is lack of monitoring data the issue? 

Lack of monitoring is a significant problem on UK dairy processing sites. 

In section 2.4 we investigated the state of energy monitoring on pasteurisation plant both from 

our own experience of working with sites and with a telephone interview with eight major dairy 

processing sites. From that study we concluded that the current state of energy monitoring of 
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pasteurisation plant in the UK is poor. Many sites do not have sufficient temperature or heat 

monitoring on units to calculate or meter heat or cooling use in the plant. In pasteurisation, heat 

and cooling are the primary sources of energy consumption. Electrical energy for pumping is 

smaller in comparison (Figure 3-1) at about 2% of energy consumption. Only 45% of the 

pasteurisation units included in the study had sufficient monitoring to allow heat and cooling 

consumption to be understood. This figure includes 15 state of the art pasteurisation units from a 

new “eco-site”. With this eco site removed the figure is 28% which more closely reflects the state 

of UK pasteurisation equipment in terms of age and ambition given we know of only one “eco-

site” aiming to be carbon neutral. The study also identified the problem that many sites have this 

data available already but are not using it (this is discussed in the following section 6.2.3). 

The installation of temperature monitoring on the regeneration temperature(s) (Figure 2-9) or 

heat metering on the utilities (hot and cold water) into the pasteurisation line would allow heat 

consumption to be understood. Installing new meters requires investment. Adding energy 

monitoring through retrofitting additional temperature probes can be seen as a risky option due 

to the risk of increasing bacterial growth surfaces and having to break into the process line ((Bunse 

et al., 2011)(Hasanbeigi et al., 2010)(Thollander & Ottosson, 2010)(Thollander & Ottosson, 

2008)(Rohdin et al., 2007)(Sandberg & Söderström, 2003)). Regeneration temperature monitoring 

is found on some pasteurisation units but not uniformly. Having sufficient temperature monitoring 

to calculate heat transfer or heat metering as standard on a pasteurisation unit would be a very 

positive move.  

The lack of monitoring on these sites gives us clues regarding the importance of energy use of the 

process to these sites. Energy is being monitored at some level on the site, certainly the electricity 

use of the site and the gas use overall. Two of the eight sites in the study only reported on site 

wide energy figures, the rest reported energy at department (4 sites) or sub-processes/line (2 

sites)levels.  Reporting energy at department level will give indications of what is happening with 

processes energy wise, but the job of fault finding becomes difficult the more separate plant items 

are within the department.  It is only when energy reporting is undertaken on sub-processes such 
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as pasteurisation that we can have a direct insight into what is happening (without having to 

resort to a separate study for investigation).  

Why is there not metering on so many of these pasteurisation units? From the study in section 2.4 

the first response is that of the age of the units. The oldest unit in the study being 45 years old, the 

average age of units was 12years old. This however isn’t an entirely satisfactory answer given that 

we found 20 year old units with sufficient temperature monitoring and 5 year old units without.  

We discussed the role of manufacturers with sites interviewed. A more accurate source of the 

problem is that energy monitoring and energy efficiency are not overt parts of how a 

pasteurisation unit is marketed. The key selling features are around product quality; little is 

promoted from the manufacturer side regarding energy. Temperature monitoring points will be 

installed wherever the client requires them but if the standard model comes only with monitoring 

on the standard quality assurance temperature points (pasteurisation and output temperature), 

then it requires the site that is specifying the unit to ask specific questions regarding monitoring. 

The site has to ensure that the design of the new equipment will allow them to understand the 

energy use of the unit. It becomes easier to see how this element can be neglected if there are not 

specific pointers on energy and energy monitoring in the procurement policy. 

The implications of so many pasteurisation units not having metering available are that controlling 

that part of the process with energy reduction as an aim becomes much more difficult for the site. 

Investigations into the energy status of the plant become occasional based on temporary data 

with potentially bigger error margins. These investigations are the domain of management and 

consultants. They can identify investments that are required and operational changes needed, but 

their impact is static in that ongoing or new issues cannot be spotted once the investigation is 

over.  

For a site with a wish to improve the energy use in the process, if they don’t have sufficient 

monitoring on equipment like pasteurisation, they are faced with a choice to invest in retrofit 

monitoring or to find some other way of understanding the day to day running of the plant in a 

way that highlights energy.  
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We conclude that lack of monitoring is a significant problem. Any solution needs to account for 

the possibility that the pasteurisation unit will not have sufficient data available to be able to 

calculate energy. When presenting the work on the state of process monitoring for energy in 

section 2.4 at an international conference, a Swedish participant who worked in process energy 

research, expressed great surprise at the findings given his own experience in the Swedish 

industry. 

A separate piece of work to engage with clients and manufacturers for example through an 

industry body such as Dairy UK would be beneficial. The focus would be on equipment design and 

specification. 

6.2.3 Does process control for energy efficiency happen? 

Process control for energy efficiency does not happen at most UK dairy processing sites. Dairy 

processing sites can benefit from having energy data from pasteurisation visible and accessible to 

operators and engineers. 

Only one site in the study from section 2.4 undertook regular monitoring and review of 

pasteurisation energy use. This was the eco-site (Site X) that had been recently purpose designed 

to create a zero carbon dairy processing facility. The pasteurisation runs were not monitored real 

time for energy, but at the end of each run a report was sent to the energy manager with data 

relating to the energy performance of that run. He then considered what changes or interventions 

may need to be made in future. Savings had already been made from this process despite the 

plant being less than 5 years old.  

Process control for energy efficiency does not happen, primarily because there is insufficient data 

on the energy use of the individual parts of the plant, but also presumably because it is not seen as 

a priority. In our study we found that 28% of the units other than those at site X had monitoring 

but this was not used by the sites for energy management purposes. It is not seen as a priority as it 

is imagined that it would conflict with the primary aim of product quality ((Bunse et al., 

2011)(Hasanbeigi et al., 2010)(Thollander & Ottosson, 2010)(Thollander & Ottosson, 2008)(Rohdin 

et al., 2007)(Sandberg & Söderström, 2003)) even though lowering overall production costs must 
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be a priority for any business. The energy costs may be seen as a small proportion of the issue 

compared with ingredient and staff costs. 

This lack of priority has to be taken into account in considering solutions to the overall problem. A 

technical solution to allow energy use to be understood is insufficient if the reason that process 

control for energy doesn’t happen is due to energy reduction not being seen as a priority.  

Dairy processing sites can benefit from having energy data from pasteurisation visible and 

accessible to operators and engineers. As discussed in section 2.4: those sites that have either 

reviewed pasteurisation energy performance either periodically or continually have found a 

variety of energy and cost savings, many being operational fixes requiring little or no capital 

investment. This is discussed further in section 6.2.6. 

A report produced by the Institution of Civil Engineers in 2014 identified process control as a key 

area of energy saving opportunity for the food processing industry (Lutzenhiser, 1993). 

