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How to build an 
efficient cold store 

Reducing e lectr ical 
energy  consumption in 
cold  s tores  is  a  complex 
matter  but  wi l l  become 
necessar y  to  achieve  EU 
energy  ef f ic iency  goals. 

― By Charlotte McLaughlin

T he European Union’s 
‘Clean Energy for All 
Europeans’ strategy – a 
legislative framework 

agreed in 2018 – put in place strong 
targets to mitigate the effects of 
climate change. 

The new climate plan includes a 
binding target of improving energy 
efficiency in the EU by 32.5% by 
2030, which contains an upward 
revision clause in 2023. “This deal 
is a major push for Europe's energy 
independence,” EU Climate Action 
and Energy Commissioner Miguel 
Arias Cañete said when the political 
agreement was struck in June 2018. 

“Much of what we spend on imported 
fossil fuels will now be invested at 
home in more efficient buildings, 
industries and transport. The new 
target of 32.5% will boost our industrial 
competitiveness, create jobs, reduce 
energy bills, help tackle energy poverty 
and improve air quality,” Cañete said. 

Member states have until 19 December 
2019 to transpose the energy efficiency 
target into national legislation. 
Reducing energy consumption in 
buildings and industry will play a key 
role in meeting the target. 

“Cooling and air conditioning systems 
account for around 15-20% of world 
energy consumption,” according 
to data present in an EU project on 

https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans
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cost-effective strategies to improve 
energy efficiency in cooling systems in the 
food and drink sector, called COOL-SAVE. 

The project, completed in 2015, reports 
that, “industrial cooling installations  
[…] due to their significant energetic 
impact [need] effective and realistic 
saving strategies”.

Another EU project, completed in 2012, 
called ‘Improving Cold Storage Equipment 
in Europe (ICE-E)’, reports that, “within cold 
storage facilities, 60-70% of the electrical 
energy used is for refrigeration”. Reducing 
demand for cooling could go a long way 
to meeting the energy efficiency targets. 

The cold chain is believed to be 
responsible for approximately 2.5% of 
global greenhouse gas (GHG) emissions 
through direct and indirect (energy 
consumption) effects, maintains the 
ICE-E project, which was funded by 
two now defunct parts of the European 
Commission: Intelligent Energy – Europe 
(IEE) and the Executive Agency for 
Competitiveness and Innovation. 

How easy is it to address 
efficiency?
In considering how to reduce energy 
consumption in cold stores, it is worth 
looking at how energy is measured. 
Unfortunately there has been very little 
research into this area, according to 
Claudio Zilio, an HVAC&R researcher at 
the University of Padova in Italy, who also 
took part in the ICE-E project. 

“There is a limited amount of research 
available about cold stores’ energy 
consumption,” Zilio explains. “Based on 
the previous figures and considering that 
as a rough estimate, the total cold store 
volume installed in the world is about 300 
million m3, the reader may speculate about 
the yearly worldwide energy consumption 
for cold store operation.”

Dr. Andy Pearson, group managing 
director of Star Refrigeration, offers 
his perspective. “Calculating efficiency 
should always be done as a measurement 
of kWh/m3/year [known as SEC or Specific 
Energy Consumption] in order to account 
for the effect of seasonality and the 

economies of scale in larger facilities,” 
Pearson told Accelerate Europe. “The 
end user should also have a means of 
correlating his cold store performance 
with the level of business activity – 
either production output or cold store 
throughput.”

The average estimated SEC is between 30 
and 50 kWh/m3/year, according to a 2002 
study carried out by the France-based 
International Institute of Refrigeration 
(IIR), but the ICE-E project concluded that 
this isn’t often the case for the majority 
of cold stores. 

“Previous surveys carried out on a small 
number of cold stores have shown that 
energy consumption can dramatically 
exceed [the IIR] figure, often by at least 
double,” the ICE-E project found. “These 
surveys also demonstrated that energy 
savings of 30-40% were achievable by 
optimising usage of the stores, repairing 
current equipment and by retrofitting of 
energy-efficient equipment.” 

