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Abstract

Ultra-low temperature (ULT) freezers are essential equipment in research laborato-
ries. However, they consume an extreme amount of energy and thus pose a significant
economic and environmental challenge. This research project aims to investigate the
current ULT freezers within the Faculty of Science and Engineering (FSE), assess its
inventory, energy consumption levels, cooling and refrigeration systems and explore
other alternatives to reduce energy consumption. The study uses a combination of
literature review, energy consumption measurements and survey responses from lab
users to achieve its conclusions.

The results revealed that FSE currently owns 60 ULT freezers, of which 41 were
analysed in this study. The inventory analysis provided crucial information on the
distribution and models of the freezers, providing the basis for further analysis.
The energy consumption assessment demonstrated variations in energy usage among
different models and temperature settings, highlighting areas for improvement. Ad-
ditionally, the analysis of cooling and refrigeration systems revealed that most ULT
freezers within the University of Groningen use refrigerants with high global warm-
ing potential (GWP). The survey responses indicated an increased awareness of the
need for energy-efficient freezers, and financial incentives were also identified as a
potential solution to address the high costs.
The study defines the importance of reducing energy consumption in ULT freezers
and suggests measures to reduce such. By implementing these measures, FSE can
significantly reduce energy costs and minimise the environmental impact.
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Abbreviations

ULT: Ultra Low Temperature

UCL: University College London

FSE: Faculty of Science and Engineering

LB: Linnaeusborg Building

LEAF: Laboratory Efficiency Assessment Framework

NB: Nijenborgh Building

RDP: Research Design Proposal

HC: Hydrocarbon

HFC: Hydro-fluorocarbon
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Chapter 1

Introduction

Climate change has received an increasing amount of attention and recognition
worldwide. Notably, the emission of CO2 is seen as the leading cause of this problem
and thus needs to be mitigated. Hence, a transition to ’green energy’ is considered
as one of the solutions. Green energy is any energy generated from natural sources,
such as wind, water or sunlight [8]. Energy plays an essential role in our lives. How-
ever, using electricity is one of the largest sources of greenhouse gas emissions, of
which two-thirds is related to burning fossil fuels for energy to be used in transport,
electricity and heating[9]. Therefore, to avoid the worst impact of climate change,
a change to greener, more sustainable energy sources is needed, such as reducing
overall energy consumption through energy savings and energy efficiency gains [10].

Even though scientific discoveries have significantly improved the human experi-
ence, industrial and academic research has a considerable carbon footprint. As
Houghton et al. [11] state in the article ’Taking a LEAF out of the green book’,
scientific research does not only have to be reproducible and reliable. Therefore, to
combat this problem, many universities worldwide have started to apply changes to
their laboratories to make them greener and thus reduce their carbon footprint and
energy consumption.

The University of Groningen, for example, has started a program called ”FSE (Fac-
ulty of Science and Engineering) is going green”, a laudable initiative to reduce
energy consumption by 30% within the next three years. This program is based on
the English program LEAF (Laboratory Efficiency Assessment Framework), a pro-
gram developed by the University College London (UCL) to help scientists conduct
their lab work more environmentally friendly way [12]. A LEAF pilot in the UK
occurred throughout 235 lab groups (across 23 institutes), which were reported to
have saved around 641K pounds and 648 tCO2e of avoided emissions [13].

As part of this program, the FSE Green Labs Initiative has identified several root
causes of the high energy consumption within its labs. One of these is the Ultra-Low
Temperature Freezers (ULT). ULT freezers are major energy-intensive equipment
that stores samples for various scientific fields at extremely low temperatures, typ-
ically ranging from -40 and -80 degrees Celsius [14]. Researchers at the University
rely on ULT freezers to preserve biological material, such as tissues or DNA samples,
ensuring their long-term viability and integrity. However, even though many have
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addressed energy consumption within laboratories, there is a lack of knowledge re-
grading ULT freezers. As a result, the FSE initiative raises a crucial question about
the high energy consumption costs and large carbon footprint of such freezers.

Therefore, this research study will explore the potential benefits of cost savings,
sustainability and environmental impact regarding ULT freezers. By investigating
the barriers to user acceptance and adoption of high-efficiency ULT freezers and pro-
viding detailed recommendations to reduce energy consumption, this research aims
to contribute to the transition of the Faculty of Science and Engineering (FSE) to-
wards a more sustainable future. It has the capability to improve energy efficiency
in laboratories as well as contribute to global efforts to mitigate climate change
through the adoption of green practices and technologies.

1.1 Problem Statement

The problem statement for this research is formulated as follows:

“FSE consumes a significant amount of energy, and therefore a solution is required
to reduce this. This thesis specifically deals with the case of ULT freezers and what
can be done to reduce their energy consumption within the FSE laboratories.”

1.2 Stakeholders Analysis

First, it is helpful to recognise the whole system. The system researched is the
laboratories within FSE, specifically the ULT freezers that store research samples.
This system focuses on finding solutions to reduce the energy consumption of ULT
freezers. Several external factors could have an impact on the system. These fac-
tors include government policies related to climate change or energy consumption,
technological advancements related to energy-efficient ULT freezers, funding, and
lab user’s attitude towards changes in freezer management.
The stakeholder analysis aims to evaluate all relevant parties involved in the process
and identify the role of the most involved (third) parties. In Figure 1.1, all stake-
holders are presented. The problem owner of this research is the FSE Green Labs
Initiative, as they are the authors of the idea and responsible for implementing the
programme.

https://www.overleaf.com/project/6479d7a2a6f0e5b2e4546e00 FSE Green Labs
Initiative: The primary stakeholder responsible for implementing and succeeding
the ”FSE is going green” program is the FSE Green Labs Initiative. This group is
responsible for setting the program’s goals, developing strategies, and coordinating
with other stakeholders.