As discussed in section 2.4 manufacturers do have a part to play in reducing the energy 

consumption of the equipment and in ensuring that their customers can run the process as 

efficiently as possible. The design of the zero-carbon site (“site X”) sets a positive example. 

6.2.4 How important is the role of the operator in controlling the process? 

The operator is central to control of the process and is involved in planning and scheduling product 

runs, the operator directs and monitors all process runs and deals with changes, faults and 

emergencies. 

In controlling the process overall the operator is vital. The processes wouldn’t run in their current 

set-up without operator involvement. As uncovered in chapter 3: the level of involvement is 

significant; including planning and scheduling the different products running on the plant in order 

to meet targets, starting, monitoring and stopping runs, dealing with changes, faults and 

emergencies. The operator has a great deal more autonomy than might be supposed by someone 

who is just aware that the process is “controlled by SCADA”.  
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The process is not controlled with energy reduction as priority, so in this context the operator is 

not involved. In the one example we have from site X of process review for energy; the operator 

was not involved in identifying issues that related to improving the energy use of the process 

though indeed they would receive information from the energy manager if he identified an issue 

that needed dealing with.  

Our work in section 3.2 identified the potential for operator involvement in reducing the energy 

consumption of the process; operators interact with the process in real-time and can deal with 

many issues as they arise. Issues that they cannot deal with can be fed back to management as 

suggestions for improvement. There are good examples of parallel tasks where the operator 

controls the process with a mind to minimising water use or chemical use. The process of doing so 

is entirely analogous with reducing energy. It feels from this perspective that the problem is rather 

wider than the technical issue of how can the operators get the information they need to control 

for energy, but rather more about how can it become part of the operator’s routine and priority 

set for them to control for energy.  

6.2.5 What are the barriers to operators controlling for energy reduction? 

The barriers to operators controlling for energy reduction are: lack of data, lack of directive from 

management and information not being easily digestible in the time and constraints of the role. 

If operators are given the task of reducing energy consumption, and are provided with data on the 

energy use of the process, they have the skills and autonomy to achieve that task. 

The obvious barriers are the lack of data available on some plant because temperature monitoring 

that would allow energy to be calculated or heat metering is physically not in place. Also, the task 

is not currently assigned to operators. Even where energy is discussed in team meetings and 

generally in the workplace; the directive to minimise energy use is not given explicitly as it may be 

with water or chemical use. This results from issues further up the company hierarchy regarding 

energy policy and who is responsible and how energy issues are communicated.  
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For some sites, the information is available, but it is not presented in a way that the operator 

could easily interpret within the bounds of the existing role (given time and resources available). A 

problem could be spotted on the live production run, but how does the operator interpret that 

issue? How do they quantify the benefit of acting and understand any cost implications the 

intervention may have? If a calculation is required to turn the information on energy use into, for 

example, cost justification for an action then it is likely that the action will not take place. 

Other barriers are time and the constraints of the existing job.  The operators already have a full 

“day-job” and many priorities to balance. Though as said in 6.2.4 and chapter 3 they already 

undertake similar activities such as controlling for water reduction and can balance multiple 

priorities with skill. 

The implication of these barriers is that the process is not controlled for energy reduction, because 

as discussed in section 5.3, there is currently little investment in technologies that automate the 

control of the process for multiple objectives i.e. including energy and other resource reduction. 

The operator is central to how the process is controlled. 

6.2.6 What problems are going unseen and what savings can be made? 

Sites can be grouped into three main categories: 

• Category 1: Those that undertake no monitoring or review of pasteurisation units  

• Category 2: Those that undertake periodic review of pasteurisation units 

• Category 3: Those with regular monitoring and review of pasteurisation units  

Category 1 sites are likely to have significant opportunities for savings (20%+ of current 

pasteurisation energy cost) and perhaps 5-10% for category 2 sites. 

Issues that are going unseen can be categorised by shape or rather the visual signal that would 

need to be noticed in order for the issue to be spotted. Categorisation in this way can help us 

develop methods of spotting issues. 

Chapter 4 covers the work undertaken at client sites to understand what the energy efficiency of 

pasteurisation equipment is, what issues can arise to impact energy use and whether these issues 
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are understood/seen by the site. From studies on three pasteurisation units at two sites a number 

of issues were spotted as shown in Table 4-16. 

The savings for each site varied; the first site (site Y) being such that they had previously 

undertaken heat mapping studies including the pasteurisation unit. The state of the pasteurisation 

unit was relatively good. Some improvement in efficiency was possible (5-10%) but it was minor in 

comparison to the potential savings found at site Z, where savings of approximately £70k per 

annum were possible on each of the two pasteurisation units studied (there being a total of 4 

pasteurisation units on the site). 

The explanation for the difference in savings was identified in section 2.3: in terms of process 

monitoring and control for energy efficiency; sites can be grouped into three main categories 

(Figure 2-10): 

· Category 1: Those that undertake no monitoring or review of pasteurisation units 

(including plant with insufficient instrumentation) 

· Category 2: Those that undertake periodic review of pasteurisation units 

· Category 3: Those with regular monitoring and review of pasteurisation units (namely “site 

X” as discussed in section 2.3). 

If this is the case then it needs to be considered if just being a “category 2” site is enough. Is it 

necessary achieve a “category 3” status? Certainly it would appear to be an important 

improvement on what can occur on a “category 1” site.  The periodic review undertaken at site Y 

was on a similar level to that undertaken in the work on chapter 4. It included a heat mapping 

study and a report back to the site on specific issues they could tackle to improve the efficiency of 

their overall process including pasteurisation.  It is difficult however to say that just this one 

intervention of a heat mapping study made the difference between the two sites. From our 

experience of working with both, it would seem that the client company of site Y had a rigorous 

and relatively comprehensive energy policy. Site Y had previously been owned by another 

company and from work on other sites in the same company it could be said that site Y was 

slightly behind where many of the other sites sat energy wise.  
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The units at site Z ranged in age from 15-45 years and it would seem that very little had been 

undertaken regarding energy since each unit was installed. The site had been challenged with 

acheiving a million pound saving on their energy bill and this had led to some more enthusiastic 

interest in the energy performance of the pasteurisation units. The savings identified on the units 

studied would add up to being a significant proportion of the required savings especially if similar 

savings (as is expected given the age and condition) were to be found on the remaining 

pasteurisation units.  

Table 4-18 shows how these events can be categorised by shape or rather the visual signal that 

would need to be noticed in order for the issue to be spotted. Categorisation in this way can help 

us develop methods of spotting issues, but the groupings themselves tell us little about the causes 

of the issue in that for example a step change on two different traces (flow or pasteurisation 

temperature) can look similar but have very different causes (operator changing the operating 

conditions for the flow or the recovered water system running out of capacity).  

The causes of the issues seen can fall into the generic categories shown in Table 6-1.  