Figure 1 from the 
ICE-E report shows the 
common grouped issues 
identified as losing energy 
during the audits.

https://ec.europa.eu/energy/intelligent/projects/en/projects/cool-save
https://ec.europa.eu/energy/intelligent/projects/en/projects/ice-e
https://ec.europa.eu/energy/intelligent/projects/en/projects/ice-e
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SEC measurements can also be 
plagued by variables that are not 
shown in the data, explains Simon 
Andrew, director of Greencold, a 
UK-based contractor specialising in 
CO2 refrigeration. 

“If the product entering the store is 
not at the pre-agreed temperature 
of acceptance, then the plant would 
work harder and for longer to remove 
the excess heat from the product in 
order to obtain the required set point 
for the room storage temperature,” 
Andrew says. He explains that this is 
often due to the need for cold stores to 
cool down products quickly. 

“We would not tend to use a calculation 
of kW x m3 to compare systems, as 
we believe there are just too many 
variables that can influence the 
results,” says Greencold’s Andrew. 

“Practically the first big question our 
clients ask us is, 'how much will the 
plant cost?',” Andrew says. “Often 
the cheapest plant will be the most 
expensive to run, so it is our task to 

encourage them to make wiser choices 
on the energy-efficiency front.” 

How to reduce a cold store’s 
energy consumption 
Regardless of such calculation issues, 
SEC remains an important way to 
benchmark a cold store’s performance. 
“All cold stores are different, so the key 
to improvement is to enable operators 
to compare against benchmarks,” says 
Star’s Pearson. 

He adds: “The end user should also 
have a means of correlating his cold 
store performance with the level of 
business activity – either production 
output or cold store throughput. A 
good surrogate measure for this is 
the number of door openings in the 
cold store.”

He explains that this, “assumes that 
every time a door opens, a fork truck 
goes through – so it relates the level 
of activity to door use”.

While measuring 360 cold 
stores throughout Europe, 
the ICE-E project found, 
“that 47% of chilled stores, 
35% of frozen stores and 
50% of mixed stores had an 
SEC of less than 50 kWh/m3/
year [the average predicted]. 
This demonstrates that 
there is considerable 
potential to reduce energy 
consumption in cold stores”.

The ICE-E project partners 
subsequently carried out 
energy audits on 28 cold 
stores across the EU (nine 
in the UK, nine in Italy, five 
in Denmark, four in Bulgaria, 
and one in Belgium). 

Figure 2 shows 
average energy-  
saving potential 
of each of the 
energy loss issues 
identified.
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The audits were carried out by estimating heat 
load (including electrical load), investigating 
the electrical consumption, analysing the 
refrigeration system, and identifying and 
quantifying potential savings. 

The researchers initially expected to discover 
high energy consumption to be caused by similar 
issues from cold store to cold store; instead they 
found that all 28 had very different issues. 

“Apart from maintenance-type issues, which are 
all quite different but that you could at least class 
under maintenance, we didn't find anything much 
that was common. All the stores had different 
issues,” Professor Judith Evans, a researcher 
on air conditioning and refrigeration at London 
South Bank University and who was part of the 
ICE-E project, told Accelerate Europe. 

“In total 130 options were identified, which could 
be grouped in 20 different issue-groups,” the 
ICE-E report says. “No one issue dominated in 
terms of the energy that could be saved.” (See 
the figures on these pages. Source: ICE-E report).

To solve these issues it is generally necessary to 
turn to a refrigeration engineer, but Evans also 
noted nearly “40% had issues that could be solved 
relatively simply by someone that is not highly 
technical” – for example, by checking the cold 
storage facility for issues with a check board.  

The refrigerant question 
This benchmarking, conducted under the  
original ICE-E project, could also be a clear way  
to reveal how different natural refrigerant 
systems perform.  

At ATMOsphere Europe 2018, held by Accelerate 
Europe publisher shecco in Italy last November, 
Enrico Zambotto, refrigeration director at Arneg, 
presented data that did just that. 

He compared an ammonia/CO2 system in an 
18,400 m2 cold store in Tarquinia, Italy, to an 
updated worldwide benchmark study (which took 
some of the original ICE-E research) conducted 
by J. Evans et al. in 2015 on ‘Specific consumption 
index per unit of volume’ in 439 cold stores.

Compared to this baseline, the Tarquinia system’s 
energy consumption was “62% below the world 
average, 58% below the European average, and 
46% below the Italian average, thanks to energy 
efficiency solutions adopted,” he said.