FSE Management (Faculty Board): FSE Management is responsible for over-
seeing the overall operations of the FSE and ensuring that the program aligns with
the organisation’s goals and objectives. They are responsible for providing the nec-
essary resources and support to ensure the program’s success.

Chapter 1 Myriam Kammüller Pont 9
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Figure 1.1: Stakeholder analysis model

FSE Staff (Lab users): FSE Staff includes all individuals working within the FSE
whom the program will directly impact. This group includes scientists, researchers,
lab technicians, and other support staff. The program’s success will depend on this
group’s cooperation and participation.

Government and Regulators: Government agencies and regulators may signif-
icantly impact the program’s success, particularly regarding implementing energy
policies and regulations that may affect the FSE’s operations and energy consump-
tion.

1.3 Research Questions & Objective

Main Question: What is the optimal strategy to reduce energy consumption in
ULT freezers while also considering the environmental impact?

To address the challenges outlined and contribute to the ongoing effort of the ’FSE
Green Labs Initiative’, this research seeks to answer the following questions:

1. What is the inventory of the current ULT freezers in FSE?
To assess the potential impact of energy-saving strategies for the University,
there must first be a clear understanding of the number and types of ULT
freezers.

2. What are ULT freezers’ current energy consumption levels in FSE?
By quantifying the current energy usage of the freezers, conclusions can be
made to evaluate if there is a need for new equipment or other potential energy-
saving measures.

3. What cooling and refrigeration system do the current ULT freezers
use?
Investigating the specific cooling and refrigeration system will provide insights
into the operational mechanisms and efficiency levels.

10 Chapter 1 Myriam Kammüller Pont
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4. What are the environmental impacts of the current cooling and re-
frigeration systems?
Assessing the current systems’ environmental consequences can help evaluate
the carbon footprint or potential environmental harm and how to reduce such.

5. What are alternatives in technology and management of ULT freez-
ers that can reduce energy consumption?
Identifying alternative ways to reduce energy consumption with the current
ULT freezers.

This research aims to provide insights into the optimal strategy for reducing
energy consumption in ULT freezers while also considering the environmental impact
associated. Addressing these five research questions will help give a clear overview
for the FSE Green Labs Initiative to achieve significant energy savings and move
towards a more sustainable laboratory environment.

1.4 Methodology

A thorough methodology provides a clear outline for the FSE Green Labs initiative
and thus achieves the research objectives outlined above. Such consisted of several
key components.

Firstly, a comprehensive literature review is conducted to gather insights into the
mechanical workings of a ULT freezer, such as the type of cooling system or re-
frigerants used and how these could affect the freezer’s energy efficiency or carbon
footprint. The review also included analysing several managerial changes to the
current ULT freezers that could be adapted to reduce costs and carbon emissions.

Data is collected to obtain information on ULT freezers’ energy usage patterns
and characteristics within the FSE laboratories. This involved collecting energy
consumption data from several ULT freezers and information on the model, volume
and set temperature of the freezers to analyse their correlation. To understand the
willingness to cooperate in lowering energy costs and the adoption of highly-efficient
energy freezers, interviews were conducted with laboratory personnel. These inter-
views aimed to explore the perspective and experiences related to the maintenance
of ULT freezers and the attitude towards adopting energy-efficient models.

Consequently, the combination of both qualitative and quantitative methods allows
for a thorough understanding of ULT freezer’s energy consumption and the fac-
tors influencing efficiency. Hence, providing a recommendation grounded on both
empirical and theoretical research.

Chapter 1 Myriam Kammüller Pont 11



Chapter 2

Literature Review

2.1 ULT Freezers

A mechanical refrigeration system is designed to move heat from one location to
another. Such a refrigeration system is composed of the following components: a
compressor, cabinet to store the biodegradable product, condenser, refrigerant and
evaporator [7]. ULT freezers store drugs, enzymes, chemicals, viruses, bacteria, cell
preparations and other samples of critical biological research [15]. Figure 2.1 below
depicts a standard upright ULT freezer used in many laboratories. These freezers
operate at a temperature between -60C to -86C and have a service life of 12 to 15
years, depending on the manufacturer [16]. Studies show that a ULT freezer con-
sumes the same energy as a family home (around 20kWh per day) [17]

Figure 2.1: Standard upright -80 degree ULT freezer [1]

One of the biggest challenges is finding a solution for the ULT freezers. Several
factors can affect the efficiency of the freezers, such as the operating temperature,
shelf racking, door openings, and other elements [6].

Nonetheless, as stated in the report for the U.S. Department of Energy by Re-
becca Legett, there are several barriers to adopting high-efficiency ULTs [18]. First,
Legett mentions the relative lack of information on ULT efficiency. Information such
as the actual lifetime cost and ownership of a ULT freezer. Thus, looking beyond
the initial purchase price of the freezer and thinking strategically about other costs
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it might encompass [2]. Figure 4.2 exhibits, through a pie chart, the typical per cent
of lifetime costs of a ULT freezer.