Table 6-1 Categorisation of the causes of energy related issues 

Cause of Issue Category Detail 

Operator error For example, choosing incorrect parameters in a recipe.  

Standard Operation The issue identified occurs in standard operation when other 

issues (product quality, time, safety etc.) take priority over 

energy. Or just when energy is not considered. This kind of issue 

is often known about previously but may not have been 

considered as something that could be changed. 

Software fault Issue within SCADA or related software such as two conflicting 

codes in operation at the same time. 

Hardware / Process 

Mechanics related fault 

Fault on the process line, for example leakage or fouling. 

Control fault The control system is the interface between SCADA and the 
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process hardware. An example issue observed is the control 

system being unable to keep the system stable using just hot 

water during water, flush and product recirculation modes of 

operation.  

Legacy issue Historical design or set-up choice (e.g. historical change of a set 

point that was never changed back) continuing to have an 

energy related impact on process operation 

Unknown cause Cause currently unknown  

 

An issue that is the result of operator error is typically something that can be rectified as soon as it 

is spotted; therefore spotting it earlier in the run is preferable. Though feedback can be given post 

run. An example from our data set is the incorrect temperature setting (Issue 3 from section 4.2). 

The operator error issues tend to be unknown and avoidable (as per definitions in Table 4-17). 

Issues occurring in standard operation can be better understood by seeing them on a trace such as 

having multiple tank changes as in issue 6 from section 4.2. When the team leader saw the trace 

even though he knew it occurred, he was minded to talk to the team about avoiding it in future. 

However some issues such as scheduling can be seen as unavoidable. The opportunity to question 

these items of standard operation still remains valuable. Issues that are caused by “standard 

operation” are known and generally seen as unavoidable though as above, that can be debated.  

A software fault typically requires specialist intervention to rectify but the site will be keen to spot 

any of these such as conflicting code. A software fault would be unknown (otherwise it would have 

been fixed) and avoidable. 

A fault on the process needs to be spotted quickly. Depending on the severity it is likely that these 

may already be linked to associated alarms. An issue like fouling however has to be balanced off 

between the costs of cleaning versus the cost of lower efficiency. Issues on the process can be 

either known or unknown and avoidable or unavoidable. The recovered water issue comes under 

this category of process fault, it cannot be fixed mid run but requires a capital fix.  
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A control fault may have an impact on the process that cause alarms or in the case of the cold 

water during recirculation it could become more like the category of legacy issue where a fix 

remains in place indefinitely. Seeing this issue on a trace gives a useful reminder that these things 

can be fixed. A control fault can be either known or unknown but is avoidable. 

Legacy issues are generally known and avoidable. As above, seeing these issues on a trace gives a 

useful reminder that they can be changed. An example is the AIC temperature on P7; it was only 

set to 123degC because that is the maximum temperature the unit was capable of achieving. All 

operators knew this was the case, but it was only really when seeing it on a trace such as in Figure 

4-20 that the contrast between the AIC and pasteurisation temperature really stood out and 

suggested that there was a problem. 

6.2.7 What method(s) can be used to understand and reduce energy use in the process? 

We have suggested two methods to help operators understand and reduce energy use in the 

process. The first is based on a site survey that provides useful insights and training on what issues 

are going unseen along with a basic custom trace of available information (set up on existing 

software). The second is software that uses more advanced analysis to spot energy related 

deterioration in the process and provide feedback along with contextual information regarding the 

impact of action.  

In section 4.5 we looked at the case when the data in a time series trace becomes too difficult for 

easy assessment by the human eye; especially where that is the eye of a busy operator.  We 

looked at a method that utilises clustering techniques to allow runs to be compared with runs of 

the same product and identify if changes in efficiency had occurred. It also seemed possible that 

for some configurations of pasteurisation unit that it would be possible for the algorithm to 

function (i.e. identify clusters of efficient vs less efficient runs) even when key temperatures were 

missing that are needed to calculate heat transfer. As long as at least one “non-QA” temperature 

(i.e. one temperature that is not directly held steady by the control system) is monitored, then the 

technique appears to be able to identify issues in the system. Further studies on more data sets 

would be beneficial. The current work is based on too few data sets to be conclusive. This work 
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constitutes requirements elicitation for software that could be used to automatically identify 

issues with efficiency. It would operate immediately post run i.e. not live during the run. But would 

give prompt feedback as to how the efficiency of this run compared with other runs of the same 

product. In this way it would be similar to the way of working at site X, and the output data would 

seem more likely to be destined as the domain of the process or energy manager rather than the 

operator. 

There are two different but complementary outputs from this work that could be used by clients 

depending on their situation, level of existing metering and engagement with the energy reduction 

task. The two options are a software solution that utilises machine learning to highlight potential 

for process optimisation with regards to energy and a method for engaging with a site for a 

detailed survey and design of support going forward (which may or may not involve additional 

software). 

The survey method includes: 

1. An in depth investigation of the process including a data collection period 

2. By eye investigation of data to spot issues 

3. Discussion with operators to understand context, and whether issues are known/unknown 

and avoidable or unavoidable 

4. Creation of custom trend that operators can use as part of their normal routine 

5. Discussion with operators regarding the types of opportunities they may expect to see 

This is shown in more detail in Figure 5-7. 

Chapter 5.5 described how to test the method outlined in Figure 5-7. We focused on the creation 

of a custom trend and whether that would be something that operators could engage with. The 

process of undertaking the deep dive survey and analysing data was already modelled in the work 

from section 4.2 and had been shown to be effective in identifying energy related issues on 

pasteurisation units. 
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Operators preferred visually simpler time series charts, though were adept at interpreting the 

more detailed time series charts (section 5.5).  

The machine learning task undertaken within the thesis is basic. It gives an indication that a 

software output to spot opportunities for energy related process optimisation is possible where 

certain data is available. The work thus far has elicited the following requirements for the 

software: 

· Monitor key elements of the process (possibly the whole process line) for energy 

consumption including heat and cooling use in addition to electrical energy use. 

· Be able to access SCADA data for related temperature, flow and system status data 

· From the extracted data be able to identify and isolate runs of product (different products 

if relevant). By isolate we mean to remove start up and end effects. 

· To extract key features of each product run such as flows, temperatures and efficiencies 

including the mean, starting point, slope, variation etc. 

· To compare the features of the run with previous runs of the same product and highlight 

any unusual features and whether this run compares favourably or not with regard to 

energy and efficiency. 

· To be able to output the results of this analysis in a way that provides useful information 

for the operator or manager to be able to pinpoint necessary action. 

A tension within this work has been the question of who uses any output method. Most process 

related energy efficiency work originates and sits at manager level. These manager based 

initiatives are important and work. But an argument that has run through this thesis is that 

operators are capable of doing much more on energy and have the position of being able to 

intervene live in the process and to spot more detail on what is happening minute to minute on a 

production run rather than considering post fact summaries of runs or interpreting department 

level data.  

