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a shOrt messaGe
shecco has been working at the cutting edge of natural 
refrigerant technology for over a decade. We are asked 
every day for trends, examples and data. This is growing as 
the market potential for natural refrigerants rises around 
the world.

We share information and best practice through our 
industry platforms: R744.com, hydrocarbons21.com and 
ammonia21.com. We bring experts together to discuss 
the future of natural refrigerants through our series of 
interactive workshops known as ATMOsphere. 

Today we go one step further by publishing the first in a 
series of free GUIDES to help HVAC&R stakeholders to better 
understand the potential of natural refrigerants. We’ve 
worked with leading companies in the field and engaged 
with hundreds of experts across Europe.

Happy reading

Marc chasserot 
publisher and  managing 
director of shecco
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abouT This Guide
a shOrt Overview
“the function of leadership is to produce more leaders, 
not more followers .” this has never been more true than 
at this very moment when bold steps need to be taken 
by the international business community to advance 
more sustainable production and consumption patterns . 
with pressure by rulemakers, business partners and con-
sumers to push environmental issues up the agenda un-
likely to subside anytime soon, companies are tasked to 
re-think established solutions and implement environ-
mentally benign, yet economically sensible technologies 
to seize their individual “eco-advantage” . 

the use of refrigerants free of ozone-depleting and glob-
al warming characteristics in heating, refrigeration & air-
conditioning will continue taking a central role in the 
debate about  the “low-hanging fruits” of greenhouse 
gas emissions reductions at all levels – from interna-
tional climate talks down to national strategic plans . it is 
no longer unthinkable to say cfcs, hcfcs and hfcs are 
not going to stand the test of time . air, ammonia, carbon 
dioxide, water and the groups of hydrocarbons, on the 
other hand, stand ready as current and future solutions 
in residential refrigerators, commercial heat pumps, in-
dustrial waste energy recovery or global food logistics . 

but while the environmental and technological benefits 
of these “natural refrigerants” are now being acknowl-
edged by more and more business leaders, only few 
studies have heard the industry’s voice on their econom-
ic prospects . this guide sets out to shed light on pre-
cisely this question: where do natural refrigerants make 
most sense today and tomorrow, and what is impeding 
their success in the world and specifically in the europe-
an union? it has listened to little less than 1,300 voices 
from the hvac&r (heating, ventilation, air-conditioning 
& refrigeration), industry responding to a global survey 
conducted between march to september 2011 .

Chapter 1- a user’s guide to natural refrigerants - briefly 
summarises the characteristics of ammonia, carbon di-
oxide and hydrocarbons, while trying to depict their use 
in four “ecosystems”: transport, city & buildings, industry 
& special applications, and the food chain . the chapter 
concludes with an outlook on the adoption potential of 
natural working fluids in different world regions .

Chapter 2 - will look at the european market situation to-
day, by both analysing the technology potential, as well 
as the impact of european union rules and standards 
on developing a prosperous market for natural working 
fluids . for the first time, an attempt is made to quantify 
one of the unfolding success stories in europe: the use of 
co2 transcritical supermarket refrigeration systems . the 
chapter closes with case studies - evident examples of 
installations where natural refrigerants make sense both 
from a business and environmental perspective . 

Chapter 3 - then takes a glance at success factors for am-
monia, carbon dioxide and hydrocarbons in tomorrow’s 
europe . this chapter encompasses some of the guide: 
2012’s core messages by drawing attention to existing 
barriers to the market uptake of natural refrigerants, 
their major strengths, and by presenting the european 
industry’s expectations per industry sector as regards 
natural working fluids for the years 2012-2020 . the 
guide: 2012 concludes with a directory listing of euro-
pean-based companies and international organisations 
already active in natural refrigerants today, base largely 
on responses to an hvac&r industry survey .

this guide puts forward evidence that there is a market 
for more sustainable refrigerant solutions, and that it is 
growing . but before industry, policy and consumers can 
inspire others to become leaders in adopting hfc-free 
refrigerants they need to know first where we stand to-
day . i hope that this guide can help this process .

NiNa BurheNNe
head of market research
editor & lead author
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user’s Guide To naTural refriGeranTs

user’s Guide to Natural refriGeraNts
the “natural five” air, ammonia, carbon dioxide, 
hydrocarbons and water have distinct characteristics 
that make them viable options for a wide application 
range today and tomorrow . see a short overview of 
the most commonly used natural working fluids and 
their chemical, physical, technical and environmental 
properties, as well as existing challenges, on   .  .  .

Natural refriGeraNts today: aN 
ecosysteM approach
carbon dioxide, ammonia and the group of hydrocarbons 
are valued as energy-efficient refrigerants and/or 
prospective options in four main sectors: transport, 
cities & buildings, the food chain, and industry & special 
applications . see a visual presentation of selected air-
conditioning, heating and refrigeration end-uses in 
these four “ecosystems”, and an indication of natural 
refrigerants’ future potential, starting from   .  .  .

Natural refriGeraNts toMorrow: a 
GloBal View
what is the overall adoption potential for ammonia, 
carbon dioxide and hydrocarbons in different world 
regions? a global industry survey has received around 
1,300 views from manufacturers, suppliers, installers and 
end-users on the future of natural working fluids for the 
years to come . see why europe will remain the leader in 
using hfc-free refrigerants – the answer on  .  .  .

paGe 10 paGe 13 paGe 28
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abouT naTural refriGeranTs
an Overview
as a general separation, “natural refrigerants” are sub-
stances that exist naturally in the environment, whilst 
”non-natural refrigerants” or “synthetic refrigerants” are 
man-made chemicals, not naturally occuring in the en-
vironment . the term “natural” refrigerants is sometimes 
disputed as one of not entirely precise nature - given that 
ammonia, carbon dioxide and hydrocarbons also pass an 
industrial purification and manufacturing process to be 
used as refrigerants . however, today a well-established 
distinction between substances whose chemical proper-
ties and safety aspects have been studied by mankind in 
their entirety, and those fluorinated gases - given their 
chemical complexity and comparatively short period of 
usage - whose confirmed and/or still unknown negative 
contribution to ozone depletion, global warming and 
ecological safety are subject to continued debate . 

the most commonly used natural refrigerants today are 
ammonia (nh3, r717), carbon dioxide (co2, r744), and 
hydrocarbons (hcs), such as propane (r290), iso-butane 
(r600a), and propylene also know as propene (r1270) . 
mixtures of ammonia and dimethyl ether (r723) have 
been developed, as well as various hydrocarbon blends 
with optimised performance and safety properties 
(isobutane/propane; r441 etc .) . water and air are also 
used to a minor extent, such as in adsorption chillers and 
deep-freezing applications . given their non-toxicity and 
non-flammability, in addition to their unbeatable envi-
ronmental credential in combination with widest avail-
ability, these latter two have shifted again to the focus of 
r&d activities today . natural refrigerants no longer in use 
are sulphur dioxide (so2) and methyl chloride (ch3cl) .

carBoN dioxide (odp=0; Gwp= 1)
carbon dioxide (chemical symbol co2, refrigerant desig-
nation r744) is colourless, odourless and is also heavier 
than air . with a global warming potential = 1, co2 is the 
reference value for comparing a refrigerant’s direct im-
pact on global warming . carbon dioxide carries an a1 
safety classification (the same as most fluorocarbon re-
frigerants), indicating that it has low toxicity and is non-
flammable . co2 as a refrigerant is sourced from a number 
of production methods as a by-product . whilst it is non-
toxic if enough carbon dioxide builds up in an enclosed 
space it will begin to displace oxygen and can cause as-
phyxiation in anyone present over a certain period with-
in the space . with a long atmospheric lifetime, co2 does 
not lead to any by-product formation or decay products 
with serious environmental impact . 

when used as a refrigerant, carbon dioxide typically op-
erates at a higher pressure than fluorocarbons and other 
refrigerants . while this presents some design challenges 
it can usually be overcome in systems designed specifi-
cally to use carbon dioxide .

carbon dioxide is compatible with some, but not all, 
commonly used refrigeration system lubricants . in par-
ticular, it is not suited for use with polyol ester (poe) and 
poly vinyl ether (pve) lubricants, and it only has limited 
applications with poly alkylene glycol (pag) lubricants . 

it is generally regarded as a cheap and easily available 
refrigerant .
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aMMoNia (odp=0; Gwp= 0)
ammonia (chemical symbol nh3, refrigerant designa-
tion r717) is a colourless gas at atmospheric pressure . 
with zero ozone-depletion and global warming poten-
tial, as well as a short atmospheric lifetime, it does not 
form any by-product or decomposition products with 
negative environmental impact . sourced from a variety 
of sources, it is compatible with some, but not all, com-
monly used refrigeration system lubricants . in particular, 
it is not suited for use with polyol ester (poe) and poly 
vinyl ether (pve) lubricants, and it has only limited appli-
cations with poly alkylene glycol (pag) lubricants .

despite its undisputed energy efficiency benefits, the 
use of ammonia is restricted in certain applications and 
geographic regions, due to its higher toxicity and lower 
flammability characteristics . as a result, r717 is effective-
ly prohibited from use inside occupied spaces, but can 
be used in unoccupied areas or outside .  however, many 
advances have been made in recent years to minimise 
risks for human health, particularly for ammonia instal-
lations in populated areas . they include using ammonia 

in conjunction with other refrigerants in order to reduce 
and isolate the ammonia charge, such as in secondary 
systems; using advanced safety equipment; deploying 
containment casings; ammonia absorption systems .

it is important to note that ammonia has a strong odour 
making leaks easy to detect .

the additional safety equipment required will obviously 
increase costs, however, manufacturers claim that opera-
tional energy and maintenance savings will potentially 
outweigh the increased initial outlay in the long run .

hydrocarBoNs (odp=0; Gwp<3)
with no ozone-depleting characteristics and ultra-low 
global warming impact, the group of hydrocarbons do 
not form any by-products or decomposition products 
in the atmosphere . hc refrigerants can be used either 
in systems designed specifically for their use, or as a 
replacement in a system designed for a fluorocarbon 
refrigerant, making them a cost-competitive solution 
including in developing countries . if a hydrocarbon re-
frigerant is to be used in a system designed for a differ-

ent refrigerant, it should be noted that some modifica-
tions will probably be required to ensure compatibility, 
including lubricant compatibility, and address the issues 
associated with hydrocarbons’ flammability . however, 
the greatest potential for hydrocarbon refrigerants lies 
in new systems .

hydrocarbon refrigerants are flammable, and as a result 
carry an a3 safety classification, which means they have 
a low toxicity, but are in the higher range of flammability . 
hcs are often subject to stricter safety requirements as 
regards the quantities allowed in occupied spaces .

hydrocarbon refrigerants are fully compatible with near-
ly all lubricants commonly used in refrigeration and air 
conditioning systems . one major exception to this rule 
is lubricants containing silicone and silicate (additives 
which are commonly used as anti-foaming agents) .

naTural refriGeranT CharaCTerisTiCs
refriGeraNt refriGeraNt 

NuMBer 
cheMical 
forMula

Gwp 
(100 years) odp

NorMal 
BoiliNG 

poiNt (˚c)

critical 
teMperature 

(˚c)

critical 
pressure (Bar)

safety 
Group Molecular weiGht (G/Mol)

ammonia r717 nh3 0 0 -33 .3 132,4 114 .2 b2 17/03/11

carbon dioxide r744 co2 1 0 -56 .6 31,1 73 .8 a1 44 .0

propane r290 c3h8 3 .3 0 -42 .1 96 .7 42 .5 a3 44 .10

isobutane r600a c4h10 4 0 -11 .8 134 .7 36 .48 a3 58 .12

propylene r1270 c3h6 1 .8 0 -48 91 46 .1 a3 42 .08

water r718 h2o 0 0 100 373 .9 217 .7 a1 18 .0

air r729 - 0 0 - 194 .5 - - - 28 .97
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13naTural refriGeranTs Today
an ecOsystem apprOach
natural refrigerants can be used in a variety of applica-
tions, covering the entire range of air-conditioning, re-
frigeration and heating systems . while excellent tech-
nical publications and information platforms (see gtZ 
2008, teap 2010, unep 2011, unep hcfc help centre) 
have detailed the potential of natural refrigerants by 
system type, the approach selected here focuses on a 
non-exhaustive visual approach to presenting end-use 
applications of natural working fluids . the intention is to 
group representative types of buildings, facilities, instal-

lations and vehicles in 4 different “ecosystems” providing 
an easy-to-access overview to industry, policy and end-
users that can demonstrate the current adoption po-
tential ranging from existing market offerings (“in use”), 
to first demonstration projects (“trial”), and ongoing 
research & development activities (“research”) . these 
charts will be expanded and updated in following pub-
lications, whenever new natural refrigerants-based solu-
tions will have become available . 
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TransporT appliCaTions
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TransporT appliCaTions
cars & electric Vehicles
HC: over 20 million car mobile air-conditioning (mac) 
units worldwide have safely used hydrocarbon refriger-
ants, many converted from the high global warming re-
frigerant hfc-134a . an australian vehicle manufacturer 
is the world’s first to use hydrocarbons in its range of on/
off road vehicles . today, it is estimated that the share of 
hydrocarbons (hcs) exceeds 10% in the australian mo-
tor vehicle air-conditioning service sector . in 2011, an 
australian supplier of hydrocarbon refrigerants reported 
12% average sales growth . hydrocarbons can work as a 
primary mac system refrigerant, or in secondary loop 
systems to ensure a safer use . given their cost-effec-
tiveness, hc systems constitute a promising market in 
developing countries, once training on installation and 
maintenance is prioritised . moreover, with the adoption 
of flammable synthetic refrigerants in passenger cars, 
currently developed safety systems could accelerate the 
use of hcs . it should be noted that hydrocarbons are par-
ticularly suited to hot climates and in applications with 
limited space such as mobile air conditioning systems .

CO2: the development of co2 mac as an energy-efficient 
way to combine air-conditioning with heating capabili-
ties is especially advanced in europe, Japan and the usa . 
whilst all components for the co2 system have been fully 
developed, the commercialisation in passenger cars has 
been delayed due to resistance by the automotive indus-
try . prototypes have been tested extensively, including 
in a german federal environment agency (uba) car . of 
special interest for the future adoption of co2 mac with 
combined heat pumping function could be the intro-
duction of electric vehicles, where less waste heat from 
the motor can be used for heating the passenger com-
partment . new impetus for the use of carbon dioxide 
refrigerant might be expected within the next 5 years .