Figure 2.2: Pie chart conveying the results of the percentage of lifetime costs of a
conventional ULT freezer[2],

2.1.1 Cooling Systems

To understand a ULT freezer’s environmental impact and energy consumption, one
must examine the composition and type of cooling system used. All sixty freezers
owned by the University of Groningen utilise a cascade system. Specifically, a two-
stage system uses two refrigeration systems working in tandem to achieve extremely
cold temperatures of -80C [19]. The cascade system is the most standard refriger-
ation system that consists of the following components: a compressor, a condenser,
an evaporator and a drop device. Figure 2.3 below depicts the components of a
two-stage cascade cooling system.
As stated by Thermo Scientific [19] in their technical note about ULT freezers, the
compressor is used to change the pressure of the working fluid. Next, the condenser
converts a high-pressure gas into a high-pressure liquid. On the other hand, the pres-
sure drop device helps reduce the liquid’s pressure and temperature. Finally, the
evaporator absorbs heat from the cabinet, changing the fluid from a low-temperature
and low-pressure liquid to a low-temperature low-pressure gas.

Furthermore, Figure 2.3 shows that the freezer uses two stages to produce freez-
ing temperatures. The first stage is known as the ”high” stage system, which gets
the working refrigerant to -45c. Consequently, the second stage, known as the ”low”
stage, gets the working refrigerant to -90c.

However, although the cascade system is the most utilised and shared, it is not
the most efficient or environmentally friendly. With time, technology has steadily

Chapter 2 Myriam Kammüller Pont 13
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Figure 2.3: Schematic showing the components of a two-stage cascade cooling system
[3]

improved, and thus, a new cooling system has become more popular and taken over
the ultra-cold storage market [20]. Such is the Stirling cooling system, notably
more efficient and simpler than the traditional cascade freezers. Figure 2.4 below
shows the cooling system of a Stirling machine.

The Stirling engine is a closed-cycle engine and thus does not require a phase change
of the working medium, which is helium gas. The basic functioning of the engine is
based on the cycle, which expands and compresses the gas to provide a cold heat
acceptor and a warm heat rejecter. Thermal transport is obtained through the ther-
mosiphon, which contains the refrigerant. In the case of the Stirling, the refrigerant
used is ethane. Unlike the cascade system, it uses no oil [3].

Figure 2.4: Schematic showing the components of a Stirling system [3]

Several factors can be used to compare both cooling systems. Two important ones
for this research are the coefficient of performance (COP) and the Total Equivalent
Warming Impact (TEWI). The COP, as defined by the research [3] is the ratio of
the heat removed from the system to the input energy. In the case of the cascade
system, the ratio is around 0.25 at a temperature of -80c. Nonetheless, the system
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Figure 2.5: Embodied, use and HVAC CO2 for a 10-year life ULT [3]

adjusts to its capacity by switching on and off, causing its performance to drop to 0.2.

On the other hand, the Stirling system has a COP of 0.39 at the same base tem-
perature, and as it runs continuously, there is no loss of efficiency. This dramatic
difference in COP causes the average energy consumption of the cascade system to
be more than twice that of the Sterling for a 780-litre cabinet [3]. Figure 2.5 below
depicts the use and Heating Ventilation and Air Conditioning (HVAC) energy over
a 10-year life period of cascade and Stirling systems. Notice that the cascade system
uses HFC refrigerants, while the cascade (Cyclopentane) HC refrigerants.

As mentioned previously, another critical factor to consider when evaluating the
different cooling systems is the TEWI. Such considers the refrigerant released dur-
ing the lifetime of the equipment, plus the unrecovered losses on the final disposal
and the impact of the co2 emissions used to generate the energy during its lifetime
[3]. The same study provides an overview of the CO2 emissions which each cool-
ing system emits. This is valuable to the current research, as the energy efficiency
and environmental impact are analysed. Both can have a significant influence on
the buying decision of the University. Figure 2.6 shows the TEWI of the differ-
ent cooling systems and a typical household refrigerator over a lifespan of 10 years.
One again notice, that the cascade system uses HFC refrigerants, while the cascade
(Cyclopentane) HC refrigerants.

Chapter 2 Myriam Kammüller Pont 15
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Figure 2.6: Total Equivalent Warming Impact (TEWI) over a 10-year Life [3]

2.1.2 Refrigerants

Another of the main topics of the research is the environmental impact of ULT
freezers. As mentioned, all University freezers have a two-stage cascade system and
thus use two different refrigerants. Their manufacturer categorises some of these
freezers as ‘energy-efficient’; however, this does not mean they are environmentally
friendly. More than half of the freezers use refrigerants that contain hydrofluoro-
carbons (HFC) with very high Global Warming Potential (GWP). Such HFCs have
been shown to harm the environment due to their chemical structure. Therefore
a transition has started towards hydrocarbons (HC), known as green gases [21].
Cleaner HF refrigerants such as propane and ethane are now being used (R290 and
R170). Such promotes lower pressures and temperatures in refrigeration systems
and improves overall performance [19].

In 1995 the European Union adopted legislation banning the use of HCFC. Five
years later, they banned using CFCs, as these refrigerants have ozone-depleting
properties [22]. Therefore, more environmentally friendly alternatives started being
used after these were phased out, such as HFCs and HFOs. While these do not harm
the ozone layer, they have significantly higher GWP than other refrigerants. Thus,
in April 2014, the European Union established an F gas regulation which banned
all nonhydrocarbon liquids for new cooling systems (EU 517/2014) by 2020 [23].
Nonetheless, cooling devices that run at temperatures below -50C, such as ULT
freezers, are an exception to this law. Therefore, technically ULT freezers can still
make use of HFCs. However, to counteract global warming, buyers (such as the Uni-
versity) should consider this and thus invest in new ecologically-friendly coolants.