The clustering method may be more likely to be utilised by managers. The survey method outputs 

would be interpreted through discussion with hopefully both operators and managers. But the 



294 
 

intention is that the output custom trends would be viewed and interpreted live by the operators. 

Much of the work done in this thesis concentrates on operators including interviews and 

ethnography. Many conversations with managers have taken place in the course of this work, but 

it is to be considered that more formal data extraction from managers could have taken place.  

 

6.3 Evaluation 

At this point in the study, it is important to look back to critically evaluate the work done and 

decisions taken. Questions come to mind to challenge the conclusions reached and the directions 

taken. 

Are we justified in looking at the black box processes? The argument for focusing on black boxes is 

strong, but perhaps a different way of framing the issue would have been to look first at the 

process as a whole. The process on any site will be made up of a mix of “black box” processes: well 

understood elements such as boiler plant and motors and drives. By starting off with a whole 

process approach it should be possible; after an initial survey of available data and discussion with 

operators to identify all the black boxes and to provide some prioritisation. Also, in starting from 

this whole process viewpoint it is more natural to consider knock-on effects e.g. where a change in 

operation of one process element to reduce energy has a negative impact elsewhere; for example 

where the decision to clean the process early due to fouling has a negative effect on the 

consumption of water, chemicals and energy from cleaning.  

Was the method used sufficient to identify the black boxes? As mentioned in section 6.2.1 there 

are other potential “black box” processes such as dryers that are worthy of attention. The method 

of studying Verco reports did give a useful insight, but it is possible to imagine doing work directly 

on client sites in order to find out from the operator and manager point of view what the 

processes are that most fit the criteria of black boxes.  

Have we done enough for sites where there is no monitoring on the units? Lack of monitoring is a 

significant issue, as stated in section 2.4, only 28% of the sites (other than the eco site) have 
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sufficient monitoring on pasteurisation units to be able to calculate energy consumption. For the 

work in chapter 4 we have taken data from units where monitoring is available. This was a 

conscious decision based on ease of access to data and wanting to get a detailed picture of what 

was happening on the plants when they weren’t being looked at for energy (despite having 

monitoring sufficient to calculate energy – none of these sites did calculate the energy use of 

pasteurisation on anything like a regular basis). Where data loggers were used, the calibration of 

those revealed that there was a margin of error between 2 and 5.5°C depending on the cable used 

(See appendix F). As set out in Figure 1-2 it is not possible to calculate energy if regeneration 

temperatures are missing. So when trying to solve the issue of how to improve energy of black box 

processes at sites without sufficient monitoring to calculate energy what options are you left with? 

One answer is to look at how installation of monitoring can be encouraged. This needs to be 

through engagement with manufacturers, industry bodies and clients. Another option is to look at 

what can be achieved with the data available such as with the machine learning work in section 

4.5. 

Have we really addressed the situation seen on many sites where “energy is not a priority” in the 

solution? In section 6.2.3 we discussed how process control for energy does not happen due to it 

being a lack of priority for the site. The method in chapter 5 needs to address this in terms of 

engagement with management and the training element. It can be the case that sites may have a 

comprehensive energy policy for the client company but that implementation varies in terms of 

how far the energy message and methods spread either due to differing interpretations or how far 

the policy itself advocates controlling energy (i.e. is the process efficiency explicitly discussed) . 

Have we addressed the question: “how can it become part of an operator’s routine to control for 

energy?”  This has not been explicitly addressed with a particular piece of work within the EngD. It 

is however discussed within chapter 3 that the task of controlling for energy is well within the 

operator’s capability and has parallel examples such as operators controlling for reduced water 

use and chemical use. The mechanism by which these things become part of an operators routine 

has not been investigated, but our experience is that most of what is key to an operator role is 

communicated through initial training, communication from peers (i.e. senior operators and team 
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leaders) and daily team meetings with managers present. Other elements to be considered include 

the visualisation options such as those discussed in chapter 5 and static boards such as in Figure 

4-42. 

Is a live monitoring tool necessary? Is an occasional deep dive survey enough? Chapter 5 proposes 

two elements; a software based tool and a survey method. The survey method equates to a deep 

dive survey though it includes outputs of creating custom visualisation trends (where the software 

to support this already exists on site as it did with site Y and Z). The argument for live monitoring is 

to be able to intervene immediately in the process and to be able to make control decisions based 

on energy. Looking at retrospective outputs from process runs gives information regarding 

improvements that can be made in future, but a robust process of recording and implementing 

these is required. 

Throughout the literature searches, it has been surprising to find so little work on the behaviour of 

the human operator and their role in process control with regards to energy optimisation. There is 

much research into technology based solutions and perhaps in the context of an approaching 

Industry 4.0 this is unsurprising. In particular the Centre for Process Analytics and Control 

Technology (CPACT), an internationally leading consortium, focuses on technology45; their 

research centres around the hardware and the software; the tools that can do the job. There 

appears to be very little indeed nothing on human elements of control. This is mainly due, it 

seems, to their interest in machine learning and AI elements.  

 

Industry 4.0 is seen as offering great opportunities to increase sustainability throughout the whole 

supply chain (Stock & Seliger, 2016). In most visions of industry 4.0, the human is still included in 

the organisation structure somehow, but this can vary from humans directing only overall 

objectives: “the organizers of value creation” (Stock & Seliger, 2016) to “human in the loop” control 

 
 

 
45 https://cpact.com/research/publications/process-control 
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or “Operator 4.0” (Romero, Stahre, Wuest, & Noran, 2016). The Operator 4.0 concept includes 

opportunities to open up employment roles to previously physically disadvantaged workers (older 

or disabled) using augmentation and enabling technologies. Ideas also include the ability to use 

virtual reality to be able to increase safety by removing humans from dangerous environments. 

The Operator 4.0 will be aided by robots and will work with robots(Romero et al., 2016). 

Undoubtedly, changes in working practice from that seen currently will go hand in hand with this 

revolution. But ideally the operator role will be supported and enhanced to make best use of their 

skills.  
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7. Conclusion 

The UK dairy processing industry is responsible for significant CO2e emissions from energy use. On 

dairy processing sites, process elements such as pasteurisation, Clean In Place (CIP), Dryers and 

Evaporators can make up the majority of energy consumption. These processes are not typically 

monitored in a way that the energy consumption can be known in real time. Even when they are 

monitored, this information is not used. Pasteurisation and CIP in particular are what can be 

thought of as black box processes. The processes have a degree of complicatedness and a change 

in energy use in one place may have an unseen consequence of an opposite change in energy use 

elsewhere.  

The operator has a great deal of autonomy to intervene in the process and make control decisions 

that can improve efficiency; be it water use, chemical use, product loss, time or energy efficiency. 