Buses, trucks & traiNs
CO2 / HC: so far, co2 mac has been commercialised 
in around 30 buses – among them two hybrid electric 
buses and one with reversible operation for combined 
heating - that have covered more than 3 .3 million km in 
germany and luxembourg . co2 systems for trains, which 
operate like a modern air-air heat pump, are also cur-
rently being tested in germany, this time by the national 
train operator deutsche bahn . highest future potential 
for air conditioning in larger vehicles is expected for co2 
and hydrocarbons . the time scale for a broader commer-
cialisation of co2 mac in buses and trains is expected to 
be 3 years, largely depending on the (unlikely) enforce-
ment of low-gwp requirements for the public transport 
sector, as well as overall signals sent by the automotive 
industry and commitment by individual public transport 
providers . the us environmental protection agency sees 
co2 as the only viable long-term alternative for buses 
and trains . leading system suppliers have announced 
product ranges with natural refrigerants for vans, trucks 
vand trailer equipment in the near future . co2 and hcs 
are also used in transport refrigeration (see page 22) .

fishiNG Vessels & coNtaiNer ships
CO2 / NH3: although there is currently no legislative pres-
sure exerted on the shipping industry, the use of low-
gwp refrigerants is expected to grow . both ammonia 
and carbon dioxide, either alone or in combination and 
indirect systems for low-temperature applications, have 
been used in marine refrigeration equipment to refriger-
ate or freeze catch at sea . together, their global market 
share is still estimated at below 5% . most recently, co2 
transcritical systems for container shipping were put to 
extensive life-testing with a world-leading cargo com-
pany to prove efficiency and reliability at all ambient 
temperatures around the world . the emissions savings 
potential could be substantial, given that 65% of all re-
frigerated transport is done via container shipping .
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CiTy & buildinGs
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CiTy & buildinGs
puBlic BuildiNGs: airports, hospitals, uNi-
Versities, GoVerNMeNt aNd historic Build-
iNGs, hotels, aNd shoppiNG Malls
NH3:  large ammonia chillers are now safely used in heat-
ing and cooling applications in populated areas, provid-
ing high efficiencies and reducing energy consumption . 
for example terminal 5 at london’s heathrow airport 
uses a central ammonia chilling plant to provide comfort 
heating and cooling for passengers and workers .  the 
energy center for the london olympics (2012) features 
ammonia chillers as part of the low carbon heating and 
cooling system that will cater for the needs across the 
site . moreover, the aquatics center makes use of a sep-
arate nh3 chillers . on the other side of the world, new 
Zealand’s christchurch airport employs ammonia chill-
ers to cool a freight hub, allowing temporary storage of 
shipments . ammonia chillers are also used in london 
homerton hospital in hackney, the world-famous uk 
children’s hospital great ormond st, and the university 
hospital in akerhus, norway, where chillers cater for the 
cooling needs of its operating theatre, maternity and in-
tensive care units . middlesex university uses an ammo-
nia slurry ice thermal storage system to provide cooling 
for the whole university . to ensure safety, such systems 
include a minimal refrigerant volume through plate heat 
exchangers, separate sealed compartments, leak detec-
tion systems, ammonia scrubbers and electrical switch-
ing outside the compartments . with regards to tropical 
countries, in mauritius two government buildings had 
their cfc-12 and cfc-11 chillers replaced with open 
screw ammonia chillers, helping to save 1560 tons co2/
year .

HC: also now used to provide comfort heating and cool-
ing in public buildings are hydrocarbon chillers, which 
tend to have lower capital costs than ammonia chillers, 
as they do no need to use “industrial grade” steel compo-

nents . they have proven safe to install in populated ar-
eas, in hospitals and even historical buildings . prominent 
installations in the uk include a 600 kw air-cooled wa-
ter chiller using r290 (propane) installed in the historic 
church house westminster abbey in london, uk, whilst 
the uk department of transport have installed 3 hydro-
carbon rooftop chillers on great minster house, central 
london . arhus university hospital skejby, denmark has 
installed r600a (isobutane) heat pumps and r290 (pro-
pane) chillers for comfort heating and cooling and hot 
water . one estimation amounts to a global market po-
tential for hc chillers of $4 billion . a plan for industrial 
scale production of hc chillers has been put into action 
by one large supplier, which will be followed shortly by 
r290 heat pumps . this should further reduce the costs 
of these technologies, and increase their uptake . in addi-
tion to their use in chillers hydrocarbons can be used in 
ground source heat pumps (gshp), as is the case in bun-
tingsdale infant shool in the uk, where heat is extracted 
from the ground and upgraded to a useful temperature 
by an r290 (propane) heat pump unit .

CO2: hot water heat pumps using co2 are used primarily 
in Japan in public buildings, where for example a com-
mercial size eco cute is installed in asa hospital in hi-
roshima, providing 60% of the hot water demand . such 
systems are, however, now starting to appear in other 
countries . in ireland and the uk the cúil dídin nursing 
care facility and beechdale manor care home both use 
co2 heat pumps to provide all their hot water needs .

the name of the eco cute comes from the Japanese 
phrase shizen reibai hīto ponpu kyūtō-ki, which literally 
means “natural refrigerant heat pump water heater” . eco 
is a contraction of either ecology or economical and cute 
is a near homonym to kyūtō ; literally “supply hot water .”

coMMercial BuildiNGs: air-coNditioNiNG 
& heatiNG
NH3 / HC: in the last decade ammonia and hydrocarbon 
chillers have started to gain acceptance for the provision 
of comfort air conditioning (a/c) and heating for uni-
versities, hospitals, hotels, office buildings, convention 
centers, and airports . in asia, several hydrocarbon chiller 
conversions have been undertaken in the philippines, in 
gaisano country mall, legenda hotel and the mandarin 
restaurant . the Jusco melaka shopping centre in malay-
sia has also converted its cooling system to hydrocar-
bons, installing 50 25-50 kw water-cooled packages and 
100 split systems . in indonesia, the grand melia hotel, 
Jakarta, retrofitted six chillers with r290 (propane) to 
provide air conditioning . unfortunately, due to a lack of 
trained technicians this retrofit was recently re-retrofit-
ted back to r22 . in addition hydrocarbon ground source 
heat and exhaust air heat pumps have been developed 
in europe, where they have been installed to provide 
heating to schools and residential buildings . these can 
also be installed in commercial buildings .

CO2: in south-west Japan a business hotel in tottori uses 
a commercial eco cute heat pump water heater, whilst 
o’donovan’s hotel in ireland has also invested in a co2 
heat pump water heater after seeking an efficient and 
renewable alternative to their hybrid solar-oil fired boiler 
system . 

data ceNtre cooliNG
CO2 / HC: data centres that house computer systems and 
components such as telecommunications and storage 
systems need to have rigorous temperature and humid-
ity control to maintain the server components within 
the manufacturer’s specified range . recently co2, which 
poses no danger to electrical equipment and is more ef-
ficient than air or water, has been used as the refrigerant 
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for data centre air conditioning systems in london . both 
the abn amro data centre and imperial college universi-
ty e-science computer suite are cooled using co2 plants 
to absorb the intense heat loads produced by the com-
puter blade servers .

in addition, the office building of energimidt in den-
mark has supplemented the traditional glycol based free 
cooling system with a pumped co2 system for the server 
cooling . the installation encompasses a cascade co2 sys-
tem with propane compressors . the benefits of phase 
transition and an increased heat transfer coefficient are 
utilized and the temperature limit is raised, lowering the 
annual energy consumption . to further reduce operat-
ing costs the heat is recovered from the server room 
and the canteen refrigeration system by the use of heat 
pumps . calculations show a significant reduction in the 
energy consumption .

priVate resideNtial housiNG: refriGera-
tors, hot water & air-coNditioNiNG
HC: across the world there are over 600 million hydrocar-
bon domestic refrigerators – around 36% of the global 
market for new domestic refrigerators and freezers to-
day, and estimated to rise to up to 75% by 2020 (teap 
2010) . the refrigerant r600a (isobutane) is widely used 
in fridges and freezers in europe, Japan, china, which are 
also available in south america, canada and mexico, and 
are expected to enter the u .s . now that legislative ap-
proval has been granted . portable air conditioning based 
on propane has been on the european market since 
1985 . australian companies have also been producing a 
variety of hc-based split-air conditioners for both home 
and office use . 2011 saw the launch of the first chinese 
produced hydrocarbon (r290) room air conditioner 
mainly for export – an important milestone given that 
90% of the world’s small air conditioners are manufac-
tured here . all models meet high european safety stand-
ards . they conform to the international safety standard 
iec 60335-2-40 and are certified by the german associa-

tion for electrical, electronic & information technologies 
(vde), one of europe’s largest technical and scientific as-
sociations . moreover, the final product has been certified 
by global leader in independent testing tÜv . in china 18 
of the 32 air conditioning production lines will be con-
verted to r290 as part of the country’s hcfc phase-out 
management plan (hpmp) . first projects in india are cur-
rently under way to build domestic production lines for 
hc a/c systems . overall, hc low charge packaged solu-
tions (less than 1 kg) are expected to see increased use, 
from a market share of below 1% today . 

in light of the greenfreeze triumph in domestic fridges, 
the increasing investment in r290 air conditioning sys-
tems could pave the way for a similar hc success in small 
charge applications like room acs . other potential ap-
plications for hcs include residential heat pump dryers .

CO2: carbon dioxide has been extensively used as a re-
frigerant in domestic hot water heat pumps in Japan, 
where they were introduced as “eco cute” in 2001 . the 
market for co2 heat pump water heaters has rapidly ex-
panded with models now available in europe for space 
and water heating . over 2 million residential models can 
now be found in family homes . tumble dryers using co2 
heat pumps are also being researched . residential air-
conditioning using co2 is under investigation but still 
faces energy efficiency challenges . 

in addition norway and austria have seen the develop-
ment and testing of brine-to-water co2 heat pump pro-
totypes for domestic hot water-only operation and for 
combined space heating and hot water production, un-
der the iea heat pump programme’s collaborative pro-
ject on “economical heating and cooling systems for low 
energy houses” . both projects have delivered promising 
results with high cop values . prior to this a  norwegian 
research study also indicated that in low energy and pas-
sive houses, where domestic hot water (dhw) heating 
accounts for 50-85% of the total annual heating demand, 
an integrated co2 heat pump system will outperform the 

most energy efficient hfc units on the market .

district heatiNG & cooliNG
NH3: although not yet widely used, ammonia chillers 
and heat pumps can provide residential and commercial 
heating and cooling requirements from a central plant 
via a water piping network . for example, in drammen 
in norway, the background heat from seawater is being 
harnessed by a single screw ammonia heat pump to pro-
vide hot water for the local district heating network . in 
the us, montgomery college in rockville maryland has 
used an ammonia district cooling plant since 1994 . the 
roche welwyn garden city, uk site also has a centralised 
water chilling plant that uses ammonia as the refriger-
ant .

HC: in denmark isobutane heat pumps installed in the 
new central cooling plant of aarhus university hospital 
skejby supply cooling water to the entire hospital via a 
new distribution network .

CO2: a large scale 100% renewable energy project in 
denmark incorporates a co2 heat pump into a  large-
scale district heating system . the  1 .5 mw (thermal) co2 
driven heat pump “moves” energy to the energy storage 
heat pit, providing the whole system with greater flex-
ibility in energy output .
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The food Chain
food productioN, processiNG & cold 
storaGe
NH3: traditionally, ammonia-based industrial refrigera-
tion has been the norm in the food processing and pres-
ervation industries, given its relatively low capital cost 
combined with excellent operating performance . over 
80% of the industrial refrigeration and cold storage in-
dustry - together with co2 and hydrocarbon refrigerants 
- use ammonia refrigeration plants in developed coun-
tries, whereas the market share in developing countries 
is at 40% . in the food processing industry ammonia can 
be found in fish, meat and poultry processing plants, 
confectionary factories, fresh milk and dairy production 
facilities, wineries and breweries . 

types of installations found in these factories include 
ammonia blast freezers, spiral freezers, plate freezers, 
and freezing tunnels . nh3 is also used in ice flake ma-
chines . many food processing ammonia refrigeration 
plants now use an integrated heat and refrigeration sys-
tem . as regards their geographic distribution, nh3 sys-
tems are largely used in the usa, northern europe, and 
central and western europe . in eastern europe, includ-
ing russia, a traditionally strong ammonia refrigeration 
engineering base can be found . india uses nh3 systems 
to a some extent, with nh3 used for quick freezing in one 
of the country’s largest food parks . in addition, large nh3 
heat pumps have been used in 5% of industrial air-con-
ditioning systems and in 30% of all applications in devel-
oped countries .

CO2: r744-only refrigeration systems are still used to a 
lesser extent in the food storage and processing indus-
tries and especially in those regions where the use of am-
monia is restricted . co2 is also used for deep freeze stor-
age and in blast freezers, and in ammonia/co2 cascade 
systems . market share of co2 for industrial refrigeration 

is at 10% in developed and 0% in developing countries; 
and for heat pumps 5% and 0%, respectively . currently 
the potential of high-capacity carbon dioxide chillers is  
being investigated, as an alternative to nh3 chillers . also 
within the food industry, co2 transcritical heat pump 
dryers are being used for product drying where they 
ensure that quality and texture of substances as varied 
as pharmaceuticals, fruits or pet food can be preserved . 
co2 can also be used in heating and cooling systems in 
wine production, such as an integrated co2 heat pump, 
adiabatic fluid cooler and glycol chiller system used in 
california . ice flaking machines using carbon dioxide 
refrigerants have been commercialised and are gaining 
market share . 

NH3/ CO2: in europe several cold storage facilities have 
been equipped with co2/ nh3 cascade systems, using 
ammonia at the high stage and carbon dioxide at the 
low stage . co2 is also being used as a secondary refriger-
ant that is circulated in cold store rooms with the primary 
refrigerant typically ammonia — confined to the machi-
nary room .

HC: propane has been used in industrial refrigeration and 
cooling applications, especially in large chillers where 
they have been available for over 10 years . as an example 
from the dairy industry there is a hydrocarbon refrigera-
tion demonstration project for milk coolers in indonesia . 
market share in industrial refrigeration is estimated to be 
at 0-2% worldwide; for industrial air-conditioning at 10% 
for developed countries and 5% for developing coun-
tries . again, inadequate technicians’ training impede a 
more wide-spread use of hcs in various countries . 

road traNsport refriGeratioN
CO2 / HC: road transport refrigeration is a niche market 
with special requirements in terms of equipment robust-
ness, weight or corrosion resistance . the market for co2 
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and hydrocarbon refrigerants is still in its infancy with 
selected food retail chains having equipped first delivery 
trucks with natural refrigerant systems . most recently, re-
search has focused on regenerative trailer cooling with 
natural refrigerants as a means to save up to 20% energy . 

superMarkets: ceNtral refriGeratioN
CO2: carbon dioxide is used for central refrigeration 
equipment in supermarkets . 25 canadian and over 1,300 
supermarket stores across europe have already opted for 
co2 transcritical plants, making it one of the most prom-
ising applications for r744 . in a recent development, the 
announcement by a us-american system supplier that 
it will roll out pilot installations across north america 
in 2012 has brought additional impetus to the market . 
progress in also being made in china where tesco has 
opened its first store using co2 as the refrigerant . co2 is 
furthermore used in a variety of cascade and secondary 
system solutions, together with ammonia and hydrocar-
bons, or synthetic refrigerants . cascade solutions have 
become a well-established market especially in europe . 
co2 flake ice machines for fish filling counters in super-
markets and fishmongers are also commercially avail-
able .

HC / NH3: unlike many european retailers uk chain wait-
rose is investing in propane refrigeration technology, 
whilst marks and spencer has installed several co2/pro-
pane hybrid systems . at the end of 2011, tesco opened 
its first zero carbon store in thailand, featuring hydrocar-
bon powered fridges . for condensing units in medium-
sized convenience stores, both co2 and hcs can be a pre-
ferred option also for developing countries . 