Not even benchmarking is always 
accurate, warns Evans of London South 
Bank University. “All you can do is try, by 
having a large enough data set. Even if 
you’re worse than that average, it doesn't 
necessarily mean you're bad [in terms of 
energy use]. It means there might be a 
good reason for it,” she says. “It might 
mean there's something you can do 
about it.” 

The best way of finding out is by cold 
stores doing regular audits on energy 
and by measuring changes in a system. 
“When you make a change, people should 
see a big drop with actual vs. predicted 
energy. So you know you can see quite 
clearly if you've made a significant 
change,” she says. 

Star’s Pearson maintains that ammonia 
is a better performer than HFCs. “You 
can generalise about these systems – 
for example, a direct ammonia system 
will usually be more efficient than a direct 
R404A system or a glycol system, but the 
variables in operation store-to-store will 
be greater than the differences caused by 
refrigerant, so it’s wrong to say ammonia 
is always the most efficient.”

The ICE-E project did create models to 
help installers to design systems, but 
“often upfront cost is really important 
to people [as] they don't always invest in 
the most energy-efficient technologies,” 
says London South Bank’s Evans. 

Cost is a big factor in why “big cold stores 
built by refrigeration contractors usually 
[opt for] ammonia,” Evans argues. “Then 
you have the smaller cold stores that 
aren't bespoke in any way and are more 
flatpack-type stores. You buy them and 
you put an extra panel in the wall to make 
it bigger. They’re very traditional and 
created for a [flat] price,” she explains.

Maintaining efficiency 
Greencold’s Andrew does try to get the 
cost factor across to end users. “Yes, we 
would look at several types of system 
and compare the purchase price against 
‘on paper’ lifetime operational energy 
consumption cost based on the same 
running hours, along with anticipated 
annual service costs of the plant, and 
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present our findings to the client. [The end 
user] can make an informed decision based 
on initial capital cost vs. running costs for 
the plant’s full lifecycle.” 

Sometimes, the efficiency of a cold store 
declines over time. “Over the years people 
[change] things [and make] a very inefficient 
[cold store] without realising [it] over time,” 
Evans says. She recommends continually 
monitoring performance. 

In reassessing system performance, some 
changes are simply too expensive or too 
difficult for cold storage operators to make. 

One cold store had lots of lighting, Evans 
says, so moving to LEDs would be more 
efficient. However, it was very difficult to 
get on the roof and “they used the store all 
the time,” Evans says, so change would have 
cost too much. 

Another non-technical barrier is lack of 
information. “We found out relatively 
quickly that people either didn't have that 
information or the person, often the energy 
manager, looks at how efficient the cold 
store is and very often doesn't have the 
refrigeration information – because the 
refrigeration manager or engineer has got 
that. So you end up with this sort of block, 
as no single person has all the information,” 
Evans says. 

This lack of information explains why 
Evans could not take into consideration the 
refrigerant in these cold stores, as energy 
managers and cold store operators simply 
lacked this data.  

Figure 3 demonstrates level of expertise required to 
solve energy-related issues identified in the audits.

Zilio from the University of Padova points 
out that the ICE-E report found, “that a 
significant percentage of the ‘small’ 
stores in Europe still operate with R22”. 
Zilio said: "I can’t find a reliable and 
consistent number of published case 
studies to address the crucial choice 
for cold store operators and owners: to 
replace R22 with a transition mixture or 
to install a new plant. In both cases, which 
is the best refrigerant to adopt?”

“It is time to broaden the competencies and 
studies that have so far been developed 
for air-conditioning and supermarket 
refrigeration applications to display new 
efficiency enhancement opportunities 
and to increase the sustainability of the 
‘old’ and still reliable technology adopted 
in refrigerated warehouses,” Zilio argues. 

Star’s Pearson suggests it is ultimately 
down to end users themselves to monitor 
the performance of their cold storage 
facilities. “A few of our customers look 
at their refrigeration system energy 
consumption and benchmark it, but they 
are very unusual,” he says. 

Pearson also stresses the importance not 
just of measuring the information, but also 
acting upon it, if cold store performance 
is to be improved. “Otherwise, on that 
basis it is impossible to tell whether 
the refrigeration plant is good, bad or 
indifferent," he concludes.  CM