There are issues that can go unseen and effect the energy consumption of the process if the right 

monitoring is not in place. Operators can make control related decisions to avoid some of these 

issues occurring, or mitigate their effects. The operator cannot respond to all of these issues with 

improved control decisions but they are well placed to understand and highlight to management 

the issues that they see. In order to do this, the operator needs to have some information on the 

energy use of the process and information that puts the energy use in context with other metrics 

such as the cost of cleaning or stopping the process. Data from the process along with some 

calculated trends relating to cost visualised as a time series chart is a simple way of using existing 

data and commonly available software (typically already found on dairy processing sites).  

Not all issues can be seen easily by the human eye based on unmodified time series data. Further 

analysis and machine learning techniques can help by picking out differences in current runs when 

compared with previous runs of the same specification. The information can be fed back to say 

whether that was an efficient run or not. This analysis can also be useful where data points are 

missing and a full heat transfer cannot be calculated but non QA temperatures are available. Again 
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the analysis can be run just on these non-QA temperatures and still successfully highlight 

inefficient running.  

Managers and engineers will be the ones deciding about project implementation, investments and 

process changes relating to optimizing for energy but by bringing the point of responsibility wider 

and the sources of information wider in accessibility – an important improvement in energy use of 

these processes can be made. 

Further work that could be beneficial includes engagement with manufacturers, via bodies like 

Dairy UK, over the inclusion and promotion of temperature and energy monitoring in units. It 

would also be beneficial to develop software that supports operators in interpreting the energy 

performance of the process and assists the operator in the control choices that they can make.  
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11.Appendices 

Appendix A: Interview questions for review of pasteurisation process 

monitoring to support energy efficiency in the dairy industry 

1. Can you just describe your role and in particular how that relates to; 

Energy use of the process 

The design, installation or running of the pasteurisation process 

2. How many pasteurisation units do you have on site?  

3. Can you provide me with a little more context regarding which parts of the process they service?  

4. What is the Age of plant? 

5. Are plant items:  

Standard plate heat exchangers for high temperature pasteurisation (how many plates) 

UHT units 

Tunnel pasteurisers 

Other? 

6. Do you feel that you understand the energy consumption of the pasteurisation units and whether they are 
running efficiently or not? 

7. Which (if any) of the units have temperature monitoring on the regeneration temperature? 

8. Is there any heat metering on the utilities (hot and cold water supply) that would allow the calculation of energy 
use per pasteurisation unit? 

9. Who is the main manufacturer of each pasteurisation unit? 

10. Do you feel that the manufacturers support monitoring energy efficiency?  

11. How would you rate the documentation provided by the manufacturer?  

12. Do you feel that the manufacturer provided any energy related features? Do you think the manufacturer sees 
energy use as a design priority?  

13. What do you think manufacturers could or should do to improve energy consumption of units? 

14. At what level on the site is energy consumption tracked? Site wide, department or process? 

15. Who uses the reports on energy consumption? 
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Appendix B: Interview question flowchart 

The interview plan, constructed before interviews, is listed below. Note that (1) some questions 

did not result in productive answers and are not discussed in this paper (2) the methodology was 

flexible so that questions posed in-situ could divert from the plan (3) for clarity of presentation, 

the responses in the tables have been restructured, and do not necessarily map onto the original 

plan. 
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Appendix C Comments on Plant Control 

Publication of a complete plant instrumentation diagram is prevented by space limitations and 

commercial confidentiality. Reference [1] lists the operations taking place and in the professional 

experience of two authors (CC, AT). (1) The feedstock can take many forms: raw milk; recovered 

cream; skimmed milk, changing from day to day according to supply and demand. Many storage 

tanks are available for feedstock (2) There are many processes depending on desired product: 

pasteurisation (milk and cream); separation plus pasteurisation (cream); evaporation and spray 

drying (powdered milk) (3) There are many product storage tanks, potentially connected to the 

many processes. Each storage tank is to hold a temperature suited to the product concerned.  

By means of example, Figure 1-2 indicates the automatic control of a pasteuriser. Three-term (or 

PID) controllers will hold certain temperatures and flow rates to set point for fixed periods of time 

(indicated as SP (set point) on Figure 1-2). Automatic control does not deal with certain issues that 

therefore demand the attention of the operator, these include; feedstock variability (e.g. cream 

percentage and incoming temperature), sequencing of clean in place, the deployment of produce/ 

feedstock to/ from storage tanks, … (Note that in the deployment of storage tanks to plant the 

operator needs to deal with many-to-many relationships, and integrate deployment into shift and 

transport patterns such that product is not wasted.) 

 

[1] http://www.fao.org/wairdocs/lead/x6114e/x6114e06.htm 

  

http://www.fao.org/wairdocs/lead/x6114e/x6114e06.htm
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Appendix D Control Room Case Study – Day in the Life of a 

Pasteurisation Unit 

Control Room Case Study – Day in the Life of a Pasteurisation Unit 

Observations on the role of process control operators 

This case study is assembled from the ethnographic observations made during the site visits. 

It’s 8:30am and the control room is packed with men in white overalls and boots and blue hairnets 
and beard covers. Each takes his turn to update the rest on what the priorities of his shift are, it is 
matter of fact. A stern word about product wastage from packing errors is followed by smiles with 
news of an initiative to reduce product lost to drain during line change overs. Product loss is the big 
issue. Meeting over, most of the masked men break into smaller groups, discuss a last few points 
and then head out into plant and production rooms. 

The control room is quiet and just a few people remain, three men sit at a long control desk with 
three stations each having three screens. The atmosphere is calm; they are busy but not stressed. 
Each one has a part of the plant to monitor: liquid process, evaporators, dryers. The new shift are 
checking what is already underway, moving silently from window to window on their screens. They 
each record key numbers in paper logbooks in front of them. Once they are fully tuned into what is 
going on “out there”, they start to relax, the radio is switched on and the first words exchanged are 
about who wrote the song. Everything else is in hand.  

 The cream pasteurisers are part of the liquid process desk. Liquid process is the hardest desk to 
master. Operators start on the dryer desk, learn how to control that part of the process then move 
to the evaporators maybe for 6 months before they are ready to work on liquid process. The SCADA 
systems do much of the work, following programmed routines. The difficulty comes from the 
number of different elements and routines that must be understood, planned in, watched, and 
controlled. An operator on liquid process is interacting with the milk intake (selecting tanks and 
authorising unloading of new milk supplies), storage of raw milk (tank volumes, cleaning routines, 
temperatures), separators to send the skimmed milk off to the evaporator (and from there the 
dryer) desks. The cream from the separators then goes to storage (again tank volumes, cleaning 
routines, temperatures) and on to pasteurisers. Cream may also be returning from other parts of 
the process waiting for pasteurisation. The routes into and out of the liquid process sphere of 
influence can appear as a spaghetti junction. Some human decisions are by the book; test the 
cream for acidity level, phosphate, and dissolved solids, check the age and temperature. Does it 
pass? Yes? Ok send it on. But many of the judgements are about planning how to most efficiently 
achieve the required product volumes. The operators are able to able to use their judgement to 
manage and balance the elements of the plant: 

-Delaying the start of a process to allow greater through flow.  