According to [24], research of environmentally friendly refrigerants for the com-
mercial level is at an early stage of development, as right now, there is more focus
on energy efficiency. The research mentions that the transition from high GWP
refrigerants will depend on the application and the possibility of using refrigerants
with some degree of flammability. If flammability is not a concern, the recommen-
dation is to use HF refrigerants R170 and R1150, which have a low environmental
impact. Figure 2.7 below depicts the three different refrigerant types depending on
their chemical composition and characteristics to counteract global warming.

16 Chapter 2 Myriam Kammüller Pont
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Figure 2.7: Table of the refrigerants generally used in freezers [4]

Furthermore, from the inventory research, it has been concluded that many of the
ULT freezers from the University contain HFCs—particularly R508b and R404a,
which have a very high GWP. R404a, for example, has a GWP of 3,922, mean-
ing that 100g of this substance has the same GWP as 392kg of CO2 equivalent
[5]. Figure 2.8 below shows the GWP values of several commonly used cooling liq-
uids. Therefore, even though, legally, it is still possible to use HFC refrigerants for
ULT freezers, it is not a long-term solution, and thus the University should start a
transition towards greener refrigerants.

Figure 2.8: Glowbal Warming Potential (GWP) of different cooling liquids [5]

2.2 Freezer Management

The main objective of this research is to provide advice and recommendations to the
FSE working group to reduce the energy consumption of ULT freezers within the
University. Even though some of the most impacting changes refer to the manufac-
turing and functioning of the freezer itself, such as the cooling system mentioned pre-
viously and other energy-efficient characteristics, many other small changes can sub-
stantially reduce energy consumption and environmental impact. Simple changes,
ranging from temperature adjustments to cleaning and organisational practices, can

Chapter 2 Myriam Kammüller Pont 17
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significantly impact the functionality and longevity of ULT freezers. By exploring
these minor modifications, researchers can enhance sample storage conditions, im-
prove energy efficiency and streamline workflows.

The functional changes can be implemented to optimise the operation and manage-
ment of ULT freezers, ultimately ensuring the integrity and longevity of samples.
Several research facilities worldwide have started to make such changes to reduce
energy consumption and environmental impact.
Nonetheless, it is essential to mention that the exact energy use of a ULT freezer
depends on several issues, such as the freezer models, the time the freezer is in use,
freezer capacity, ambient temperature, dust, ice and how each freezer content is or-
ganised [25].

The three main changes that the University can focus on, are the following:

• Temperature adjustments from -80C to -70C

• Cleaning schedules

• Optimal storage organisation

2.2.1 Temperature adjustments

When setting the temperature for ULT freezers, there is often a discussion about
whether to set it at -70c or -80c. The Radboud [25] study “-70 is the new -80”
from 2020 states that before the 1990s, freezers were sold to function at a temper-
ature of -65c or -70c. Only years after, freezer companies started advertising the
lower temperatures. No concrete evidence was provided if the lower temperatures
improved sample stability. Therefore, in recent years, many labs have set back their
ULT freezers to the original temperature in order to meet sustainability objectives
and save money. The same study names several other benefits for reducing the tem-
perature, such as the longer compressor lifespan, which is because of the less strain
on the compressor and thus potentially leading to longer equipment life.

Furthermore, several laboratories worldwide have increased the temperature of their
freezers due to the lack of evidence that -80/85C storage is better than -70C and
has indicated no loss of sample integrity [25].
An example of the impact that the temperature change can have on energy consump-
tion can be seen in the figure below. Figure 2.9 shows the output data gathered
by the University of Edinburgh in 2015[6]. Four different set temperatures were
examined (-85C, -75C, -70C, -60C) and how such impacted the energy consumption
for one year. As figure 2.9 shows, increasing the temperature to at least -70C can
decrease energy consumption by 20%.

Another study that analysed ULT freezers’ performance, energy consumption and
carbon footprint from Leo Angelo M. Guampas in 2013 [26] also raised the ques-
tion regarding the internal temperature of the freezers. Using electricity metres,
they measured and evaluated the energy consumption of sixty-four ULT freezers.
Aside from several other conclusions, such as the effect of age, capacity or spacing,
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Figure 2.9: Graph of ULT energy consumption percentage variation from -80C [6]

the following figure depicts the effect of set point temperature on energy consump-
tion. Figure 2.10 shows the amount of energy consumed depending on the set point
temperature of the freezer. It was concluded that increasing the ULT freezer’s set
point lowers the ULT freezer’s duty cycle, which in turn lowers the ULT freezer’s
energy consumption. On the other hand, lowering the duty cycle can also extend
the freezer’s life [7].

Figure 2.10: Energy consumption versus set point temperature of ULT freezer [7]

Thus, as can be seen from the graph, the linear regression line establishes a corre-
lation between the set point temperature and monthly energy consumption. Based
on the data, raising the freezer’s temperature by 5C would reduce the daily energy
consumption by 3 kWh and avoid 1.54 kg of CO2e of emissions. Hence, lowering
the set point temperature by at least 5C lowers energy consumption by 14%. The
same study [7] mentions several other researchers who came to the same estimates
regarding reducing energy consumption when increasing the set point temperature
of the freezers.
Consequently, the management of ULT freezers at the University must address these
factors and evaluate when a freezer can be set at a higher temperature when there
is no specific reason to be below -70C. Raising the temperature can reduce energy
consumption by 2-4Kwh a day and, thus, reduce the energy cost for the University
[27].
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2.2.2 Cleaning schedule

Maintaining a cleaning schedule for ULT freezers is vital for ensuring equipment neg-
ativity and preserving sample integrity. Regular cleaning helps prevent ice build-up,
frost, dust and other containment affecting negatively the freezer’s performance.
Dust accumulation on the condenser coils is particularly problematic as it insulates
them and causes the compressor to work harder, increasing energy consumption by
up to 25%.To mitigate this, cleaning the condenser filter every two to three months
and the coil at least once a year is recommended to maintain efficiency and extend
the freezer’s lifespan [27].