CO2 / NH3: ammonia is mostly used in nh3/co2 cascade 
solutions, which are estimated to have an up to 5% mar-
ket share in developed countries . in south africa a pick 
and pay supermarket has replaced the conventional cen-
tralised refrigeration system with a r744/r717 cascade 
system, a system more suitable for a hot climate than 
r744 alone, which has lower thermal efficiencies at high 

ambient temperatures .

liGht-coMMercial systeMs: display caBi-
Nets, ice creaM freezers aNd VeNdiNG Ma-
chiNes

HC / CO2: in a supermarket environment, a variety of hy-
drocarbon cabinets, including island and multideck dis-
plays, chest and upright freezers, ice cream freezers and 
bottle coolers are commercially available . for example, 
danone and nestlé have several thousand coolers us-
ing hydrocarbon technology across a number of coun-
tries including denmark, mexico and germany, whilst 
by 2010 pepsico had deployed 61,419 hydrocarbon and 
277 co2 units globally . as other examples of industry 
commitment driving the market, by the end of 2011, 
the coca-cola company had exceeded 420,000 hfc-free 
vending machines, coolers and drinks dispensers using 
both co2 and hydrocarbons, whilst unilever had rolled-
out 800,000 hydrocarbon ice cream freezer cabinets . 
beer manufacturer carlsberg has over 3,500 hydrocar-
bon coolers . in addition, an italian frozen desert equip-
ment manufacturer has produced a prototype ice cream 
machine using co2 technology, whilst an italian and brit-
ish display cabinet manufacturer have developed co2  
cabinets and wine walls .

fast food restauraNt: driNks dispeNser, 
ice cuBe MachiNes aNd Meat freezers
HC / CO2: the use of natural refrigerants in point-of-sale 
appliances has also been driven by mcdonald’s, which 
opened three hfc-free restaurants using hydrocarbons 
and co2 technology, in addition to a Japanese and 
french restaurant which have each installed a co2 heat 
pump . the franchising group has developed natural re-
frigerant alternatives for eight pieces of refrigeration 
equipment, including: juice dispenser, ice cube machine, 
salad cooler, and the meat/wall freezer . while the smaller 
refrigeration applications have been covered by hydro-
carbon refrigerants, co2 was used in space heating and 
cooling, as well as in the refrigeration rooms . 
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indusTry and speCial appliCaTions
iNdustrial processes & laBoratories 
NH3 / HC / CO2: for many years ammonia has been the 
refrigerant of choice for manufacturing sites, for ex-
ample, xerox and fujifilm plants both use ammonia 
refrigeration, and as a secondary refrigerant for mine 
air conditioning . hydrocarbon refrigeration has been 
used to a certain extent in the chemical industries for 
the liquefaction of co2 and other gases . in oil refineries, 
and petrochemical plants, hydrocarbon refrigeration is 
used to maintain certain processes at their needed low 
temperatures (for example, in alkylation of butenes and 
butane to produce a high octane gasoline component) . 
there are also examples of hydrocarbon and ammonia 
chillers in the pharmaceutical industry . both the roche 
indianapolis campus and roche ireland ltd, which pro-
duces active pharmaceutical ingredients, have invested 
in centralised ammonia chiller plants, whilst at its ger-
man logistics centre roche is using a mixture of ammo-
nia, propane and co2 . moreover, the roche uk head-
quarters two ammonia chillers and three hydrocarbon 
chillers provide the office air conditioning and computer 
server room cooling . co2 has become an interesting op-
tion for laboratory coolers and freezers in north america 
and europe, including in a laboratory refrigeration plant 
in Québec used for testing natural refrigerants, whilst a 
laboratory freezer has been converted to hydrocarbons .

solar refriGeratioN: VacciNe coolers & 
food refriGerators
HC: in the last decade several companies have devel-
oped hydrocarbon (r600a) solar powered vaccine cool-
ers, including danish, british, as well as a refrigiration 
manufacturer from swaziland, which presented its first 
prototype vaccine coolers in 2010 . these unique coolers 
can operate on intermittent or poor mains supply, bat-
tery-free solar power or a combination of the two . the 
“solarchill” cooler using only hcs for refrigeration and 

foams was developed and supported by various manu-
facturers, unep, unicef and giZ .

a $2 .7 us million (€2 million) grant by the global envi-
ronment facility (gef) will support the installation of 75 
solarchill vaccine coolers in community clinics and 25 
solarchill food refrigerators in schools, small enterprises 
and hospitals in kenya, swaziland and colombia . 

wiNter sports
NH3: ammonia has become increasingly popular in re-
cent years for cooling ice rinks due to the hcfc phase-
out . several european ice rinks use ammonia refrig-
eration systems, including “curl aberdeen” ice rink in 
scotland, europe’s largest open-air stadium with an ice 
rink (karlstad, sweden), and the iconic alexandra palace 
in london, uk . ammonia refrigeration has also been 
used to refrigerate temporary ice rinks, such as for exam-
ple the outdoor rink used for the us ice hockey league in 
chicago in 2009 . other winter sport applications using 
ammonia refrigeration include the snoras indoor ski-
ing snow arena in lithuania and the world’s third larg-
est indoor snow park in dubai, the main attraction at the 
mall of the emirates shopping centre in dubai, which 
offers 5 ski slopes and is covered with 6000t of snow . 
the bobsleigh, luge and skeleton refrigerated tracks in 
vancouver, canada, used for the winter olympics and in 
königssee, germany, used for the 2011 world cup, also 
use ammonia . 

CO2: the world’s first ice ink using 100% co2 refrigeration 
was installed in 2010 in arena marcel dutil in Quebec, 
canada . it received ashrae’s technology award for in-
dustrial facilities in 2011 .  

special applicatioNs: space statioN & Bio-
sphere
NH3: the most prominent examples of the use of ammo-
nia in special applications are for air-conditioning in the 
international space shuttle and the ecosystems of the 
biosphere ii research project in arizona, which will be 
used in the future for climate change research .
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Global indusTry survey – respondenTs profiles

orGaNisatioN types & MaiN actiVities
the 1,254 hvac&r professionals and end-users surveyed 
from march to september 2011 mainly represented 
manufacturers (45%) and engineering & contracting firms 
(35%) . as multiple choices were possible, representatives 
of corporations offering solutions for various phases in 
the value chain of system development, supply and 
maintenance, indicated more than one activity . the two 
main industry sectors represented were commercial 
refrigeration (65%) and industrial refrigeration (62%), 
followed by stationary air-conditioning (48%) .

couNtries represeNted

the highest share of respondents were located in the 
usa, traditionally a strong user of ammonia systems but 
the world’s last major market to receive government 
approval to use hydrocarbons as a refrigerant . it is 
followed by the uk, italy and germany . australia, canada 
and india were represented with around 4-5% each, 
whereas denmark – despite being the smallest country 
in this top group by far – showed its natural refrigerant 
leadership role also in a high response rate . 
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Global indusTry survey on naTural refriGeranTs
to quantify the global market for natural refrigerants 
carbon dioxide (co2), ammonia (nh3), and hydrocarbons 
(hcs), an online survey was sent to more than 6,000 
hvac&r professionals, and relevant industry associa-
tions . the total universal response set used in the follow-
ing was 1,254 individuals . 

specific objectives of the survey were to identify expec-
tations and priorities of the hvac&r sector; discover the 
perceived drivers and barriers affecting the uptake of 
natural refrigerants; and determine the level of aware-
ness and support for natural refrigerants . this was the 
first time that an industry-specific survey was conducted 
focusing exclusively on the market potential of natural 
working fluids in different applications, sub-sectors and 
geographic regions . the comparatively high response 
rate showed that interest in more reliable data on the 
economic prospects and drivers are sought by the indus-
try which is (still) highly heterogeneous, depending on 
natural refrigerant selected and end-use application . 

MethodoloGy
the online survey has been active since 1 february 2011 
and consists of a mixture of 28 structured (closed-ended) 
and unstructured (open-ended) questions . the question 
set was fielded online to targeted representatives of key 
hvac&r organisations and companies around the world, 
including system manufacturers, component suppliers 
and end-users . over 6,000 invitations to participate were 
sent by email . selected industry associations, including 
airah1, area2, bra3, ehpa4, green cooling association, 
greenchill program, and rehva5 supported the distribu-
tion of the survey among the associations’ members .

by 15 november 2011, the survey had received a total 
of 1,338 responses . to avoid overrepresentation of indi-
viduals in the  form of double responses, access is auto-
matically restricted to a one time data entry per ip ad-

dress . to enable a reliable analysis, data received up to 31 
september was taken into account in the drafting of this 
guide – in total 1,254 individual responses .

the survey was of a voluntary nature . a balanced rep-
resentation of hvac&r professionals in terms of geo-
graphic distribution, main types of activities and prior 
experience with natural refrigerants was aimed for by 
involving neutral industry associations . to increase the 
response rate participants were informed that by par-
ticipating they could get access to preliminary data and 
choose for their organisation to be included in a directo-
ry in the forthcoming Guide: Natural Refrigerants Market 
growth for Europe . this, and the fact that the initial data-
base contained a high sample of individuals familiar with 
and/or involved in offering natural refrigerant technolo-
gies and services, led to a relative overrepresentation of 
the “pro-natural refrigerant” industry; those that already 
offer and/or are willing to offer in the future solutions 
based on co2, nh3 and hcs . overall and not surprisingly, 
it can be concluded that, due to the survey’s voluntary 
nature, the question set attracted a higher-than-average 
number of respondents already interested in the future 
of natural working fluids .

to avoid bias as far as possible however, wherever there 
were marked differences in response patterns from the 
total data set, a separate sub-set containing only in-
dividuals with no current or future natural refrigerant 
products was formed and contrasted with the parent 
population . this allows for a clear distinction between 
“pro-natural refrigerant” respondents and those not 
planning on marketing solutions based on natural work-
ing fluids anytime soon .

1 Australian Institute of Refrigeration, Air-conditioning 
& Heating

2 Air-conditioning & Refrigeration European Association

3 British Refrigeration Association

4 European Heat Pump Association

5 Federation of European Heating, Ventilation & Air 
-conditioning Associations
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Global adopTion poTenTial

europe sets the toNe for the adoptioN of Natural refriGeraNts
an overwhelming majority - around 74% of the 1,000 in-
dustry expert respondents to the global hvac&r survey 
believe that europe shows “high” potential for the mar-
ket uptake of co2, nh3 and the group of hydrocarbons 
used as refrigerants . this also confirms that acquired 
competences of european-based corporations in natural 
refrigerant technology will remain a solid basis for sup-
plying domestic and overseas markets with hfc-free so-
lutions for the foreseeable future . 

europe is followed by oceania/australia, north america 
and asia where an overall “moderate” market potential 
for natural working fluids exists, but where on average 
a third of all respondents still see a “high” adoption rate . 
minor leadership potential, on the contrary, is recorded 
for south america and especially africa, with only 17% 
and 14% of respondents believing that non-fluorinated 
gases will have a “high” potential to be adopted in the 
near future . 

Global adoption potential  - average values

Total  responses:  975

Scale: Adoption Potential

high potential

moderate potential 

minor potential

no potential

Question: “rank the following world regions by overall 
natural refrigerants market adoption potential” .
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naTural refriGeranT sales Trends

a GrowiNG Market for co2, Nh3, hcs
overall, the market for the three natural refrigerants 
ammonia (r717), carbon dioxide (r744) and the group of 
hydrocarbons - mostly propane r290, isobutane r600a, 
propylene r1270, and ethylene r1150 - is experiencing 
significant growth . 

based on data of a leading refrigerant supplier with a 
global presence, the total market for natural refrigerants 
is growing, with a 11% reported increase in revenues, and 
a 14% increase in volumes per annum from 2008 to 2010 . 
however, growth within the total natural refrigerants 
market differs significantly for co2, hydrocarbons and 
ammonia . while ammonia is the most-established 
market, by far, co2 and hydrocarbons have shown strong 
double-digit revenue & volume growth . the relative 
increase of sales and volumes indicated by the supplier 
is a good indicator for global trends, given that the 
supplier’s market share within the natural refrigerant 
supply remained relatively constant over the reported 
period .

aMMoNia: Mature aNd staBle Markets
ammonia today is the most-established refrigerant 
market with large sales in terms of volumes and revenues . 
as a result, it has shown only modest growth over the last 
few years, with a reported increase of 6% in sales, and 
3% in volumes, respectively . regarding its geographic 
distribution, all world regions use ammonia, with the 
cold chain and food-processing industries particularly 
reliant on the natural refrigerant . 

Natural refrigerants Revenues €m
Natural refrigerants Volumes 

(Tonnes) R717 Sales Volumes
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for the selected refrigerant supplier, r744 sales have 
increased by 88% from 2008 to 2010, and volumes by 
117% over the same period . this growth is mainly driven 
by western europe that is demanding co2 for commercial 
refrigeration . americas, asia-pacific, the middle east and 
eastern europe still show a very small market, which is 
unsurprising given the limited use of co2 in supermarket 
refrigeration, and its still lower thermal efficiency at high 
ambient temperatures .

hydrocarBoNs: asia-pacific leadiNG the 
way
over the last 3 years, the asia-pacific region has driven 
growth in sales of hydrocarbon (hc) refrigerants . in 
the americas, hc sales are dominated by domestic 
appliances in south america but are expected to pick 
up also in north america now that the us epa has 
approved their use . global revenues increased by 36% 
and volumes by 100% in the period 2008-2010, with the 
difference between volume and revenue due to higher 
volume demand of lower cost/kg products .

HC Revenues HC VolumesR744 Sales R744 Volumes
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Your industrY network 
for natural refrigerants

The world’s only industry platforms for the natural 
refrigerants CO2 (R744), ammonia, and hydrocarbons. 
Your online source for products, news, knowledge, 
events, experts, and more. Visit us at:

www.hydrocarbons21.com
www.ammonia21.com
www.r744.com
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end user views on naTural refriGeranTs
if yOu had tO fOrmulate a GlOBal actiOn plan tO BrinG natural refriGerants faster tO market what wOuld Be yOur tOp 
3 priOrities?
“ In terms of rollout in developing and emerging economies 
we need to see investment in training to support the units 
once they are in service. We know that when you are going 
into a new market with a new technology that has to go 
lock-step with the investment in training, and people run-
ning training companies need to think about whether they 
are geared up to service these units. On the policy side, it 
would be whether there is any scope for the things like the 
Montreal Protocol to be extended to include natural re-
frigerants so that we can use the funding that is available 
through those channels to support the transition, not just 
from HCFC to HFC but from HCFC to leapfrog into natural 
refrigerants. It’s a big ask, it involves an international mul-
tilateral process, but we could see a real step change if we 
could get some kind of agreement like that.”

Thomas Lingard, Unilever

“In addressing cooling technologies, governments must ini-
tiate a strong first step of setting a phase-out date for HFCs 
and mandate natural refrigerants as the only acceptable 
form of cooling gases. Simultaneously, they must tax the 
use of HFCs as an incentive for the development and com-
mercialization of HFC-free technologies. Finally, to ensure 
success, the industry needs an accompanying knowledge 
and training network to address operational concerns.”