-Stopping a process early to avoid too small amount held in the next tank.  
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-Waiting to clean so that the process can be started without an additional pre-heating routine.  

The liquid process section has the most process elements to keep a vigilant eye on. 

The operators intervene in and direct the process in a number of ways: 

-Scheduling.  This is done typically at the start of each shift, deciding how best to achieve the 
required volumes of product. 

-Reactive changes to the schedule.  With regular frequency during the day, operators will need to 
respond to changes and issues, interact with other departments and change the scheduled or plan 
as necessary to keep operation as close to optimum as possible. 

-Breakdowns and faults. A variety of issues can arise; failure of equipment, leaks, fouling, flow 
disruptions. Every shift will have some issue to deal with though the severity will vary. Technicians 
can be called on to deal with issues, and the operator must interact and control the process 
appropriately, simpler problems can be resolved through operator intervention within the SCADA 
system, such as restarting or editing a process (tank changes, flow changes).  

-Selection of recipes. As described above, the operator has to select from and customise (to a 
degree) the various SCADA recipes available. The frequency of this action will vary depending on 
the run time of the process. For pasteurisation running for 16hrs, it may only be once per shift. 

-Recording and reporting. Frequencies are set at each site, typically on an hourly basis – key 
readings such as pasteurisation temperatures and pressures must be recorded. 

Not all of these interventions will have an impact on energy efficiency, the recording and reporting 
element will have minimal impact other than that for some sites it may be the only time that 
operators are looking at key metrics such as temperature. Selection of recipes will also have 
minimal impact as this is an area where the operators have less autonomy and it is in scheduling 
that the bigger impacts are made.  

Spotting of breakdowns and faults can have an important impact on energy; the sooner that 
problems are detected – the less time that the plant may be running in an inefficient mode e.g. 
fouled heat exchangers, incorrect temperatures, running when product may not be usable. 

The biggest impact comes from the scheduling choices and the reactive changes to schedule for 
example to avoid standby running (e.g. on hot water circulation mode), minimising CIP operations, 
choosing the most efficient plant.    

On a typical day, the cream pasteurisation units could be processing raw cream, pasteurised cream 
bought in from other sites, recovered butter or recovered spreads. Today cream pasteuriser 2 is 
running, continuing what will be a near to 16-hr-long run from the previous shift. The 
pasteurisation process is in hand, there is very little to see. The control process keeps the 
pasteurisation temperature at such a steady level, flat for hours on end. Even flow disruptions are 
quickly dealt with as the SCADA system corrects the steam input to the hot plate heat exchanger. 
The operators are watching the process, but their focus is on other areas of liquid process. Are the 
separators running steadily? What time should we schedule the line change over? Did you see that 
level drop? The interaction between the controllers is jovial and a clarification or question about 
interaction of their section slips easily between light-hearted discussions.  
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A line change-over is taking place; more people have arrived to watch. The team are trialling a new 
line change over routine, the balance between automatic and manual input has shifted much more 
to the manual but most of the people here are just interested in how it works and how much 
product will be saved. The process steps are counted through and the process caught at the right 
moment, the line changeover process responsibility moves across to the next desk smoothly. One 
of the watchers will shortly be editing the routines so that the product saving will be automatic “it 
will all go to where it needs to go”. It’s a success, 1300 litres saved, and again the groups discussing 
the outcome quickly dissolve away back to day to day business. 

This day has been another quiet one for the cream pasteurisers, but has it been energy efficient? 
Who knows? The operators would not, the key pasteurisation temperatures are recorded as a 
HACCP46 requirement but the temperature traces are not viewed on the trend system but even if 
they were, the system would fight to keep them level and flat against any issues. As much steam as 
necessary would be used, as much chilled water as is needed. No monitors are present on the 
steam and chilled water here, apart from valve % and these are not trended or reviewed by the 
operators, so their activity for the day is unknown. Has the regeneration unit done its job and 
reused as much of the waste heat as possible? Who knows? The regeneration temperature trend 
on cream pasteuriser 2 is not looked at “what is the point of it?” is the view. The operators know 
their stuff, a fouled heat exchanger can be spotted by problems with back pressure or if the feed 
pump % is ramping up. There are a lot of tags to be reviewed, especially on liquid process, and the 
regeneration temperature is not a priority. The trend system helps the operator to get a better 
overview of the plant, instead of looking at a single (possibly fluctuating) tag value, the trends for 
tags are plotted in custom formats so that the critical levels, temperatures, %s, densities etc. for a 
process can be seen over time. A deviation from the norm becomes obvious and the operators can 
anticipate required action long before it becomes an alarm issue. The separator is viewed on the 
trend system to make keep an eye out for failures. But the pasteurisation process runs steadily on, 
showing a calm face on the SCADA screen with none of its hidden detail visible. In the flesh, the 
pasteurisation units are just as enigmatic - a tangle of clean, plain, shiny, silver pipes - descending 
into and rising out of the plate heat exchanger silently without mark or label. 

Energy monitoring data is available on the evaporators. Tag values for kWh electrical consumption 
and kg/hr steam use, displayed on small tag boxes on the main screens. The operators, who know 
these plants inside and out, are almost unaware of them and feel that they represent elements of 
the plant that they are unable to control “We have to use that energy, the energy that the 
evaporator uses I haven’t really got any control over, I can’t slow it down, I can’t reduce the 
temperature of it, it is what it is, so I can concentrate on getting what we got coming out of the 
other end right”. As far as they are concerned, these numbers are intrinsic to the running of the 
equipment, and cannot be influenced. Anyway, it’s not a priority, they have many things they need 

 
 

 
46 Hazard Analysis and Critical Control Points. HACCP procedures require food business operators to have a 
comprehensive plan related to ensuring food safety, in particular “Establish and implement effective monitoring 
procedures at critical control points”. Pasteurisation temperature being a key control point.(Dairy UK, 2010) 
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to look out for and can handle multiple priorities, but this isn’t even on the list. Numerous 
parameters relate to quality of the final product, dependent on where it is in the process. Losses 
have to be avoided, that is a clear message. Product losses are profit losses. Up to recently their 
water supply was limited so scheduling of all operations had to be done with availability of water in 
mind. Reverse osmosis and water recovery technologies slot in with all other critical plant. The 
supply is now improved, but the mind-set has been happily fixed – “the amount of water we use is 
important” – it has a cost and an impact on the process. Energy has a cost, but it isn’t limited, the 
cost isn’t being counted here. “I’ve never really been taught to monitor the energy side of it, I’m not 
sure if anyone else does neither…if we had the correct kit to monitor it, I think it would be quite 
easy” “Someone probably looks at energy”, but that person is unknown down in the control room. 