Thoroughly defrosting the freezer chamber at least twice a year is also recommended.
Such involves transferring all contents to another ULT freezer, switching the unit
off, and cleaning it with a non-chloride detergent once defrosted [28]. An annual
clean-out of unwanted samples from researchers no longer affiliated with the research
group can help free up space [29].

Consequently, research conducted by Leo Angelo M. Guampas supports the im-
portance of these cleaning practices and their impact on energy consumption. It
was concluded that dust accumulation on the filter could increase energy consump-
tion by 14%. However, when dust accumulates on the condenser coils as well, it can
rise by 25%. Additionally, a positive correlation exists between the amount of frost
and increased energy consumption, as frost reduced heat transfer efficiency [7].

2.2.3 Optimal storage organisation

Another way to avoid ULT freezers’ high energy cost and consumption is by hav-
ing an optimal storage organisation. For example, having a map or picture of the
freezer’s interior on the door will minimise the time it takes to find a sample and
unnecessary door opening [29]. Minimising the amount of time the freezer door is
open reduces temperature fluctuations and saves energy.
The Harvard University Sustainability Guide recommends using sample inventorying
guidelines. Inventorying methods can range from a simple freezer map or database
programs like Labrepco, Crytotrach or Freezerworks. This helps keep track of the
freezer’s contents and the time period of each sample. Thus, making it easier to
throw away unused samples [29].

Furthermore, a study conducted by the University of Edinburgh about the effect
of door opening times on the internal temperature of the freezer concluded that
cooler operating temperatures lead to greater temperature variations during door
opening, as well as opening a freezer door for longer will expose samples to more sig-
nificant increases in temperature. However, the positioning within the ULT freezer
also influences the samples. Those on the top shelf experience a more remarkable
rise in temperature compared to the bottom shelf when opening the door [6]. An-
other way to reduce the temperature changes is to fill the fridge’s space with empty
boxes to act as a buffer against these changes [30]. Figure 2.11 below depicts how
the average temperature varies depending on when the door opened in seconds.
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Figure 2.11: Table on the average temperature variation depending on the shelf[6]
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Data Collection

3.1 Inventory Review (Audit)

At the start of the year, the Green Labs working group started documenting the
number and condition of the ULT freezers on campus, specifically the ones in FSE.
Such consisted of an inventory Excel which stated the following:

• The location of the freezer (room and department)

• The contact person in charge of the freezers

• The model and brand

• Purchase year (if known)

The inventory audit listed an amount of 60 freezers within FSE. Nevertheless, the
ones used for this study were only a portion (41 freezers), most located in the biology
department in Linneausborg or the chemistry department in Nijenborgh.
Furthermore, the information gathered, such as the model and brand of the ULT
freezer, can indicate how energy efficient the freezer is or if it’s environmentally
friendly. It can be seen by analysing each freezer’s manufacturing or vendor brochures.
Such depicts which cooling system or refrigerants are used.

Additionally, several conclusions can be made after all the ULT freezers have been
analysed. Such as if they are energy efficient and use environmentally friendly re-
frigerants. The energy measurements of each model can later refute it and if these
correlate. The analysis will help provide a clear overview of the urgency the Univer-
sity must replace freezers. To keep track of the situation, each row of information
of a particular freezer is highlighted with a different colour, depending on their
characteristics.

1. Green: If the freezer is energy efficient and it’s refrigerants or cooling system
are environmentally friendly. Thus, no need to be replaced at the moment.
(Ex: the cooling system is Stirling or cascade with green refrigerants).

2. Orange: unsure if the freezer is energy efficient because of the lack of infor-
mation, and it uses refrigerants that are not environmentally friendly.
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3. Red: if the freezer is not energy efficient and contains refrigerants with very
high GWP (Ex: CFC & HCFC, or HFC: R134a, R404A and R410A). The
urgency to replace.

3.2 Energy Measurements

ULT freezers’ energy measurements are essential to asses accurately the current en-
ergy consumption levels and associated costs. These measurements provide valuable
insights into necessary changes to achieve energy reduction within FSE.

Figure 3.1: Energy meter used for measurements

Several ULT freezers were measured with members of the FSE working group. This
report only analyses the energy measurements of 41 ULT freezers. Basic energy
meters, such as the one depicted in Figure 3.1, were used for the measurements.
The energy meters were connected between the freezer plug and the electric socket
to measure wattage and voltage simultaneously. The recorded data was in watts per
hour. The meters were left for at least seven days, including working days (Monday
to Friday) and days off (weekend). This was done to capture variations in energy
consumption over weekdays and weekends, ensuring a representative sample of en-
ergy usage patterns. The figure 3.2 below shows a table with the data gathered to
assess within-day variations. The measurement difference’s overall averages (high-
lighted in yellow) are minor, but they are not considered.

Figure 3.2: Table from Excel that shows the deviation between the measurements
of different days

The measurement process involved the following steps: First, the energy meter was
plugged with the freezer. Then, the energy meter was reset, and the ‘start time’
(date and specific time) was logged into Excel. One week later, the energy meter
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information was recorded in Excel, including the ‘stop time’ (date and specific time).
Additionally, the amount of energy usage recorded was divided by the exact hours
the freezer had been monitored for, typically 168h (7 days), to calculate the average
daily energy use. This data will help determine the ULT freezer with the highest
energy consumption, enabling appropriate actions.