Antoine Azar, The Coca-Cola Company

“McDonald’s Germany opened the first HFC-free restaurant 
in Heidelberg in October 2011. Resulting from our experi-
ence with the HFC-free restaurant, availability is amongst 
our top priorities when it comes to making natural refrig-
erants widely accessible to the market. Suitable equipment 
that is ready and available is indispensable. A second prior-
ity is cost-effectiveness. The equipment operating on natu-
ral refrigerants needs to be profitable in operation. Other-
wise, companies will not invest in it. Moreover, solutions for 
cooling and air conditioning have to be operable in order 
to set valuable incentives for changing to natural refriger-
ants. Thus, operability is a third priority for bringing natural 
refrigerants to the market.

Achieving these three priorities requires more commitment 
from companies and politicians alike. Our suppliers have 
already recognized these requirements. After the testing 
phase, they will continue to develop the instrumentation to 
make it marketable. However, in order to produce HFC-free 
equipment that is readily available, cost-effective as well 
as operationable, more stakeholder engagement is neces-
sary.”

McDonald’s

“1. HEINEKEN would focus on stimulating EcoDesign for 
further reductions in energy consumption and improve-
ment of natural refrigerant applications

2. HEINEKEN would focus on ensuring that appliances 
comply with applicable legislation and the develop-
ment of industry standards for cooling and refrigeration

3. HEINEKEN would focus on increasing availability of 
natural refrigerants and thereby achieving economies 
of scale

HEINEKEN has chosen to invest in natural refrigerants be-
cause of the better environmental performance, in terms of 
energy use and carbon footprint impact,  and because of 
the value it offers to our customers. “

HEINEKEN

“You have to look first at labelling and certification in a 
refrigeration training program. Technical issues can be 
discussed forever, but they can be resolved. I would imbed 
certification for refrigerant training and labelling in a com-
prehensive system and have this certification system not 
only cover natural refrigerants but all refrigerants. This will 
also create confidence at the customer or end-user level.  
Regarding equipment costs one could steer the selection of 
natural refrigerants in a first instance through the lowering 
of taxes, while also introducing higher taxes on high GWP 
refrigerants.”

Dr. Lambert Kuijpers, University Eindhoven
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“My top 3 priorities to bring natural refrigerants faster to 
market would be:

1. Implement hybrid refrigeration systems (i.e.  
CO2 /R134a) before setting up 100% natural refrigera-
tion, especially in countries where ammonia and/or CO2 
transcritical design is not yet mature.

2.  Convince refrigeration manufacturers/installers that 
standardization and built-in rack compressors must 
help to reduce the price difference between convention-
al and natural refrigeration systems.

3.  Promote to installers that the future of refrigeration is 
to switch their activity to natural refrigeration through 
training, certification, etc.”

Jean-Michel Fleury, Carrefour

“1.  Encourage end users to “Go for it”! The technology is 
here – and it works! To us (Coop Norway), it seems there 
is enough experience and studies that prove natural re-
frigerants’ success, environmentally and economically.

2.  Although hardly the fastest approach; political ac-
tion in order to increase (and harmonise) taxes on syn-
thetic refrigerants.

3.  “Ally” with producers, in order to continue developing 
the technology.”

Knut Lutnæs, Coop Norway

“1. There is one main reason which speaks against CO2 
systems and this must be fixed: Price reduction of CO2 
systems to the level of conventional cooling systems;

2. Development of low-cost compact systems for small 
convenience stores”

Elias Steiner, SPAR Switzerland

“To incentivise investment in natural refrigerants we need:

1. Education for designers

2. Test natural refrigerant installations in all countries 
and educate maintenance technicians about the tech-
nology.

3. Further educate end-users and contractors about the 
natural refrigerant installation options.”

Ilpo Hakkarainen, Kesko Finland

“To begin with we need to address education of the pro-
fessionals in the refrigeration industry, which means the 
planners, the installers and also the technicians operating 
and maintaining the systems. Secondly, the manufactur-
ers need to undertake more R&D on components such as 
compressors and regulation valves. Thirdly I think we need 
certain guidelines from the legislative point of view, such as 
a tax on HFCs or guidelines recommending the use of CO2  
in certain applications.”

Urs Berger, Migros

“Delhaize Belgium is one of the frontrunners bringing natu-
ral refrigerants to its supermarkets by using CO2 exclusively 
for negative installations. Its top 3 priorities to bring natural 
refrigerants faster to market would be: 

1. To have encouraging incentives from authorities pro-
moting faster retrofit/renewal of existing installations

2. Transform old installations R22 (two stage compres-
sors) directly to CO2

3. Bring together constructors/producers/users to find 
new uses with natural refrigerants like propane,…

Delhaize has chosen to invest in natural refrigerants be-
cause...

1. It is more environmental friendly

2. It is more efficient on the energy side

3. In case of leaks, there is no impact on greenhouse gas 
(GHG) emissions

4. Technology, like sub-critical installation, is reliable

5. Prices of installation are becoming more and more 
competitive”

Delhaize Belgium
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europe Today
technOlOGy & markets

techNoloGy: use poteNtial for Natural 
refriGeraNts
as the world market with the highest present potential 
for natural working fluids, europe’s markets for heating, 
refrigeration and air-conditioning show different 
capacities to revert to or remain “natural” . see a simple 
table rating the stage of technology development for 
ammonia, carbon dioxide and hydrocarbons systems in 
selected end-use applications which serves as a starting 
point for keeping track of future technology advances, 
on .  .  .

policy: aN eValuatioN Grid for eu 
leGislatioN
laws, standards and rules are among the decisive factors 
for building a prosperous business around natural 
refrigerants within a framework of investment security 
and joint leadership . see a rating of european union 
legislation and initiatives as regards their impact on 
adopting hfc-free solutions, their overall enforcement 
potential, and their vision & sustainability, as well as 
outstanding national strategies serving as a role model, 
on…

a success story: co2 traNscritical 
superMarkets
with an estimated 1,300+ european food retail stores 
using co2 transcritical refrigeration systems, their use 
is constantly spreading from a few leadership markets 
to other countries, pushing the “temperature equator” 
for an energy-efficient use of r744 further south . see a 
map showing the co2-only supermarkets per european 
country, and the reasons why different national 
strategies can lead to the same favourable result for hfc-
free solutions, on…

paGe 40 paGe 44 paGe 54
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state Of technOlOGy: natural refriGerants in eurOpe

• • • | coMMercially 
aVailaBle

• • | prototype/testiNG/
deMoNstratioN project •  | early staGe deVelopMeNt

Application Sub-Application CO2 NH3 HC

INduStrIAl refrIgerAtION

cold storage (eg raw fruits and 
vegetables) • • • • • •

distribution centre • • • • • •

frozen food, meat, poulty and fish, 
diary and ice cream, and confectionery 

processing refrigeration plants
• • • • • • • • •

beverage production, brewery, and wine 
refrigeration plants • • • • •

ice making plant & ice flake machines • • • • • •

ice rinks • • • • • •

bobsleigh, skeleton, luge track, and 
indoor ski centre • • •

pharmaceutical, chemical, petrochemical 
and process industries (blood and 
antibiotic storage, separation and 

condensations of gases)

• • • • • •

construction (setting of concrete, eg 
hoover dam construction) • • •

COmmerCIAl refrIgerAtION

supermarket centralised refrigeration 
plants for cooling large and medium-

sized cabinets
• • • • • • • • •

ice flake machines • • •

TeChnoloGy: use poTenTial for naTural refriGeranTs
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state Of technOlOGy: natural refriGerants in eurOpe

• • • | coMMercially 
aVailaBle

• • | prototype/testiNG/
deMoNstratioN project •  | early staGe deVelopMeNt

Application Sub-Application CO2 NH3 HC

INduStrIAl ANd COmmerCIAl AIr 
CONdItIONINg

mining (surface chillers) • • •

data centre server cooling • • • • •

district cooling •

factory production lines • • •

laboratory ac • • •

large commercial & public buildings • • • • • • • •

lIgHt COmmerCIAl 
refrIgerAtION

plug-in display cabinets • • • • •

ice cream freezers • • •

ice cream and milkshake machines • • • •

glass door bottle coolers • • • • • •

vending machines • • • • • •

water fountains • • •

drink dispensers • •

salad refrigerators • •

ice cube machines • •

vaccine coolers • • •
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state Of technOlOGy: natural refriGerants in eurOpe

• • • | coMMercially 
aVailaBle

• • | prototype/testiNG/
deMoNstratioN project •  | early staGe deVelopMeNt

Application Sub-Application CO2 NH3 HC

INduStrIAl ANd COmmerCIAl 
HeAtINg

heat pump dryer food processing • • •

district heating • • • • • •

large commercial & public buildings 
(eg hotel hot water heating, fast food 

restaurant space heating, hospital and 
nursing home hot water heating)

• • • • • •

dairy and brewery heat pump for heat 
recovery • • • • • •

reSIdeNtIAl AIr CONdItIONINg, 
refrIgerAtION ANd HeAtINg

portable ac • • •

window or split type ac • • •

domestic hot water heat pumps for 
space heating and hot water • • • • •

domestic refrigerators and freezers • • •

laundry dryers • •

trANSpOrt AIr CONdItIONINg, 
HeAtINg ANd refrIgerAtION

passenger cars ac • • • • •

electric cars ac • •

buses/ trucks ac • • • •

truck refrigeration • •

trains ac/ heating •

cargo reefer ship refrigeration • •

fishing vessels/ trawler refrigeration • • • • • •
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iNtroductioN & MethodoloGy
this section provides an overview of selected policy ini-
tiatives in the european union (eu) that have an impact 
on the hvac&r industry in general and the uptake of 
natural refrigerants in particular . best practice policy ini-
tiatives at the national level in two european countries 
are also discussed, as well as an example of one national 
regulation that restricts the use of natural refrigerants .

the iMpact of eu iNitiatiVes is assessed 
for three MaiN criteria, NaMely:
Nr - Natural refrigerants: this analysis rates the indi-
vidual legislation regarding its impact on the uptake of 
natural refrigerants . the indicators selected are training 
& know-how, technology & safety, awareness & psychol-
ogy, and economy & costs – representing four of the 
most challenging areas with influence on a wide-spread 
use of co2, nh3 and hcs .

VS - Vision & Sustainability: this criteria has been se-
lected to portray the overall ambition of the legislation 
to be in line with the eu’s medium to long term strategy 
in the areas of sustainable consumption & production, 
and environmental leadership . besides overall vision, 
specific criteria for economy (dynamic efficiency), envi-
ronment (ecological safety), and social aspects (fairness) 
have been selected as indicators . 

ee - effectiveness & enforceability: even with poten-
tially positive effects on environmental leadership in 
general and/or the support for hfc-free solutions in 
particular, a piece of legislation not accessible for the in-
tended stakeholder group and with limited enforceabil-
ity will not lead to strong results in the marketplace . this 
criteria hence looks at the “practical” process of adop-
tion, implementation and compliance, as well as the 
policy’s flexibility to adapt to changing industry/policy 
frameworks . for each criterion, the policy initiative uses 

4 indicators . the rating for each indicator ranges from 0 
(no impact) to 4 (high impact), giving an assessment of 
the magnitude of the impact . 

aN oVerView of the 12 iNdicators:
Nr - training & Know-How: this analyses how the leg-
islation affects the creation of necessary skills to han-
dle natural refrigerants, including certification for the 
manufacture, supply, commissioning, installation, main-
tenance / monitoring and decomissioning of hfc-free 
systems . 

Nr - technology & Safety: how the policy document 
affects the availability, durability, reliability, safety, effi-
ciency and cost-effectiveness of production processes, 
materials, refrigerants, servicing and disposal infrastruc-
tures, components & systems is rated in this indicator .

Nr - Awareness & psychology: this indicator inves-
tigates if and how information and awareness-raising 
campaigns, business-to-consumer and government-to-
consumer elements are strengthened to address mis-
conceptions about natural refrigerants within the indus-
try and the wider public . 

Nr - economy & Costs: direct support for non-fluorinat-
ed gases is one of the most important measures to ac-
celerate the deployment of natural refrigerant solutions . 
if incentive-based (taxes, subsidies, marketable trad-
ing permits, funding/grants) or command-and-control 
means (standards) to reduce price gaps are used is inves-
tigated in this indicator .

VS - economy (dynamic efficiency): this indicator refers 
to how incentives for enhanced innovation potential, 
and for balancing short run concerns (static efficiency) 
with concerns in the long run (r&d) are set for an in-
creased resilience (resistance / adaptation) to economic 
shocks in the hvac&r industry . 

eu poliCies: naTural refriGeranTs, vision & enforCeabiliTy
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VS - environment (ecological safety): the dominant el-
ement in this indicator is the environmental leadership 
shown in the policy initiative as regards environmen-
tal protection within the eu and for the eu compared 
to other world regions . more concretely, it talks about 
achieving the country’s and/or the eu’s renewable en-
ergy, energy savings and emissions targets .

VS - Social (fairness): the indicator looks at the burden-
sharing between market actors and citizens within the 
eu, and the fairness towards non-eu and developing 
countries in fully implementing the legislation . 

VS - leadership: how ambitious in general is the policy 
initiative as a combination of economic, social and en-
vironmental concerns, which timeframe (short, medium, 
long term) does it set for change and what is its overall 
leadership potential? 

ee - Access: this refers to whether a clear and unambigu-
ous language is used in the policy document, its targeted 
application fields, as well as the collaboration with and 
active communication towards addressees of the policy 
before drafting the initiative (consultations, call for input, 
meetings) . also rated are the ease of accessing and un-
derstanding the information by the target group . 

ee - Implementation: this refers to guidance and sup-
port provided in transposing the legislation into na-
tional law, the responsiveness of national governments 
and the industry to the legislation, as well as the ease of 
monitoring . most importantly, it also includes an analysis 
of whether mandatory reporting requirements exists .

ee - Compliance: whether suitable compliance mecha-
nisms are in place, incentives set for the addressees to 
comply (moral hazards, adverse selection), or penalties 
designed to encourage compliance, are rated in this in-
dicator .  

ee - flexibility: is there a fixed review period and/or con-
stant update of legislation or individual elements fore-

seen in the original document if new (scientific, indus-
try) information becomes available? this indicator also 
analyses if flexible and effective tools for member state 
integration are in place . 
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eu poliCies: MaC direCTive & f-Gas reGulaTion

Mac directiVe 
the mac directive has set a precedent in setting a 
maximum allowable global warming potential (gwp 
calculated over 100 years) value of below 150 that 
refrigerants used in mobile air conditioning (mac) may 
not surpass . it has driven the interest in development 
and optimisation of mac systems and components 
suitable for use with low-gwp natural refrigerant co2 
and more recently hydrocarbons, and also contributed 
to the adoption of natural refrigerants in other, mobile 
and stationary, applications . 

f-Gas reGulatioN
the existing eu regulation on fluorinated gases relies 
primarily on containment and recovery measures 
to prevent hydrofluorocarbon (hfc) emissions from 
the hvac&r sector . however, part of the industry is 
preparing for more rigorous measures in the future: 
current discussions in the context of a likely revision of 
the regulation indicate that more action is needed to 
reduce f-gas emissions in the eu if the bloc is to achieve 
its long-term greenhouse gas emission targets .
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eu poliCies: MaC direCTive & f-Gas reGulaTion
MoBile air coNditioNiNG (Mac) directiVe 
adopted in 2006, the mac directive (directive 2006/40/
ec relating to emissions from air-conditioning systems in 
motor vehicles) bans mac systems working with fluori-
nated ghgs with a global warming potential (gwp) 
higher than 150 from 2011 for new types of vehicles, and 
for all new vehicles as of 2017 . the ban therefore covers 
the most commonly used refrigerant, hfc134a (gwp = 
1,430) . 