The pasteurisation process has finished, it is no longer on autopilot, but is being brought down by 
an operator, making selections and checking all is well. He is choosing the correct CIP routine and 
will let that run, checking in occasionally. Other issues are more pressing, there is a lot to look at on 
liquid process and pasteurisation today has presented a calm and steady face. To know what went 
on behind the scenes would require data downloads and additional calculations. The day was a 
quiet success as far as all the major indicators would say. 
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Appendix E: Data Request Document 

11.1 Purpose 

Verco currently have a research engineer working with the University of Bristol, undertaking a 4yr 

EngD. The purpose of the EngD project is to “unlock” the black box process elements typically 

found in a range of food & beverage processing eg pasteurisation, clean in place (CIP) etc. In order 

to: 

• improve the understanding of energy use in these processes for clients 
• spot deterioration in the process   
• look for improvement opportunities  
• understand process interactions on model reliability and accuracy and 
• to be able to do this on an ongoing basis.  

The intention is to develop new techniques for ongoing process plant energy analysis. In order to 

do this, access to site data for pasteurisation is required. An early output of the development 

process will be a pasteurisation process review, which will highlight process issues arising over the 

period of data collected. Examples of the kind of issues that may be highlighted are: 

• significant changes in hot and cold utility and the potential cause 
• extended periods of water recirculation 
• use of cold utility when pasteurisation is not operating  
• impact of process disruptions 

Verco will then continue to use the data in developing further modelling techniques, the outputs 

and timescales of this additional work are less certain.  

11.2 Data Required 

In general the ideal data set would have a sampling frequency of seconds (rather than minutes) 

and would be as complete as possible for the pasteurisation area of the process. 

Prerequisites for site selection 

• Second based data interval 
• Completeness of data, both in number of tags and that monitoring equipment is 

functioning 
• Resource available to assist in data extract 
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Verco would request a full tag list for the site from which we could request specific data, however 

to give an indication, the data required would be: 

• All temperature data associated with a pasteurisation unit 
o Incoming product temperature 

o Temperature pre and post pasteurisation 

o Temperature of product leaving the pasteurisation unit 

o Any intermediate temperature data available, especially associated with the 

regeneration unit 

o Temperature of the hot water circuit (eg into HE1) 

o Temperature of the chilled water circuit (eg into HE2) 

o Any other available data on the steam/hot water and chilled water circuits (eg 

temperature after heat exchangers, temperature of the steam system) 

• All flow data associated with a pasteurisation unit 
o Flow of product into the unit 

o Any data on diverted flow of product 

o Any available data on flow of hot water into HE1 

o Any available data on flow of chilled water into HE2 

o All valve positions (%s) associated with the unit including hot water/steam and 

chilled water systems 

• Also data on valve commands (eg divert valve on, off or moving) 

• All pressure data particularly across the heat exchanger units 

• SCADA commands / step numbers 

• Screen grabs / plant diagrams and tag lists to help understand the plant layout 

• Details of  

o shift patterns 

o product changes 

o maintenance schedules 

o CIP details 

11.3 Process 

The proposed process is shown in Figure 85. Once data is made available and has been checked for 

missing data points etc, a date will be set for a webinar to share and discuss outputs and initial 

observations from the data. 

Verco will also supply outputs in a report or presentation format. Verco will then continue to work 

with the data using more advanced mathematical techniques for which the timescale is less 
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certain but regular updates will be provided. Should the analysis reveal gaps or other problems 

with the data, Verco will request further data. 

 

 

 

  

Request data
(see section 1.2)
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Appendix F: Data logger calibration 

A set of 6 data loggers were used to record additional (currently unmetered) temperatures on 

pasteurisation units at site Z. A data logger was also added to a known measurement point in 

order to understand the difference in temperature recording that would result from having the 

data logger external to the pipework as opposed to within the flow (as permanently installed 

temperature recording devices typically are). 

The data loggers were pen type data loggers (Figure 11-1). They are battery operated, model: 

Omega OM-EL-USB-TC. The data logger is inserted into a PC with associated software to set up. 

Options chosen are the start time and end time, the data logging interval (seconds, minutes etc.), 

the units, the name of the data point and so on. A cable with a temperature sensing pad is 

attached to the pen. The temperature sensing pad is attached to the required point and the 

assembly is left to record (Figure 11-3). Once the time has elapsed, the pen is inserted into the PC 

in order that the software can be used to extract and format the data. 

  

Figure 11-2 Pen type datalogger with either probe (shown) or surface pad 

 

At a later date, in order to understand the accuracy of the data loggers, a calibration experiment 

was undertaken. The equipment was set up as shown in Figure 11-4. A series of calibration runs 
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were undertaken, including runs with all pads and probes attached to the thermocouple block 

(testing the accuracy of the pads), and runs with the thermocouples attached to the block but the 

pads connected to the data loggers.  A final test was to leave all the thermocouples and the 

dataloggers (with pads attached) in a cardboard box overnight in a room with known stable 

temperature.  The pen type data loggers were tested against a high accuracy thermocouple data 

logger produced by Pico technology as shown in Figure 11-2. 

 

Figure 11-3 Pico logger – thermocouple data logger  

 

 

 

 

 



321 
 

 

Figure 11-4 Datalogger in situ. The datalogger body is attached to cooler pipe or framework. The temperature reading is from a 
cable and temperature sensing pad.  

 

Figure 11-5 calibration experiment set up 

 

For each run the following process was followed: 
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1. The pipe was heated by submerging it in a tub of boiling water and covering  

2. Loggers were started 

3. Just boiled water was added to the pipe and the stopper with thermocouple replaced 

4. The equipment was left for a minimum of an hour 

For each run, channel 1 recorded air temperature and channel 2 recorded the internal pipe 

temperature. 

Throughout the runs the cables are swapped between data loggers and thermocouple block 

channels. The configurations for each run (and the path of the cables) is shown in Table 11-1 
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Table 11-1 Configuration of cables, data loggers and thermocouple block channels. The coloured lines show how the different 
cables move between runs 

 

Run 1 was ignored due to setup errors only realised post run.  

Run 2:  

Run 2 started at 16:46 with hot water being added to the pipe at 16:49. 
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Figure 11-6 Time series chart for run 2 

The recorded data is shown in Figure 11-5. For this run, channel 1 recorded air temperature and 

channel 2 recorded the internal pipe temperature.  The other data points shown relate to the 

numbers of the pen type data loggers. 

The first point to notice is that data logger 8 clearly has an issue recording the correct 

temperature. On two occasions the temperature recorded is close to the actual temperature of 

the outside of the cooling pipe, but for the majority of the time, the temperature reading is closer 

to that of the ait temperature of the room (also recorded by the cold junction and channel 1). This 

suggests that the fault may be in the cable and sensor pad rather than data logger.  