3.3 Survey - Interviews

In addition to collecting quantitative data about the ULT freezers, several lab techni-
cians were also interviewed. The topics that were covered were mainly the following:

• Responsibility for purchasing ULTs in the laboratory, and what were the fac-
tors that affected their decision.

• Willingness to purchase energy-efficient freezers even if they are more expen-
sive

• Willingness to participate in short-term changes such as temperature lowering,
cleaning schedule and proper freezer organisation.

• Details of the ULTs, precisely, if they think they are too old or have had any
issues with them.

The complete questionnaire sent to the laboratory personnel can be found in the
Appendix.
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Chapter 4

Results

The results section provides a comprehensive analysis of the data collected. It
presents the key findings that address the research questions in this study, supported
by figures and data. It gives an overview of ULT freezers within FSE, including their
inventory, energy consumption measurements, cooling and refrigeration systems, and
the survey responses from lab users. Such results contribute to a better understand-
ing of the current situation of ULT freezers in the faculty and provide insight into
possible energy-saving strategies.

4.1 Inventory

Understanding what the University currently owns is essential to assess the potential
impact of energy-saving strategies. For this specific research, only 41 ULT freezers
were analysed from the 60 found within FSE. The inventory table (Figure A.1)
depicts an inventory of the ULT freezers, including the model and department within
FSE. The table is found in the Appendix.
Knowing the model and brand of the ULT freezer can give an insight into the
mechanics of the freezer itself and thus provide information about its cooling system
and refrigerants.

4.1.1 Refrigeration and cooling system

The refrigeration and cooling systems of the ULT freezers are also assessed. As
mentioned previously, such is crucial to understand the operational mechanisms
and efficiency levels. This section includes which freezers are marked as ‘energy
efficient’, the specific refrigerant used, and if it uses a cascade or Stirling system.

Those explicitly labelled ’energy-efficient or high efficiency’ freezers are designed
to consume less energy than the standard models without compromising storage
capabilities. Moreover, the refrigerant characteristics determine the environmental
impact and efficiency. The most commonly used refrigerants include HFCs with
high GWP. However, newer models are transitioning to ”greener” options, such as
HFOs or natural refrigerants like HCs.
Furthermore, the cooling systems used in ULT freezers can be cascade or Stirling.
Nonetheless, as shown in Figure 4.1, all of the freezers owned by the University have
a cascade system.
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Figure 4.1: Excel table that provides information about the current refrigerants and
cooling systems of ULT freezers at FSE

As depicted, most ULT freezers still use HFC as refrigerants. This is probably due to
the freezers being of old age and therefore have not transitioned to ”cleaner/greener”
refrigerants. Thus, even though they might not consume as much energy as those
not marketed as ’energy efficient’, they still are not environmentally friendly.
Furthermore, some ULT freezers have been highlighted orange since they did not
specify which HFC was used. HFCs have high GWP; however, some are more than
others. For example, R-404A, R-508A, and R-508B have extremely high GWP [31].
Those highlighted fully in green are the ones that are both energy and environmen-
tally friendly.

Note that a bigger version of the figure can be found in the Appendix.

4.2 Energy consumption levels

To evaluate which freezers are the causes of the high energy consumption and what
remedies can be applied, there is a need to quantify the current energy consumption
levels of the ULT freezers in the FSE laboratories. As mentioned previously, the
data was gathered by measuring the energy consumption of each freezer with an
energy meter for seven days. This section presents the average energy consumption
per day of each ULT freezer measured through several graphs. The data portrayed
has been taken from 41 ULT freezers. The lab users set the freezer’s temperature
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to -70,-75 or -80 degrees Celsius, depending on its contents.

Figure 4.2 is a pie chart representing the total percentage of energy consumed by
each ULT freezer. On the other hand, the second figure is a column chart showing
each model’s energy consumption. The three different colours are used to differen-
tiate the freezer’s temperature. Blue determines the ULT freezer was set at -70C,
pink at -75C, and green at -80C. Nonetheless, -75C will not be evaluated as a lack
of validation data is available.

Figure 4.2: Pie chart with the percentages of daily energy use of each ULT freezer

Figure 4.3 shows that most ULT freezers (70%) have been set to -70C. This is
due to the FSE working group’s persistence in reducing energy consumption, and
thus asking lab users to increase the freezer’s temperature if there are no exceptional
reasons to maintain the extremely low temperatures.
Furthermore, to evaluate the data gathered, a comparison is made with results ob-
tained in other studies.

4.2.1 Temperature -80C

The following graph (Figure 4.4) depicts the ULT freezers’ energy consumption at a
temperature of -80C. 9 of 41 ULT freezers (21%) were set to -80C. The daily energy
consumption tested ranged from 8.3 kWh to 21 kWh. The significant variation in
energy consumption is because this research did not consider the room temperature
at which the freezer was found, if the freezer was completely full, or how many times
the doors were open. All of the aforementioned can increase energy consumption.
The average energy consumption of all is 13.4 kWh. Nonetheless, between the first
seven freezers is 11.27 kWh daily. The eighth and ninth columns are nearly twice
the average and thus are incredibly energy-consuming.

4.2.2 Temperature -70C

The following graph (Figure 4.5) depicts the ULT freezers’ energy consumption at
a temperature of -70C. The daily energy consumption tested ranged from 6 kWh to
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Figure 4.3: Column chart representing all 41 ULT freezer and their daily energy
consumption

Figure 4.4: Column chart representing all ULT freezer that are set at a temperature
of -80C and their daily energy consumption

26.8 kWh. Between the first and last column, there is a difference of nearly five times
the first. As mentioned previously, this can be due to exterior factors that were not
considered when taking the measurements of each ULT freezer. As researched by
the University of California Riverside, freezers with an energy consumption between
6.12 and 7.92 kWh are energy efficient. Considering the external factors mentioned,
there are still models that are incredibly energy-consuming, some consuming as
much or more than a ULT freezer at -80C.