the mechanism to implement the directive is the type 
approval procedure at national level, by which car manu-
facturers need to homologate their vehicles before they 
can be put on the market . with the automotive sector 
seeking a global solution for their macs, eu manufactur-
ers have announced that they will be using a next gen-
eration chemical refrigerant with low-gwp to meet the 
requirements of the directive . these included german 
carmakers, which had initially committed to using natu-
ral refrigerant co2 . 

nonetheless, new macs with low-gwp refrigerant are 
still to make their debut on the eu market due to lack 
of availability of the new chemical substance, with one 
carmaker already reported to have acquired compliance 
exemption by a national type approval authority – a de-
velopment that might contaminate overall effectiveness 
of the directive . 

looking at the future, with the ban in place, and flam-
mability as a property of refrigerants gaining increas-
ing acceptance, hydrocarbon natural refrigerant which 
are widely used worldwide in the mac servicing sector, 
could also be one of the future solutions selected for new 
macs by carmakers . natural refrigerant co2 is also seen 
as a good candidate to cover both heating and cool-
ing needs for electric vehicles, which are to gain market 
share in the eu and worldwide .

overall, the directive has had a positive impact on natu-
ral refrigerants, by enabling development of co2 tech-
nology and components not only for passenger vehicles 
but also for other applications currently not in the scope 
of the directive, including buses and trains . it has also 
benefited the know-how in natural refrigerant co2 for 
stationary applications .

the mac directive has set a precedent in restricting the 
gwp allowable for refrigerants in a specific application . 
the impact of the directive spans wider than the eu, 
with us authorities also considering a ban on the use 
of high gwp hfc134a in motor vehicle air conditioning 
systems . california is also proposing to incentivise the 
use of low-gwp refrigerants in mobile air conditioning 
(mac) systems of new vehicles .

f-Gas reGulatioN
to address the issue of emissions related to the use of 
hfcs, the european union has adopted the f-gas regu-
lation (regulation no 842/2006 on certain fluorinated 
greenhouse gases) . in place since June 2006 in the eu, 
the overall objective of the f-gas regulation is to prevent 
and thereby reduce leakages of high-global warming 
f-gases such as hydrofluorocarbons (hfcs) . the regula-
tion’s main impact is on systems containing 3 kg or more 
refrigerant, to which regular leakage checks and record 
keeping apply, in addition to end-of-life and repair re-
quirements . owners and operators of such systems bear 
additional costs to meet the various requirements, while 
on the other hand natural refrigerant equipment is out 
of the scope of the regulation and its requirements .

 “the application and enforcement of this regulation 
should spur technological innovation by encouraging 
continued development of alternative technologies and 
transition to already existing technologies that are more 
environmentally friendly”, reads the text of the regula-

tion . although not placing any use bans on the hvac&r 
sector, the regulation is seen as an indication of stricter 
requirements in the future, with several manufacturers 
of stationary equipment carrying out r&d and investing 
in natural refrigerants to insure against future strength-
ening of the regulation and potential use and market-
ing restrictions .  the regulation has also inspired natural 
refrigerant training initiatives that are being developed 
in parallel to f-gas training courses, together with private 
initiatives to phase out high gwp gases by supermarket 
chains (see uk and switzerland) and global consumer 
goods end users (cgf1, refrigerants naturally!) .

future developments with this regulation is crucial for 
the natural refrigerant industry, with the eu executive 
body, the european commission, currently consider-
ing a revision that is likely to result in strengthened re-
quirements . a first report assessing the effectiveness of 
the regulation suggests that more action is required in 
addressing hfc emissions, if the eu is to meet its long-
term emissions reduction targets (european commis-
sion, 2011) . the same report considers different options 
for achieving additional reductions of f-gas emissions 
in the eu, including use and marketing prohibitions for 
new equipment and products, voluntary environmental 
agreements at community level, a tax on sales of hfcs 
and pre-charged equipment, stricter containment and 
recovery measures etc . although currently too early to 
assess what could be the preferred approach for achiev-
ing additional hfc emissions reductions in europe, it 
may be expected that requirements be tightened, fur-
ther bridging the capital cost gap between traditional 
and natural refrigerant technologies .

1 Consumer Goods Forum
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eu poliCies: hCfC phase-ouT, eCodesiGn & eColabel

hcfc phase-out iN the eu
the recast of the eu regulation on ozone depleting 
substances in 2009 accelerated the hcfc phase out 
schedule by placing a complete ban on using hcfcs 
(both “virgin” or  “recycled”) by 2015, enhancing therefore 
the urgency to replace hcfc equipment/plants . some 
entities seek to leap-frog hfcs, especially in equipment 
with a long lifetime and big refrigerant inventories .

ecodesiGN for air coNditioNers
with ecodesign aimed at improving overall 
environmental performance of products, the ecodesign 
regulation for room air conditioners establishes a 10% 
incentive in terms of lowered minimum energy efficiency 
requirements for products using refrigerants with gwp 
≤150 . the low-gwp bonus formally recognises the 
importance of refrigerant emissions in the eu and opens 
the way for including similar provisions in ecodesign 
regulations concerning other refrigerant using product 
groups . 

eu ecolaBel
products that are awarded the voluntary european 
ecolabel allow users to identify products and services 
that are kinder to the environment . minimum energy 
efficiency requirements for awarding the heat pump 
ecolabel are easier to meet for products that use a 
refrigerant with gwp ≤ 150 . further ecolabels for 
hydronic central heating generators, air conditioning, 
water heating, refrigerators and buildings will be 
developed by 2015 .
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eu poliCies: hCfC phase-ouT, eCodesiGn & eColabel
hcfc phase-out iN the eu
regulation no 1005/2009 on substances that deplete 
the ozone layer is the legal instrument in the european 
union that sets out the hcfc phase-out schedule in its 
member countries . accordingly, the use of hcfcs in new 
equipment has been banned in europe since early 2000 . 
since January 2010 virgin hcfcs have been banned for 
maintaining & servicing of existing systems while at the 
same time a total ban on supply of virgin hcfcs took ef-
fect . reclaimed or recycled hcfcs can be used to service 
or maintain equipment until 2015 . after this date, the eu-
ropean union does not allow the use of ozone depleting 
substances any more, which means that plants/equip-
ment with hcfcs can only continue running for as long 
as they do not need topping up, and after this point they 
would either need to stop operating or be replaced .

many users with multiple systems have planned a re-
placement strategy to conserve their stock of hcfc-22 
refrigerant, setting priorities for which system to replace 
or convert first by considering the age of the plant, like-
lihood of leakage and ease of conversion (rtoc, 2010) . 

implementing retrofits and replacements of hcfc indus-
trial refrigeration equipment for example offers replace-
ment options ranging from hydrofluorocarbons (hfcs) 
to natural refrigerants like ammonia and carbon dioxide . 
with the complete hcfc phase out coming up in 2015, 
some companies are proposing natural refrigerant solu-
tions as long term replacements to their customers . of 
course hfcs are also often proposed as the replacement 
technologies in many applications . nonetheless, the re-
cast regulation, which brought forward the hcfc phase 
out in the eu, has been one of the reasons why several 
companies have been looking into natural refrigerants 
as future proof replacements, developing products, en-
hancing safety, reliability and reducing their costs . in 

combination with the fact that in the meantime (2006) 
the f-gas regulation was introduced, the recast regula-
tion has enhanced the urgency to replace hcfc equip-
ment/plants, with forward-looking entities seeking 
to leap-frog hfcs, especially in applications for which 
equipment has a long lifetime and where hcfcs are still 
widely in use (e .g . industrial refrigeration plant stock) . 

the eu legislation has not only been effective in con-
trolling ozone depleting substances but also acted as a 
driver for the development of innovative technologies 
(eg chillers with ammonia charge as low as 0,1kg per kw 
capacity) .

ecodesiGN for air coNditioNers
ecodesign rules consider the environmental impact of 
energy-using products throughout their entire life-cycle 
and products not meeting certain requirements will not 
be allowed on the eu market . under the life-cycle ap-
proach, direct emissions from the refrigerant are also 
taken into account . however, currently the existing regu-
lations and those under development mainly focus on 
efficiency . 

an exception is a new ecodesign regulation for room 
air conditioners (commission regulation implementing 
directive 2009/125/ec), which has set a precedent in 
recognising the contribution of refrigerants in the envi-
ronmental footprint of products by providing a bonus 
in energy efficiency requirements for products using re-
frigerants with a global warming potential (gwp) below 
150 . however, the measure is an incentive but not a re-
quirement and has somewhat poor visibility, as it is not 
reflected on the corresponding energy label . 

similar opportunities for introducing low-gwp bonuses 
could arise for several other refrigerant containing prod-
uct categories that are currently being discussed under 
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ecodesign, including commercial & professional refrig-
eration, boilers and water heaters and tertiary air condi-
tioning . overall there is a big potential for advantageous 
requirements for naturals refrigerants in ecodesign regu-
lations currently being devised or when regulations are 
reviewed (typically within 5 years after entry into force) .

eu ecolaBel
the eu ecolabel is a voluntary scheme, established in 
1992 (and revised in 2009) to encourage businesses to 
market products and services that are kinder to the en-
vironment . products and services awarded the ecolabel 
carry the flower logo, allowing consumers - including 
public and private purchasers - to identify them easily, 
while producers find that it gives them a competitive ad-
vantage .

today, the eu ecolabel covers a wide range of products 
and services, with further groups being continuously 
added . the environmental criteria behind the eu eco-
label are agreed at european level based on life-cycle 
analysis and the label itself is only awarded after verifi-
cation that the product meets these environmental and 
performance standards .

hvac&r related product groups for which award crite-
ria have been established include heat pumps, includ-
ing both electric and gas heat-pumps with a maximum 
heating capacity of 100 kw, but not heat pumps that can 
only provide domestic hot water for sanitary use: current 
criteria for awarding the heat pump ecolabel are valid 
until 31 december 2011 . with regards to the refrigerant 
used, the decision requires that its global warming po-
tential (gwp) must not exceed gwp value > 2,000 over a 
100 year period . if the refrigerant has a gwp of less than 
150 then the minimum requirements of the coefficient 
of performance (cop) and primary energy ratio (per) in 
heating mode and the energy efficiency ratio (eer) in 
cooling mode shall be reduced by 15% .

other hvac&r product groups for which eu ecolabel 

award criteria are currently under development/revision 
include an eu ecolabel for:

• buildings: a pilot study on developing eu ecolabel 
and green public procurement (gpp) criteria for 
“buildings” is being carried out . this could be an eu 
wide equivalent to the uk breeam scheme, which 
sets refrigerant requirements . 

• hydronic central heating generators (up to 400 kw): 
eu ecolabel and green public procurement (gpp) 
criteria (efficiency, greenhouse gas emissions, refrig-
erant etc) for hydronic central heating generators 
(including heat pumps) are being developed . there 
will be one label for all different types of genera-
tors, with oil generators having a disadvantage 
(high emissions) and heat pumps on the other hand 
having an advantage in meeting the award require-
ments . gwp refrigerant requirements could in 
theory be included, though in practice it seems not 
likely and will depend on stakeholder input received . 

• refrigerators: with hydrocarbons being the standard 
there is a discussion to lower gwp limit below the 
previous value of 15 .

in the future (2011-2015) the development of eu ecola-
bels for the following hvac&r related product groups 
are considered as priorities: 

• heating system (room)
• water heating system
• air conditioning
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naTional poliCies: leaders, followers & laGGards
besides the european union level, individual member 
states have set ambitious targets to either phase out 
hfcs and/or promote natural refrigerants directly . at the 
other end of the spectrum, some national rules continue 
to pose a major hurdle for the nr industry, due to inap-
propriate charge restrictions or system bans . the follow-
ing provides just a glimpse of three countries – 1 leader, 
1 follower and 1 laggard in the field of natural refriger-
ants – with different approaches to a natural refrigerants 
market uptake . 

deNMark
denmark has in place a combination of measures ena-
bling a transition to natural refrigerants: bans on all hfc 
uses except for applications with refrigerant charge be-
tween 150g and 10kg (statutory order no . 552 of 2 July 
2002 governing fluorinated greenhouse gases); and tax-
ation of f-gases at €20/tco2eq (consolidated act no . 208 
of 22 march 2001 on tax on certain ozone layer depleting 
substances and certain greenhouse gases) administered 
by the danish tax authorities (skat) . the tax act levies a 
green tax on the import of fluorinated greenhouse gases, 
to be paid to the danish government . the tax on indus-
trial greenhouse gases is differentiated: the gases with 
the greatest impact on climate are subject to the highest 
tax level, with a tax level in 2011 set at about €17 .5/kg 
for r134a and €50 .7/kg for r404a . the hfc tax is repaid 
when products containing hfcs are exported . a country 
where stricter than the eu-wide minimum requirements 
regarding f-gases are in place, denmark has seen two 
main trends regarding f-gases: 1) a more or less steady 
decline in imports of hfcs to denmark, since the peak in 
1998; and 2) overall f-gas emissions in decline .

the result for Nr: the ban has been the main driver ex-
plaining the fast growth in market uptake of for exam-
ple commercial refrigeration systems running on natural 

refrigerants in denmark . the main hfc-free refrigerants 
in use in denmark are co2 for supermarkets (see p .56),  
hydrocarbons for commercial refrigeration plug in cabi-
nets and domestic refrigerators/freezers, ammonia for 
industrial refrigeration, as well as ammonia and hydro-
carbons but also water for chillers .