At the end of the run, the maximum temperature difference is 2°C. At the far right of Figure 11-5 

channel 2 (the internal water temperature), and data loggers 1 and 7 are reading 32°C. While data 

loggers 3, 4 and 6 are reading 30°C. 

As the recorded data logger temperatures peak (approximately 660 seconds in to the run) the 

following temperatures are recorded: 

• Channel 2 - 56°C 

• Data logger 1 – 56.5°C 

• Data logger 8 – 55.5°C 
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• Data logger 4 - 54°C 

• Data logger 3 - 52°C 

• Data logger 6 – 50.5°C 

Giving a difference between internal pipe temperature and furthest recorded data logger 

measurement of 5.5°C. 

Run 3 

On the third run the thermocouple block started recording at 18:07, the hot water was introduced 

at 18:08. In order to test the quality of the cables and temperature sensing pads, (at 18:05) the 

cables were swapped as per Table 11-1. 

 

 

 

Figure 11-7 time series chart for run 3 
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As can be seen from Figure 11-6, this run it was data logger 7 which did not record the accurate 
outside pipe temperature but instead logged something much similar to the air temperature of 
the room (also logged on the cold junction and channel 1). As is shown in Table 11-1, the cable 
that was previously in data logger 8 had been swapped into data logger 7. Therefore we can 
conclude that all measurements taken with that cable would be faulty.  

At the end of the run the difference again was 2°C. Channel 2 (internal pipe temperature), data 
logger 3 and data logger 8 all read 31.5°C. Data loggers 1 and 6 read 31°C and Data logger 4 read 
29.5.  

As the recorded data logger temperatures peak (approximately 600 seconds into the run), the 
maximum difference is 5.5°C. Channel 2 and data logger 3 record 54.5°C, data logger 8 records 
54°C, data logger 6 is 52.5°C, data logger 1 is 52°C and data logger 4 is 50°C. 

As shown in Table 11-1, data loggers 3 and 8 had the cables that had previously been in data 
loggers 1 and 7 during run 2. During run 2 it was data loggers 1 and 7 that had recorded the most 
accurate temperatures.  

The difference in cables can make a difference of 2 to 5.5°C 4: 

For run 4, all the cables were inserted into the thermocouple block. As previously channel 1 

remained the air temperature logger. Channel 2 remained the internal pipe temperature. The 

cables from the data loggers were inserted into the channels numbers in the thermocouple block 

as shown in Table 11-1. Hot water was introduced to the pipe at 20:19 and recording was started 

just after. 

Figure 11-8 times series chart for run 4 
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At the end of the run the following temperatures were recorded: 

• Channel 1 and the cold junction along with channel 7 (the known faulty cable) recorded 

room temperature of approximately 15°C 

• Channel 2 recorded 30.5°C 

• Channel 8 recorded 29°C 

• Channel 3 recorded 28.5°C 

• Channels 4 and 6 recorded 28°C 

• Channel 5 recorded 27.5°C 

A difference of 3°C across the recorded temperatures (excluding faulty cable in channel 7) was 

observed. 

As the temperatures peak (approximately 160 seconds into the run) the following temperatures 

are recorded: 

• Channel 2 recorded 57.5°C 

• Channel 8 recorded 52.5°C 

• Channel 3 recorded 51.5°C 

• Channel 5 recorded 49.5°C 

• Channel 4 and 6 recorded 49°C 

Run 5: 

For run 5 the thermocouple block started recording at 21:27, hot water was added at 21:28.  
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Figure 11-9 time series chart for run 5 

: 

For the final run the data loggers and probes were left in a cardboard box overnight. The data 

loggers were running from 10pm on 20/11/17 for 9hrs and 1 second. The thermocouples were 

running from 21:41 for 10hrs. The data in Figure 11-9 is shown from 10pm. 
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Figure 11-10 time series chart for run 6 

At the start of the run the following temperatures were recorded: 

• Cold junction and  Channel 2 – 17°C 

• Channel 1 and  Data logger 3 – 17.5°C 

• Data logger 4, 6, 7 and 8 – 18°C 

At the end of the run the following temperatures were recorded: 

• Cold junction and data logger 3 – 19°C 

• Channel 2, and data loggers 5,6, 7 and 8 – 18.5°C 

• Channel  1 - 18°C 
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Appendix G: Interview Booklet 

I, ..................................................................[PRINT NAME], agree to take part in this research study. 

In giving my consent I state that: 

✓ I understand the purpose of the study, what I will be asked to do, and any risks/benefits involved.  

✓ The researcher has answered any questions that I had about the study and I am happy with the 

answers. 

✓ I understand that being in this study is completely voluntary and I do not have to take part.  

✓ I understand that I can withdraw from the study at any time. 

✓ I understand that I may stop the interview at any time if I do not wish to continue, and that unless I 

indicate otherwise any recordings will then be erased and the information provided will not be included 

in the study. I also understand that I may refuse to answer any questions I don’t wish to answer. 

✓ I understand that personal information about me that is collected for this project will be stored securely 

and will only be used for purposes that I have agreed to. I understand that information about me will 

only be told to others with my permission, except as required by law. 

✓ I understand that the results of this study may be published, and that these publications will not contain 

my name or any identifiable information about me. 

I consent to:  

• Audio-recording    YES  NO  

• Photographs     YES  NO  

• Permanent archiving of study materials YES  NO  

Would you like to receive feedback about the overall results of this study? YES  NO  

If you answered YES, please indicate your preferred form of feedback and address: 

 Postal:  _______________________________________________________ 

 Email: _______________________________________________________ 

 

................................................................. Signature  

 

................................................................. PRINT name 

 

.................................................................................. Date  
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(Print outs of charts shown in section 5.5 were provided)  

View 1 (replicated for views 2-5) 

Tell me about what information you can take from this view. (Explain if necessary) 

 

What do you think is happening in the process? 

 

Have you spotted issues like this before? How? 

 

Would you take action? Why? 

 

If so: What action would you take? Why? 

 

What other information might you need? 

 

How would you verify whether there is a problem? 

 

How relevant do you think this information is to your role? 

 

Other comments: 
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Of the three views 6a, 6b or 6c, which is preferred? Why? 

 

 

 

How would you change or improve any of the visualizations? 

 

 

 

 

If this was available e.g. on Active Factory; what do you think the problems would be in 

viewing and or making use of the information? 

 

 

 

What would be the advantages of having the information available for example in Active 

Factory? 

 

 

 

P7 view 6b 

P7 view 6c 
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Any other comments 

 

 

 

 

 

 

 

 
 

 
i Standard assumption of chiller plant Coefficient of Performance (COP) of 3.5 and 8p/kWh electricity cost 
ii Standard assumption of boiler plant efficiency of 80% and 2p/kWh gas cost 