4.2.3 Overall result of both temperatures

Figures 4.6 and 4.7 include the daily energy consumption of each ULT freezer for
both -80C and -70C, as well as the industry energy consumption of the freezer. The

28 Chapter 4 Myriam Kammüller Pont



FSE Green Labs Initiative

Figure 4.5: Column chart representing all ULT freezer that are set at a temperature
of -70C and their daily energy consumption

comparison between both can tell if the ULT freezers are working adequately and if
there is room for improvement. Those consuming more than the industry indicates
that there is something wrong with the conditions of the ULT freezer.

Figure 4.6: Column chart representing all ULT freezer that are set at a temperature
of -70C, their daily energy consumption as well as their industry consumption
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Figure 4.7: Column chart representing all ULT freezer that are set at a temperature
of -80C, their daily energy consumption as well as their industry consumption

Consequently, it can also be analysed that the energy consumption also depends
on the model and brand of each ULT freezer. For example, the ’Sanyo’ ULT freezer
is one of the most energy-consuming freezers in both temperatures. On the other
hand, the ’Eppendorf’ is one of the least energy-consuming.

4.3 Survey responses

Finally, a survey was conducted to gather insight into the functioning of ULT freez-
ers within the FSE laboratories. The section presents the findings obtained through
the questionnaire, designed to assess ULT freezers’ current state and usage patterns.

The questionnaire consisted of 13 questions; the complete survey can be found in the
Appendix. The questions were related to the ULT freezer used by each lab user and
covered various aspects such as freezer, age, sharing possibilities, and key factors
influencing purchase decisions.

Even though the survey had a limited number of responses (9 respondents), it still
provided valuable insights into the perspectives and preferences of lab users regard-
ing ULT freezers within the FSE laboratories. Lab users were not only asked to
complete the survey questionnaire. However, they were also personally engaged in
discussions while measuring ULT freezers.

An important finding was that most lab users did indeed find energy efficiency im-
portant when purchasing a new ULT freezer. This demonstrates a growing awareness
of adopting energy-saving measures and reducing environmental impact. However,
this was not the first key factor. Lab users prioritised freezer capacity above all else.

Additionally, cost was another significant factor. Respondents revealed they would
be willing to allocate more budget for energy-efficient ULT freezers. Nonetheless,
most expressed an interest in receiving financial incentives (approximately 30%)
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from the University to support the purchase of the new energy-efficient ULT freez-
ers.

The responses indicated a mixed perspective regarding the idea of sharing ULT
freezers. While some were open to sharing, most lab users disagreed. Consequently,
the survey shed some light on the practices related to ice removal and cleaning.
While several mentioned performing ice removal every three months to a year, there
was no clear, standardised schedule for these maintenance activities.
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Discussion

The discussion section provides a comprehensive analysis of the data collected. It
presents key findings that address the research questions outlined in this study. It
aims to interpret and explain the results concerning the current understanding of
ULT freezers and their energy consumption.

5.1 Inventory Analysis

The inventory analysis provides a clear picture of what the FSE currently owns.
Even though only 41 out of the 60 ULT freezers were analysed, it managed to por-
tray critical information about the whereabouts of the freezers throughout FSE and
the model employed by each laboratory.
The inventory information is crucial to answer all the research questions. It estab-
lishes the base for the analysis. Knowing the model and brand of the ULT freezer
helps one understand the mechanics of the freezer, such as the cooling system and
refrigerants used. Such can later be used to compare correlation with energy con-
sumption measurements.

5.2 Refrigeration and Cooling System

As mentioned previously, the assessment of the mechanisms of each model and brand
can give an insight into the cooling system and refrigeration used. Such can contain
critical details about the ULT freezer, for example, if its energy-efficiency or envi-
ronmentally friendly. The results show that most ULT freezers the University owns
use high GWP refrigerants such as HFCs. On the other hand, five freezers used
“green” refrigerants, such as HCs. Meaning that there is a positive trend towards
the adoption of “greener” options.
Furthermore, all ULT freezers use a cascade cooling system. Although, this is not
necessarily characterised as unfavourable. It is important that the University also
looks into Stirling cooling systems as they are both energy efficient and environmen-
tally friendly.

The findings answer several research questions, providing information about the
cooling systems and how environmentally friendly each refrigerant is. The results
highlighted the need for transitioning to greener options, such as natural refriger-
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ants or low-GWP alternatives, to minimise environmental impacts. This data can
be used as an indicator for the University (or lab users) when purchasing a new ULT
freezer.

5.3 Energy consumption levels

Quantifying the energy consumption levels of the ULT freezers provided insights into
their efficiency and identified potential areas for improvement. The results showed
that there are indeed variations between models and brands. In both the ULT
freezers set at -80C and -70C, there was a wide range of energy consumption, with
some consuming significantly more than others. The findings also gave insight into
the energy consumption depending on the two temperatures and how some freezers
would consume much more when set to -80C.

Nonetheless, the results prove that many external factors must be considered, as
there is a lot of variability. Factors beyond the interior temperature of the freezer,
such as room temperature, maintenance and other characteristics of the freezer, also
contribute to energy consumption. The University should use this data to evalu-
ate which ULT freezers must be discarded or replaced because of their extremely
high energy consumption and which should implement energy-saving measures to
optimise energy consumption.