GerMaNy
germany’s initiatives beyond the f-gas regulation, in-
clude projects supported under the national climate ini-
tiative (nci) and the international climate initiative (ici), 
funding for r&d and pilot projects related to the use of 
halogen-free substances, the promotional programme 
for climate protection measures in the field of commer-
cial refrigeration and the german refrigeration award 
that has so far recognised several hvac&r natural refrig-
erant products .

the national climate initiative, in particular, is support-
ing investment in more efficient and innovative tech-
nologies by the german industry . one example is the 
climate protection incentive programme for commercial 
refrigeration systems, which seeks to reap the potential 
for savings in costs, energy and co2 emissions by em-
ploying the technologies available on the market . since 
2009, the federal office of economics and export con-
trol (bafa) has deployed this programme in two areas: 
1) the refurbishment of existing refrigeration plants that 
have an annual energy consumption of at least 150,000 
kwh and potential savings of at least 35% to be gained 
through using more efficient components and systems; 
and 2) the construction of new units with an annual ener-
gy consumption of at least 100,000 kwh based on exclu-
sive use of natural refrigerants, such as ammonia (nh3), 
carbon dioxide (co2) or propane . in 2010, bafa granted 
authorisation for 204 plants, disbursed grants for net in-
vestment costs to the value of 10,177 million euros and 
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approved funding for an additional €7 .893 million . as a 
result, 45% average energy savings have been achieved 
by the subsidised plants .

the result for Nr: the funding programme has provid-
ed some stimulus for the co2 market in the german retail 
sector, as confirmed by several manufacturers . however, 
relevant players admit that funding opportunities are 
somewhat modest and only retailers have the option to 
apply for it, thus providing no strong incentive to sup-
pliers . also, at the international level, the international 
climate initiative (ici) has been supporting projects in 
developing countries, emerging economies and in the 
transition countries since 2008 . funded projects include 
hvac&r production plant conversions to natural refrig-
erants, or facilitating the development and introduction 
of standards for natural refrigerants .

fraNce
a french decree forbids the use of flammable refriger-
ants including hydrocarbon refrigerants in premises with 
access to the public such as supermarkets (arrêté du 14 
février 2000 —  etablissements recevant du public, arti-
cle ch 35: production, transport et utilisation du froid) . 
the same decree allows the use of ammonia in premises 
with public access, only if the following conditions are 
met simultaneously: 1) it is used in an indirect system; 2) 
the ammonia refrigeration system is located in a sepa-
rate machine room; and 3) the total amount of ammonia 
in a facility is limited to 150kg . this seems to have en-
couraged the continuation of hcfc use in the country at 
a larger share than other countries in europe . however, 
operators of facilities with public access will soon be fac-
ing the 2015 deadline whereby they will not be able to 
top up their refrigeration systems with reclaimed or recy-
cled hcfcs anymore and will soon after be expected to 
shift away from their use . 

the result for Nr: while regulatory restrictions render 
the use of traditional direct expansion ammonia systems 
in france practically very difficult, indirect ammonia sys-

tems with co2 secondary refrigerant, could satisfy the 
regulatory conditions specified in french regulations: 
ammonia is restricted in a plant room, the system is an 
indirect one, and the ammonia charge can be limited to 
50-100 kg . however, with hydrocarbons completely out 
of the picture, and limitations on the use of ammonia, 
hfcs are expected to be widely phased in as hcfc re-
placements .
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Co2 TransCriTiCal superMarkeTs in The european union

cOuntry
cO2 tc 

supermarkets
austria 5

belgium 13
czech republic 10

denmark 424
finland 20
france 2

germany 166
hungary 14
ireland 1

luxembourg 9
italy 6

norway 134
poland 5

portugal 1
slovakia 1

spain 1
sweden 89

switzerland 149
the netherlands 14

uk 267

total 1331

the following companies provided direct input for the Guide: Natural Refrigerants 
Market Growth for Europe

superMarkets
auchan (France)
coop (Norway)
booths (UK)
carrefour (France)
casino (France)
the cooperative (UK)
delhaize (Belgium)
kesko food (Finland)
migros (Switzerland)
sonae (Portugal)
spar (Switzerland)

suppliers
advansor
alpiq
carrier
cool-tec sa
enex
epta
frigo-consulting
green&cool
hauser
huurre
knudsen køling
Qplan
sabcobel
scm frigo
sabcolux
space engineering services ltd

associatioNs
akb – Authorized Refrigeration Installers Association 
(Denmark)

nvkl – Association of Refrigeration Engineering & 
Air Treatmant Companies (Netherlands)

vke – Refrigeration and HVAC Association (Norway)

frea – Refrigeration Enterprises Association (Fin-
land)
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Co2 TransCriTiCal superMarkeTs
in 2002 the first supermarket co2 transcritical (tc) sys-
tem was installed in coop lestans, italy . since then, 
europe has become the unrivaled technology and 
adoption leader for hfc-free commercial refrigeration 
systems . by early 2012, industry experts estimated that 
around 1,200 food retail stores were already using co2 
transcritical commercial refrigeration systems in the 27 
eu member states . this was in addition to the thousands 
of co2 cascade systems deploying carbon dioxide in 
subcritical state with another refrigerant that were op-
erating successfully in europe and beyond by that time . 
however, while an overall ballpark figure of 1000-1500 
co2 tc stores was assumed to be in the range of industry 
expectations, no single report or publication had ever 
attempted to list and track installations by eu member 
state . this was despite the fact that a more precise figure 
would be urgently needed by both technology leaders 
and legislators to quantify the future market potential of 
non-fluorinated gases, based on present figures and re-
gional variation in the speed of market adoption .

from march to november 2011, shecco conducted de-
tailed research among all major european supermarket 
chains, refrigeration system manufacturers and com-
ponent suppliers to get as close as possible to the ex-
act figure for co2 transcritical supermarket installations .  
16 food retail chains, 14 system suppliers and compo-
nent providers and 4 industry associations gave direct 
feedback regarding the number of installed systems, in 
addition to an analysis of available third party sources . in 
total, 106 supermarket chains, 34 system manufacturers, 
and 64 third parties - industry associations and not-for-
profit organisations - were contacted .

the leaders
when looking at the co2 transcritical supermarket map, 
four countries show significantly higher numbers of 

r744 installations than the others . denmark (424), ger-
many (166), switzerland (149), and the uk (267) have 
used very different tool sets combining voluntary stand-
ards, restrictions on refrigerant charges, taxation and in-
dustry initiatives . the following is a summary of each of 
these four co2 tc leaders: 

deNMark
up to 2/3 of all danish supermarkets are already running 
with co2 tc systems today . this is remarkable, given that 
the gradual replacement of old systems will continue 
into the near future, and that co2 cascade systems also 
have their market share . today, denmark is considered 
a pioneer and role model when it comes to legislating 
high global warming potential (gwp) refrigerants . dan-
ish policy is stricter than eu policy and largely explains 
the flourishing co2 transcritical commercial refrigeration 
market .

danish regulations, by and large prohibit the use of hfc 
gases and ozone depleting substances as refrigerants 
(see policy section) . whilst charges between 150 g and 
10 kg hfc per circuit are permitted, as well as factory as-
sembled heat recovery units with less than 50 kg, since 
2007 all other new refrigeration systems with charges 
above 10 kg have been prohibited .

complementing the hfc ban, in 2001 denmark intro-
duced a tax on the imports of bulk hfcs . the tax is 150 
dkr (approximately €20) per tco2eq . moreover, to pro-
mote the spread of natural refrigerants, the danish en-
vironmental protection agency has set up a knowledge 
centre for hfc-free refrigeration . 

denmark’s success in making the use of f-gases finan-
cially and technically prohibitive in food retailing within 
the shortest timeframe is lauded overseas in discussions 
on restricting the use of hydrofluorocarbons .

GerMaNy
the buoyant german market for co2 transcritical su-
permarket installations is largely thanks to an incentive 
scheme for commercial refrigeration using natural re-
frigerants run by the federal ministry for environment 
(bmu) . as part of the “integrated energy and climate 
protection programme”, at the end of 2008 the german 
government instituted a “climate protection incentive 
programme for commercial refrigeration plants” . this 
programme covers 25% of the net investment cost for 
new installations with a minimum energy consumption 
of 150,000 kwh per year using natural refrigerants . ret-
rofits of existing systems are also eligible to receive 25% 
of net investment costs, but must undergo an independ-
ent review to prove energy efficiency savings of 35% as 
a result of the new refrigeration system . bonus funding 
is available if the natural refrigerant system is non-elec-
trically powered, or if the waste heat from the refrigera-
tion systems is recovered . the incentive scheme applies 
to food retail chains .

retrofits of existing systems that do not use natural re-
frigerants but still operate with conventional fluids will 
be supported by only 15% of net investment costs, pro-
vided the system is more energy-efficient after .

switzerlaNd

in november 2004 the first co2 direct expansion refrig-
eration system was installed in a swiss hypermarket in 
wettingen . since then several supermarket chains have 
made the switch to co2 refrigeration systems, including 
leading retail chains migros and coop . the adoption of 
co2 transcritical installations in switzerland has been 
incentivised by a mix of the voluntary “minergie-label” 
and hfc regulation . 

the minergie-label is a voluntary standard, launched in 
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2007, by the swiss confederation, the swiss cantons and 
the principality of lichtenstein . it mandates proof of en-
ergy performance of heating, hot water, ventilation, re-
frigeration and air conditioning systems . for open cool-
ing shelves a maximum energy consumption of 4 mwh 
per metre is stipulated . a widely accepted trademark for 
new and refurbished buildings minergie . leading retail 
chains migros and coop have announced that they will 
only build stores complying with the minergie standard .

since 2004 “substances stable in the air”, such as hfcs 
have been tightly regulated in switzerland, making al-
ternative refrigerants such as co2 attractive as cooling 
solutions . the hfc regulation is contained in the ordi-
nance on risk reduction related to chemical products 
(orrchem) and encompasses licensing, reporting, leak 
checks, servicing and end-of-life requirements for equip-
ment containing more than 3kg of such refrigerants .

uk
unlike denmark and switzerland, the uk does not tax or 
regulate high gwp refrigerants . however, co2 transcriti-
cal refrigeration in supermarkets has rapidly been gain-
ing ground . the first uk system was installed in 2006 in 
swansea in a tesco supermarkets . since then the num-
ber of installations has grown steadily, with over 200 sys-
tems now operational . uk retailers have led the adoption 
of r744 refrigeration systems, and are ahead of many of 
their uk counterparts . uk climate change regulation, 
preparation for upcoming legislation, and ngo pressure 
have likely incentivised investments in co2 refrigeration .

uk climate change legislation includes the 2001 climate 
change levy (ccl) aimed at encouraging energy effi-
ciency and reduced greenhouse gas (ghg) emissions; 
and the 2008 climate change act, which sets a target for 
the uk to reduce carbon emissions to 80% below 1990 
levels by 2050 . both encourage investments in climate 
friendly, energy saving refrigeration technology . in ad-
dition momentum is growing in the uk for hfc phase 
out or taxation . in 2010 a “hydrofluorocarbon limitation 

bill” was launched . it may be expected that the uk will 
introduce stricter f-gases regulations, which will provide 
an impetus for a faster uptake of natural refrigerants in 
the country . 

in addition the enhanced capital allowances (eca) pro-
vide businesses with enhanced tax relief for investments 
in equipment that meets published energy-saving crite-
ria . there is a predetermined list of products (including 
commercial service cabinets and compressors) for which 
if installed, a business could qualify for receiving the al-
lowance . products that may be included in the eca list 
have to meet certain criteria as prescribed by “the en-
ergy technology criteria list” (etcl) . 

finally, the crc energy efficiency scheme (previously 
known as the carbon reduction commitment) man-
dates carbon emissions reporting for all organisations 
using more than 6,000 mwh per year, equivalent to and 
electricity bill of around £500,000 (€600,000) . as from 
2012 organisations covered by the scheme will be re-
quired to purchase ‘allowances’ from the government 
each year to cover their emissions from the previous 
years . the money raised by the sale of allowances will be 
cycled back to crc participants .
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real-life examples of successfully working technologies 
are the strongest arguments for spreading innovative so-
lutions, engaging legislators and convincing end-users . 
from the multitude of existing natural refrigerants-based 
systems, this section presents a selection of outstanding 
examples, covering residential, commercial and industri-
al heating, air-conditioning and refrigeration solutions .

included are examples from europe-based suppliers: 
hydrocarbon chillers in a danish hospital, co2-based do-
mestic heat pumps from france, low-charge ammonia 
chillers and co2 quick freezing solutions in the fish pro-
cessing industry, high-efficiency r744 compressors, 400 
successful co2 supermarket installations, and more . 
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intrOductiOn
since 2006, european retailers have been making the fast transition from hfc to the 
better refrigerant co2 in their supermarkets . denmark came to be the pioneering 
country with co2 taxation and a ban on hfc charges above 10 kg, meaning there was 
no other choice for the retailers than to move to natural refrigeration solutions . for 
these reasons, denmark has a higher penetration rate of co2 systems than any other 
country in the world . during 2007 and 2008 other european retailers introduced their 
first trial stores and co2 has been an ever growing success and widely considered the 
future choice for supermarkets .

this  case study takes a look at the regulatory instruments and technical benefits behind 
the success of rolling out co2 in approx 1 .500 european supermarkets .

aBOut the system
the standard transition pattern (trend) seen, is movement from hfc to cascades of hfc/
co2 and then to pure co2 booster systems in the final step . the co2 booster principle is 
a lot more simple, it looks almost like the normal hfc unit, it is proven more efficient in 
most of europe and it is proven more reliable than the cascade systems . 

500 eXperienCes wiTh Co2 in superMarkeTs

aBOut the cOmpany
advansor is a leading oem manufacturer of sustainable 
thermal systems for the production of heating and 
cooling in supermarkets, cold stores and freezing 
facilities with co2 as the refrigerant .

more information at:  
info@advansor .dk and www .advansor .dk

cOntact infOrmatiOn
torben m Hansen 
torben .hansen@advansor .dk
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the preferred system in the retail industry is dual temperature co2 dx booster systems . 
because co2 is highly suitable for heat recovery to tap water and to building heating 
such integrated solutions are commonly applied to improve the overall energy 
efficiency of the building even further .

the advansor solution contains only one refrigerant, co2, and offers obvious 
environmental benefits as well as energy savings . 

results 
energy efficiency
results of cycle simulation using dry hourly data show that a simple co2 booster 
system offers superior performance to cascade systems in colder regions of europe and 
comparable energy consumption even in southern europe . the results comply very 
well with field measurements . furthermore, the results are interesting because the co2 
process below can be improved by various means, additionally 5-10% in the warmer 
climates . 

summary
summary overview of incentives for retailers refrigerant transition to co2 in different 
countries:
•	denmark: hfc taxation, hfc ban, energy savings
•	norway : hfc taxation, energy savings
•	sweden and finland: energy savings
•	switzerland: rules and energy savings
•	uk: carbon footprint reduction schemes

all through europe, co2 has been implemented safely and reliably as well as proving its 
benefit for the environment and energy reductions .

energy index to co2 dx booster

city
hfc with  

secOndary’s
cascade  

(hfc134a / cO2)

stockholm (sweden) 134 120

oslo (norway) 134 120

paris (france) 127 113

lyon (france) 123 109

marseille (france) 117 103

barcelona (spain) 116 103

heat recovery as mentioned above is more beneficial with co2 than for any other 
refrigerant because the hot gas temperature is warmer and the energy density is higher . 
furthermore, the heat extraction can be controlled much better to match the building 
online capacity demand .  recent swiss field investigations comparing r134a and co2 
report up to 40% increase of heat recovered at normalized refrigeration power input .
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intrOductiOn
carbon dioxide (r744 - co2) is nowadays considered one of the most attractive 
long-term solutions for many kind of application . the compressor represents one 
of the most critical components in co2 transcritical applications . in designing co2 
compressors several challenges have to be overcome, mainly linked to the refrigerant 
thermodynamic characteristics, like high discharge temperatures (up to 200°c), which 
impacts on both oil temperature and refrigerant suction temperature and density . this 
affects lubrication as well as the compressor volumetric and isentropic efficiency . 

different design concepts impact on compressor heat transfer and dissipation . 
improving discharge gas heat rejection it is possible to increase both compressor 
reliability and efficiency . the main results of several design experiments are summarised 
and described below .

aBOut the system
a new generation of co2 transcritical compressors has been developed, with 
displacements ranging from 1 .1 m3/h to 26 .6 m3/h and motor power ranging from 1 .5 
hp to 40 hp . the newly developed compressor ranges (cd200, cd300, cd400) offer the 
largest choice in terms of available models, making it possible to realize installations 
of any size, from residential to commercial and industrial ones . compressors are 
developed in semi-hermetic platforms with 2 and 4 cylinders . compressors are able 
to operate in a very broad application envelope, with working pressures up to 150 bar; 
qualifcation life testing highlighted how robust the compressors are, able to work with 
differential pressures up to 120 bar and 200°c discharge temperatures . 

the compressor model tested was cd1900h, 11 .62 m3/h, 20 hp . due to the very high 
end of compression temperature, particular focus has been given to the heat rejection 
at the high pressure side of the compressor . two main design experiments (a and b) 
were carried out and tested, shown in figure 1 and figure 2 .

dorin, Co2 TransCriTiCal CoMpressors

aBOut the cOmpany
dorin entered the field of refrigeration in 1932 with its 
first open-drive compressor range . the first co2 trans-
critical type was commissioned in 1999 . today, dorin 
produces more than 70,000 compressors per year .

more information at:  
http://www .dorin .com

cOntact infOrmatiOn 
giacomo pisano 
g .pisano@dorin .com
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concept b has the intention to thermally separate the head high pressure side (red) 
from the head low pressure side (blue) and the compressor body . by dissipating the 
heat to the ambient thanks to convection to surrounding atmosphere, this avoids or 
limits heat thermal conduction to the compressor body and, especially, to the oil sump .

results 
compressor model cd1900h was thoroughly tested in two concepts and was equipped 
with pressure and temperature sensors to monitor its behaviour and performances: 
•	a coriolis mass flow meter was used to measure refrigerant flow and a wattmeter 

has been used to measure compressor power consumption .
•	a 68 cst nominal viscosity oil (pag) has been used as the lubricant .

the two concepts were tested in equivalent rating conditions and the main operational 
parameters were recorded and analyzed . 

experimental results are summarised and shown in figures 3 and 4 .

figure 3 highlights important aspects relating to compressor reliability . the design 
of experiment b brings about a consistent reduction of both end of compression 
and lubricant temperatures thanks to the aforementioned thermal heat dissipation . 
therefore, design of experiment b is preferable as it leads to several advantages, for 
instance:

•	 lower end of compression temperature, leading to lower oil cracking risk
•	 lower lubricant temperature, leading to oil lubricity increase with consequent 

increase of compressor lifetime
figure 4 offers a clear indication of why the design of experiment b is to be preferred, 
since it greatly out-performs the design of experiment a both in terms of volumetric 
and isentropic efficiencies .

cOnclusiOns
as predicted, consistent benefits arise from the enhancement of the heat dissipation 
from the compressor high pressure side to the surrounding ambient, both in terms of 
reliability and performance .

a new transcritical co2 compressor generation is now available for many kinds of 
applications, featuring the technical advantages described in this case study .

Figure 3: Discharge and oil temperatures for 
Design of Experiment A and B

Figure 4: Volumetric and Isentropic efficiencies 
for Design of Experiments A and B 

Figure 1: Design of experiment A Figure 2: Design of experiment B
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intrOductiOn
in recent years the use of co2 as a refrigerant especially for freezing of food has 
increased all over the world . the benefit of lowering the temperature is faster freezing 
times . a 10 k lower freezing temperature gives 25% quicker freezing time, enabling 
a higher throughput on the same footprint using the same freezers . this is widely 
appreciated especially in the fishing industry and even more so onboard ships where 
space is critical . in this specific project the system is land based and the fish is produced 
in cages at sea . the lower freezing temperatures here give a quality product, which is 
appreciated by the end consumers .

aBOut the system
the system installed has to fulfil following requirements:

•	freezing of whole salmon in iQf 1 (spiral freezer) . frozen product 4-6 metric tons 
per hour . capacity required 600 kw at te=-47˚c

•	freezing of salmon filets in portions in iQf 2 (spiral freezer) . frozen product 1,5-2 
metric tons per hour . capacity required 200 kw at te=-47˚c

•	cold-store kept at -28˚c . room volume 7800 m3 . 40 metric tons food stuff in and 
out per day . capacity required 100 kw

•	3 refrigerated rooms at +2˚c and a total cooling requirement of 65 kw
•	heating of freezing area . heating load calculated to 180 kw
•	floor heating of marshalling area and cold-store

during the installation a desire for hot tap water for washing came up

the provided solution is a cascade co2/nh3 system with a total cooling capacity of 800 
kw at -47˚c . the +2˚c rooms are cooled by a separate glycol heat exchanger in the 
ammonia system . defrost is performed by using the fans .

QuiCk freezinG salMons aT nordlaks as, sTokMarknes, norway

aBOut the cOmpany 
since its start in 1885, Johnson controls has grown 
into a global leader in building efficiency, automotive 
experience, and power solutions . Jci is one of the 
leading companies of refrigeration and chiller solutions 
based on natural refrigerants . it offers products and 
services that optimize energy use and improve comfort 
and security .

more information at:  
www .johnsoncontrols .com

cOntact infOrmatiOn
Alexander Cohr pachai 
alexander .c .pachai@jci .com 
(+45) 8736 7159
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the system has now been in operation for a couple of years and the customer said at a 
presentation in norway that the company was a little bit sceptic in the beginning but 
now that it has proven to work he would not hesitate to take the journey again . 

sOme facts aBOut cascade vs . 2-staGe ammOnia
the cascade system is designed for te/tc = -47,5/42˚c . tc co2 -7˚c and -12˚c for the high 
stage compressors

we have simulated a two-stage ammonia system for the same conditions with an open 
intercooler with a temperature at -12˚c

the results are as follows:
•	11 times larger swept volume on the low stage ammonia system
•	8% higher energy consumption

if we then assume the -47˚c in the iQf freezers and 100 meter return line, 10 bends and 
a circulation ratio of 2 and a pressure loss of 0,5 k we get: 
•	two stage ammonia dn 300
•	cascade system dn 150

since the heat capacity of ammonia is higher than co2 we get following liquid lines:
•	two stage ammonia dn 40
•	cascade system dn 65

another advantage of the cascade system is that the ammonia high stage now only 
operates at pressures well above the ambient pressure and therefore there is no need 
for air purger and no water enters the system .

results 
the experience with the plant shows that this concept is very reliable and high 
performing . when the iQf freezers are in operation there is only a temperature 

difference of 5 k between the room temperature and the evaporating co2 . 

the required swept volume is only about 10% of the comparable two-stage ammonia 
system on the low stage .

the return lines are remarkably smaller . the liquid lines are bigger but it makes only a 
negligible difference .

the customer nordlaks as are very happy with the performance of the system .
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intrOductiOn
Johnson controls has built and supplied a small ammonia unit for keeping a storage 
cold for ready for sale products . the room temperature is +10°c

in denmark the maximum charge when using hfc refrigerants is 10 kg . this could be 
interpreted as the reason for going ammonia . however, in this case the main reason for 
using ammonia is the company policy to reduce its carbon foot print and using natural 
refrigerants is one of the ways novo nordisk hopes to do that .

aBOut the system
the high efficiency of ammonia helps to reduce the running cost of the system . the 
inverter insures that the compressor can adjust the capacity to the requirements at 
any time of day giving an optimal efficiency . the compressor furthermore has two un-
loaders allowing the load to become relatively low before the compressor is cut out . 

as the final product is temperature sensitive the reliability of the chiller is very important 
to the customer . the design and the way the system works is regarded as so safe that 
the customer has decided only to install one unit instead of two .

the compressor is inverter driven which gives a very high efficiency especially in low 
load periods . the unit is placed on a roof which makes the installation very simple to 
access and it presents no problems if a new compressor needs to be installed in case of 
an unexpected break down .

sMall aMMonia Chiller Cold rooM CoolinG

aBOut the cOmpany 
since its start in 1885, Johnson controls has grown 
into a global leader in building efficiency, automotive 
experience, and power solutions . Jci is one of the 
leading companies of refrigeration and chiller solutions 
based on natural refrigerants . it offers products and 
services that optimize energy use and improve comfort 
and security .

more information at:  
www .johnsoncontrols .com

cOntact infOrmatiOn
Alexander Cohr pachai 
alexander .c .pachai@jci .com 
(+45) 8736 7159
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Gas reference Gwp

carbon dioxide 1

methane other: gwp20 62

nitrous oxide other: gwp20 275

hfc-134a other: gwp20 3300

hcfc-22 other: gwp20 4800

other: hfc-407c other: gwp20 3605

other: propylene other: gwp20 3

other: hfc-404a other: gwp20 5588

other: hfc-507 other: gwp20 5700

other: propane other: gwp20 3

the very top management of novo nordisk is focused on global warming as an important 
problem and therefore it has been decided to avoid the use of hfc refrigerants . the 
global warming potential (gwp) values below used are the 20 year integration times 
as seen in a declaration .

ammonia chillers are used in many places but the gwp is 0 and is therefore not 
reported in the table above .

results
Johnson controls has built and supplied the customer an ammonia chiller for cooling 
propylene glycol that in turn cools a cold room for storage of ready for sale products . 

the supplied unit is one of the biggest in this capacity range from about 45 kw to 160 
kw . the design results in a minimal foot print for the unit . the low charge of the system 
is attractive in places where an unexpected release of refrigerant can cause problems 
with neighbours . 

the customer nordlaks as is very happy with the performance of the system .
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intrOductiOn
following the ban on the installation of new r22 systems and the ban on using virgin 
r22 from year 2000 in denmark the government has introduced a maximum charge 
when it comes to hfc of 10 kg . multiplexing systems using 10 kg or less are not 
allowed unless they can be proven to be more efficient than alternatives . furthermore 
the government has introduced a taxation on hfc refrigerants based on the global 
warming potential (gwp) values for the individual refrigerants . the tax is collected at 
the importers point of sale . 

aBOut the system
in light of this ban and tax aarhus university hospital skejby had to make a decision 
regarding their future chiller systems for cooling different locations aroud the hospital 
and also regarding the condensers of refrigeration systems in different hospital sectors 
and research labs . 

Chillers and heaT puMps based on hydroCarbon refriGeranTs insTalled aT aarhus 
universiTy  hospiTal skejby

aBOut the cOmpany 
since its start in 1885, Johnson controls has grown 
into a global leader in building efficiency, automotive 
experience, and power solutions . Jci is one of the 
leading companies of refrigeration and chiller solutions 
based on natural refrigerants . it offers products and 
services that optimize energy use and improve comfort 
and security .

more information at:  
www .johnsoncontrols .com

cOntact infOrmatiOn
Alexander Cohr pachai 
alexander .c .pachai@jci .com 
(+45) 8736 7159

r600a r600a r744 r744

40˚c/70˚c 40˚c/80˚c 40˚c/70˚c 40˚c/80˚c

cop heat 3,7 3,3 2,9 2,9

assumptions te=5˚c te=5˚c te=5˚c te=5˚c

tc=68˚c tc=78˚c pc=110bar pc=110bar

sc=25k sc=25k

nh3 (ammonia) was not considered as an option for the heat pumps as the technology 
was not developed at this point in time and will not be competitive in this size of 
application .
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to choose the future systems a comparison was made between r600a and r744 . had 
warming of the water to higher temperatures been a requirement the r744 would 
have come out as the best candidate but for this application and site the r600a looked 
more promising for the heat pumps . 

for the chillers the preferred solution was r290 . the 9 chillers each have a cooling 
capacity of 250 kw at 9˚c/15˚c using 27˚c as ambient design temperature . the cooling 
media circulated to the hospital is 35% propylene glycol and this is to cover the needs 
for the existing build area that covers 160 .000m2 . the future extension will cover 
another 190 .000m2 . 

the replaced r22 chillers were reaching the end of their service life and the experienced 
leak rates were making an exchange necessary because it was becoming more difficult 
to keep getting recycled r22 in a market where most of the recycled material was 
imported from other countries where the r22 era was coming to an end when it comes 
to virgin r22 .

the required hot water supplies are 70˚c in the summer period and 80˚c in the winter 
period . it is important to note that there is always a cooling need also in the winter 

months, to some extent generated by locally installed refrigeration systems .

 kw

cooling chillers 2250

cooling hp as chiller 150

cooling from hp 150

freecooler 300

heating capacity 450

results
the system is running perfectly well after some surprises on the regulation side . there 
are some conditions that have to be thought through . one of the essential questions 
was: is a heat pump primarily a refrigeration unit or is it a heat pump? the lesson 
learned is that it is essential to know if the heating load exists at the same time as the 
cooling load .

at the end of the project the customer was very happy with the new system and is 
pretty impressed with what has been achieved within the project, which also has a 
value in it self .
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intrOductiOn
reducing co2 emissions is a clear leitmotiv for anyone concerned about the planet . 
concrete targets have now been adopted by the european union to promote green 
technologies and reduce energy consumption through the famous “3 x 20” . against 
this backdrop, sanden has decided to use core know-how in heating and cooling 
technologies: in order to reach the target for primary energy consumption in single 
family dwellings of ~50 kwhpe/m² year, investigating the development of better 
domestic hot water (dhw) systems .

aBOut the system
sanden has been providing so called “eco cute” solutions to the Japanese market for 
several years . however, importing this technology adapted to the specific needs of 
nippon end users does not conform to its philosophy: the technology has to fit to the 
market, not other way round . this is the reason why a complete survey of the market 
needs has been conducted in order to define the design criteria that would lead to the 
best performances before starting any development .

the conclusion of this study was that co2 is the best possible refrigerant for reaching top 
level seasonal performances (seasonal coefficient of performance “scop” or seasonal 
performance factor “spf”) . this is due to a 100% thermodynamic mode over the full 
range of temperature, without any electrical back-up, and to co2 thermophysical and 
transport properties . by combining those performances with its truly green identity, 
co2 is clearly overtaking classically utilized hfc refrigerants, such as r134a .

in order to confirm in situ those specifications, sanden decided to conduct a field 
testing campaign of 10 products in one of the coldest area in france . a two and a 
half year development was necessary to reach the final product design, fulfilling all 
requirements for end users as well as giving to the european market a solution for 
producing really “green” domestic hot water .

aQuaeCo2 by sanden: The firsT Co2 waTer heaTer Tailored To european needs

aBOut the cOmpany
the sanden corporation, born in 1943, currently 
located in 23 countries, develops and produces full 
automotive ac loops, refrigeration retail systems, 
vending machines and thermal comfort appliances 
for buildings . this full products range is recognized 
worldwide for its high quality and reliability, as well as 
related services . aquaeco2 is developed and produced 
by sanden manufacturing europe in france .

more information at:  
www .sanden-europe .fr

cOntact infOrmatiOn
Sylvain gillaux 
 info@sanden-europe .fr
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results 
Observations of the field testing campaign:
real on-site performances and comfort levels have been achieved, ensuring the 
satisfaction of 10 families for almost 3 years now . in addition, 2 last generation 
prototypes were installed one year later in order to validate our mass production 
design: those have been running for almost 2 years .

sanden observed an spf level reaching the initial target of 3, meaning that the dhw 
heat pump clearly takes advantages of the properties of co2, allowing to heat up water 
over the year without any electrical back-up .

a key figure of this field testing campaign is the system performance under extreme 
conditions (outside the theoretical temperature range) of outside air temperature of 
-19°c: cop level was still at 1 .6, which is twice as good as any electrical resistance boiler . 
it illustrates why co2 allows a much better spf compared to any other thermodynamic 
boilers using hfc, which cannot operate without electrical back-up under negative 
temperatures .

end users satisfaction:
comfort is a key indicator for rating a dhw system: the advantage for a dhw heat 
pump is that it can heat up extremely quickly . starting from a fully cold water tank, 20 
minutes are enough to take a shower and 2 hours to entirely heat up the stored water . 
this feature allows a reduction in the volume of the tank to 150 litres at 65°c, which 
means improving the spf by decreasing the static losses . 

as a consequence of its high heating capacity, aquaeco2 is able to provide sufficient 
hot water to different family sizes (2 to 12 people) .

really green system:
aquaeco2 combines very low energy consumption through high performances with a 
truly green refrigerant . without considering the advantages of the performance, the 
refrigerant choice by itself represents huge savings in terms of co2 emissions . 