5.4 Survey Responses

The survey was conducted to shed light on the perspectives and preferences of lab
technicians regarding ULT freezers. The results showed an increasing awareness
of energy efficiency when purchasing new freezers. However, freezer capacity was
still prioritised over energy efficiency in their decision-making process. Another vi-
tal topic for respondents was the price of ULT freezers. Most were willing to set
aside more money to buy an energy-efficient and environmentally friendly freezer.
Nonetheless, since these are usually significantly more expensive, a portion expressed
interest in receiving financial incentives from the University to support the purchase.

Although the survey received a lower output than expected, it still brought valuable
insights into the opinion of lab users towards their ULT freezers. The University
can use this to evaluate the possibility of financial incentives to reduce the cost of
energy consumption overall.
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Chapter 6

Conclusion, Recommendation, &
Limitations

This research project investigated ULT freezers within the FSE laboratories to pro-
vide insight into their inventory, energy consumption, cooling and refrigeration, and
environmental impacts. This insight makes it possible to analyse the best measures
to reduce the high energy consumption costs within FSE.
Therefore, the findings of this research contribute to a better understanding of the
current situation at FSE and establish a foundation for developing changes to opti-
mise energy consumption and reduce environmental impact.

Firstly, the inventory analysis revealed that there are currently 60 ULT freezers
within FSE. Forty-one of them were included in this study. The information is vital
for assessing potential strategies to reduce energy consumption.

The energy consumption assessment highlighted which freezers were the most en-
ergy consuming or efficient. Such provides a clear image of the ULT freezers’ current
energy usage patterns, making it possible to identify the areas of improvement.

Moreover, the analysis of cooling and refrigeration systems revealed which ULT
freezers are energy efficient or environmentally harmful by looking into the opera-
tional mechanisms. Most freezers from the University use high-GWP refrigerants
such as HFC. However, there is a positive trend towards adopting ”greener” re-
frigerants. Additionally, identifying cascade cooling systems as the predominant
mechanism highlights an opportunity to explore more energy-efficient and sustain-
able options, such as Stirling cooling systems.

The survey responses from the lab users shed light on their perspectives and pref-
erences regarding ULT freezers. While capacity is still the most significant priority
when purchasing a new freezer, there is an increasing awareness of energy-efficient
ULT freezers. Respondents were willing to allocate more money towards an environ-
mentally friendly and energy-efficient freezer. Nonetheless, many mentioned costs as
a problem and would appreciate a financial incentive from the University to support
the purchase.

In conclusion, this research emphasises the need for change towards using ULT
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freezers in research laboratories to reduce the overall energy consumption of FSE.
While the results showed the eagerness to transition to ”greener” alternatives, there
are still several steps the University can take. Implementing energy-saving mea-
sures and the possibility of financial incentives can further stimulate the adoption
of energy-efficient ULT freezers.

6.1 Recommendations

Based on the results of this research project, the following recommendations are
proposed:

• Implement energy-saving measures: Apply energy-saving techniques to
those ULT freezers that contribute to high energy consumption. These can be
mechanical changes such as temperature adjustment or improving insulation.
However, it can also include upgrading certain freezers to new, more energy-
efficient models.

• Raise awareness: Increase lab users’ awareness of the importance of energy
efficiency and sustainable practices. Provide a clear outlook on which cooling
systems and refrigerants to look for.

• Financial Incentives: Explore the possibility of supporting financial lab
groups to purchase new ULT freezers. This incentives lab users to invest
more in efficient equipment and promotes adopting sustainable practices while
reducing energy costs at the University.

• Regular maintenance and monitoring: To improve energy efficiency and
ensure optimal performance. Establish a policy for the University for lab-
oratories to have standardised schedules for ice removal and cleaning ULT
freezers.

• Monitoring and evaluation: establish that after a given amount of years,
each laboratory group should assess their freezer’s functioning and review its
contents.

• Investing in energy-efficient and environmentally friendly freezers:
Explore the possibility of substituting the most energy-consuming freezers for
new energy-efficient ones that also take into account the environmental impact
(such as the Stirling ULT freezer).

6.2 Limitations

It is essential also to acknowledge the limitations of this study. First, the inventory
analysis was only done on two-thirds of the FSE ULT freezers (41). This was due
to the lack of time to measure all freezers in a short period.

Furthermore, not all energy consumption measurements were conducted over the
same period of time. Depending on the availability of the lab users, some energy
meters were left for more than seven days. Those measurements of only seven days
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could not capture as many variations as the ones kept in longer. The analysis did
not consider other external factors, such as the freezer contents, door opening, and
room temperature. All of which could also impact energy consumption levels. Fi-
nally, the survey responses were limited to a few lab users. Therefore, it can be that
other lab users have different opinions on specific topics.
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Figure A.1: Results- Inventory overview of ULT freezers
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Figure A.2: Results - Overview of refrigerant and cooling system of ULT freezers
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Figure A.3: Data Analysis- Survey Questions 1 to 4
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Figure A.4: Data Analysis- Survey Questions 5 to 10
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Figure A.5: Data Analysis-Survey Questions 11 to 12

Figure A.6: Results- Survey

Figure A.7: Results- Survey

Figure A.8: Results- Survey

Figure A.9: Results- Survey
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Figure A.10: Results- Survey

Figure A.11: Results- Survey

Figure A.12: Results- Survey

Figure A.13: Results- Survey

Figure A.14: Results- Survey

Figure A.15: Results- Survey
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Figure A.16: Results- Survey

Figure A.17: Results- Survey

Figure A.18: Results- Survey
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