Installation and maintenance easiness:
aquaeco2 has been designed for an extremely easy indoor installation, in order to ensure 
that its inherent performance level is not damaged by a non-optimized installation . in 
addition, the flexible product layout (vertical or horizontal) allows to adapt to almost 
any type of house .

local production
following a development jointly managed by both Japanese and french engineering 
teams, the manufacturing is exclusively handled by the already existing sanden 
manufacturing europe plant in tinténiac (brittany, france) .

Summary:
•	always available dhw
•	 intelligently adapted to european needs
•	truly ecological system 

– high performance: top of the class spf for low energy bills 
– natural, non flammable, non toxic refrigerant 
– life-cycle analysis : setting new references

•	cop = 3 .2 according to en16147 standard conditions
•	very quiet  (40dba)
•	reliable: based on a technology (co2 inverter) used for several years in Japan and 

tested in the field in europe
•	easy indoor installation (vertical or horizontal) and maintenance 
•	made in france
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intrOductiOn
robert wiseman dairies (rwd), the largest fresh milk supplier in the uk, uses significant 
amounts of cooling to maintain food freshness, together with heat, which is used for 
pasteurisation and cleaning in place (cip) . climate and environmental protection are 
high priorities at rwd:
•	by 2030, rwd plans to eliminate synthetic refrigerants from its plants and replace 

them with natural substances;
•	by 2015 the company aims to reduce its gas consumption .

with these considerations in mind a design study was undertaken to incorporate an 
ammonia-based heat pump that would use waste heat from the refrigeration cycle 
to boost pasteurising temperatures and thereby remove the need for a natural gas 
boiler . following the study, an innovative ammonia heat recovery unit was installed in 
partnership with gea .

aBOut the system
the project objective was replace 3 ageing r22 water cooled chillers with a capacity 
of 2,500 kw with a central ammonia based refrigeration plant . although replacing 
the r22 chillers with an nh3 solution would give significant performance increases, 
the increased capital cost resulted in a poor return on investment (roi) of 11 years . 
to improve the roi gea proposed a comprehensive solution including refrigeration 
capacity and the recycling of process and exhaust heat .

in a typical dairy such as the rwd manchester site, the milk is cooled down to 2°c when 
it arrives, then a boiler is used to generate steam, which is used to pasteurise the milk, 
and through refrigeration the heat is removed using an evaporative condenser, cooling 
the milk back down to 2°c . this process generated a lot of waste heat . to improve the 
process a heat pump was put forward as a solution for the dairy’s heating requirements, 
providing 80°c water for the pasteurisation process to replace the steam .

Gea add on heaT puMp for dairy heaT reCovery

aBOut the cOmpany 
gea refrigeration technologies is a leading global 
group in industrial refrigeration . gea designs, 
engineers, installs, and maintains innovative key 
components and technological solutions .

more information at:  
www .geagroup .com

cOntact infOrmatiOn
Henrik Winther 
henrik .winther@geagroup .com
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the gea solution consists of a three-stage cascade system:
•	the first stage includes thee gea grasso v 1100 speed-controlled refrigeration 

units . these cool the glycol-water circulation system to t0 = -5°c, with a tempera-
ture of tc = 16 to 35 °c achieved on the compressor side;

•	the second stage features one gea grasso 810 compressor, which has a t0 of 16 to 
35 °c, and raises the temperature to 43°c; 

•	the third stage features two gea grasso 65hp heat pumps that raise the tempera-
ture from 43°c to 80°c .

the heat pumps use not only the exhaust heat from the refrigeration units but also 
virtually all waste heat produced in the entire plant .

results 
following the feasibility study for the ammonia system proposed by gea, which 
showed net saving in utilities and a return on capital expenditure of 1 .5 years, robert 
wiseman dairies decided to invest in the combined central ammonia refrigeration 
plant and heat pump . 

the investment meant there was no need for a boiler, which displaced a significant 
amount of gas, which as projected improved the payback . the capacity of the ammonia 
units, which is about 1mw, suffices not only for the pasteurisation but can also serve for 
the clean-in-place units .

the end result for rwd has been:
•	a saving in co2 per year 1,135,000kg
•	a net reduction in electrical energy for refrigeration and heating of 20%
•	a reduction in gas usage of 52% from 6,470 cu . ft to 3,200 cu . ft (52%)
•	a water reduction of 50%
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intrOductiOn
dutch company vezet is one of the companies helping to meet the demand for 
packaged fruits and vegetables . this family-owned business has grown as the range 
and type of produce it can process has increased . today the company is the largest 
vegetable and fruit processor in the netherlands and produces 220 million units 
annually, expected to reach 330 million units in 2015 . vezet supplies major retail chains 
and food service companies with a wide variety of high-quality fresh cut, ready-to-cook 
vegetables, ready-to-eat salads and fruit salads .

an essential part of the process is keeping the food at the right temperature to preserve 
freshness . this is where refrigeration and cooling comes in . but, like many companies, 
vezet has the challenge of replacing its refrigeration to meet regulations to eliminate 
the use of ozone-depleting man-made refrigerants in favour of natural refrigerants 
such as ammonia . this replacement has to be done without interrupting production .

aBOut the system
currently gea grenco is assisting vezet to produce a master plan to transfer all old 
hcfc/hfc installations to ammonia refrigeration installations . the first ammonia plant 
was installed in 2007 – separate from the main factory – from which a cold carrier is 
supplied to various storage rooms . the second phase, in 2010, was to connect the 
ammonia plant to the main factory . this involved partly demolishing a factory building 
without obstructing the flow of goods between the two factories .

gea grenco supplied and installed air handling units, air coolers, compressors, 
condensers and heat exchangers – all tailor-made to vezet’s requirements . the 
ammonia compressor room established in 2007 was erected in a temporary position 
and will be re-used in a later phase of the master plan on a different location on the 
premises .

this plant now includes the following:

•	two grasso duopack units of 800kw (-11°/+35°c) each, and a receiver with two 
shell & plate heat exchangers

•	an evaporative condenser and two gea küba air-cooled condensers with ss tubes, 
which can be found in the hybrid condensing part of the plant;

•	a secondary system with the food safe cold carrier temper® set up in a separate 
cold system (-8°/-2,5°c) and a separate warm system (+24°/+30°c) .

aMMonia insTallaTions by Gea GrenCo aT larGesT duTCh veGeTable and fruiT proCessor

aBOut the cOmpany 
gea refrigeration technologies is a leading global 
group in industrial refrigeration . gea designs, 
engineers, installs, and maintains innovative key 
components and technological solutions .

more information at:  
www .geagroup .com

cOntact infOrmatiOn
Henrik Winther 
henrik .winther@geagroup .com
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the warm system is used for defrosting the air coolers and heating of the air- handling 
units in the cleaning mode of the areas . this warm system is heated by means of heat 
recovery of the oil cooling system of the compressors and a desuperheater in the 
ammonia discharge line .

during the process of the erection of the plant the demand for more cooling grew . at 
the end of the second phase of the project in 2010 the installed cooling-capacity on 
air coolers, heat exchangers and air handling was increased to over 3mw while the 
installed refrigeration machinery was still the initial 1 .600kw

results 
gea grenco has a long history in the design, erection, operation and maintenance of 
ammonia plants . ammonia is considered to be a safe and very efficient refrigerant . 
vezet is familiar with the ins and outs of ammonia and have operated a large icewater 
plant with ammonia since the mid 90’s .

in the netherlands refrigeration plants operated with natural refrigerants, such as nh3, 
can be subject to tax deduction on the investment if certain design parameters are 
followed . 

cop’s are usually better with ammonia compared to most other refrigerants . in this 
particular case the efficiency of the whole of the plant should be taken in account . 
by means of a sophisticated control system with gea grenco software design, the 
use of proportional controls on valves, fans and pumps and an adaptive evaporation 
temperature control, it was possible to dose the cooling demand in such a manner that 
the plant was never operated at its limits so energy consumption is consequently low .

vezet is very satisfied with the performance of the plant and the support of the gea 
grenco organization . gea grenco is now in a quotation process for the next steps in 
establishing the master plan .

in the phase coming up now a new refrigeration compressor room of ~ 4mw will be 
installed . a next step will be the phase out of the remaining hcfc/hfc installations and 
replace these with another nh3-temper plant .
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intrOductiOn
in close cooperation with the largest food retail customers, carrier commercial 
refrigeration has accrued sound co2 refrigeration technology experience with the 
launch of its innovative co2oltectm refrigeration system, which has more than 370 
transcritical installations covering all retail store formats . carrier’s engineering team 
has accumulated an invaluable quantity of critical data positioning co2oltec as the 
leading co2 transcritical refrigeration system based on energy efficiency, reliability and 
sustainability . 

in denmark and switzerland the refrigerant co2 has become a technical standard for 
medium and low temperature refrigeration . 

carrier has the right refrigerant solution for every application, but not every application 
will use the same refrigerant .

aBOut the system
co2oltec provides both low temperature and medium temperature refrigeration 
solutions for all retail shop formats . the total impact of a refrigeration system in terms 
of greenhouse gas emissions, also called tewi (total equivalent warming impact), is 
derived from the indirect emissions (energy consumption) and the direct emissions 
(refrigerant leakages) over the life-cycle of the refrigeration system .

Carrier CorporaTion business Case for Green CoMpeTiTiveness

aBOut the cOmpany 
carrier corp ., a unit of united technologies corp . 
(nyse:utx), is the world’s leader in high technology 
heating, air-conditioning and refrigeration solutions . 
carrier experts provide sustainable solutions, 
integrating energy efficient products, controls & 
services for residential, commercial, retail, transport 
and foodservice customers .

more information at:  
www .carrier .com 
www .carrier-refrigeration .com

cOntact infOrmatiOn
lothar Serwas 
lothar .serwas@carrier .utc .com
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results 
Benefit for the environment as compared to the previous solution: 
low temperature compressors are connected directly to the suction side of the medium 
temperature compressors . this system configuration is referred to as a ‘booster design .’ 
the booster design, coupled with the advantages of not requiring oil separators 
and associated components, increases the efficiency of the co2oltec system by an 
average of 10 percent versus a traditional hfc system or a co2 cascade system in mild 
to cold climate conditions . these efficiency gains are proven with measured energy 
consumption data in several system comparisons done by the food retail chains and 
by carrier .

attractive energy savings can be obtained with average annual temperatures of 
up to +15°c . this fact is in line with main results of the epee ‘eco-efficiency study 
of supermarket refrigeration’ . for reference, the annual average temperature in: 
stockholm, 7°c; paris, 12°c; london, 11°c; milan, 13°c; madrid, 14°c .

compared to a conventional hfc direct expansion refrigeration system, a co2 
installation has no direct emission impact due to refrigerant leaks . a typical refrigerant 
leakage rate of 10 percent per year generates nearly half of the equivalent co2 emissions 
by a supermarket refrigerating system, if the refrigerant r404a is used . these direct 
emissions can be fully eliminated, if the natural and climate neutral refrigerant co2 is 
used . 

for example, the potential reduction of greenhouse gas emissions for a hypermarket is 
equivalent to the co2 emissions of over 400 cars* .

cumulated reduction of the co2 emissions by more than 370 stores equipped with 
co2oltec:
•	the reduction of co2 equivalent tons from 183 .100 tons down to 93 .400 tons result 

in a cumulated reduction of the co2 emissions by 89 .700 tons which equals the 
take out of 27 .600 average cars* from the streets by end of december 2011 .

financial benefits: 
with co2oltec refrigeration systems, storeowners select a reliable and environmentally 
responsible solution . co2 has the advantages of being a natural and cost-effective 
substance that enables storeowners to avoid refrigerant taxes and reduce their impact 
on the environment . the co2oltec user can save energy, f-gas regulation related costs 
and refrigerant costs over the full lifetime of the system .

*Average car using 0.12 kg CO2/km; run time 15,000 km per year

Combining refrigeration and heating:
carrier has developed a compact factory-built, standardized, add-on heating system, 
co2olheattm, which includes heat exchanger, water pump, optimized co2 and hydraulic 
loop controls and full remote monitoring capability . aligned in an optimum way to the 
co2oltec refrigeration system, it is designed to utilize 100 percent of the available heat . 
smart control algorithms provide the possibility to eliminate conventional heating 
sources almost entirely . high-energy efficiency, robust design, reliable operation and 
very attractive payback times make the new carrier co2olheat system the optimum 
addition to the existing product range .

in comparison to conventional refrigerants, co2 is the preferred solution for all aspects 
of supermarket refrigeration applications in mild to cold climate conditions in terms of:
•	sustainability
•	reliability
•	energy efficiency

today, the industry is already working on a next generation of co2 systems for warm 
climates .

keeping always in mind that the environment is precious .
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intrOductiOn
green & cool is the market’s leading supplier of refrigeration systems that use 
environmentally-friendly carbon dioxide as a refrigerant . based in sweden, the company 
has grown rapidly since being established in 2007, and now distributes carbon dioxide 
refrigeration systems globally .

more information at: www.greenandcool.com

green & cool was founded in 2002 by two entrepreneurs in sweden, who could see the 
huge market potential in carbon dioxide refrigeration . they weren’t wrong, and in a few 
short years they’ve became the market’s leading supplier, distributing co2 refrigeration 
systems across the globe . alfal laval, one of the world’s leading manufacturers 
of air coolers and heat-exchangers, has also been quick to realise that the future of 
refrigeration lies in co2, so it is only natural that they’ve become a supplier to green & 
cool . 

however the problem with being at the forefront is that you need everyone else to 
catch up, and today the market for co2 refrigeration is being held back by a shortage 
of expertise . 

“we recognise that there is a lack of knowledge in the industry about this new 
refrigerant . it is one of the barriers holding back its spread,” says micael antonsson, 
technical director and co-founder of green & cool . “we want to get everyone educated 
so that they feel secure in handling it . a lot of people think its rocket science but really 
it’s the same technology as they come into contact with in their everyday jobs .”

ClosinG The knowledGe Gap

aBOut the cOmpany 
alfa laval has been a world-leading manufacturer 
of heat transfer, separation and fluid handling 
technologies, for more than 125 years . today their 
products are used in a variety of industries including 
food and water supply, energy, environmental 
protection and pharmaceuticals .

more information at:  
www .alfalaval .com

cOntact infOrmatiOn
patrik ek 
patrik .ek@alfalaval .com

Klaudija Cavala 
klaudija .cavala@alfalaval .com
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aBOut the academy
in response, the green & cool academy has been created, which is essentially a training 
course in transcritical co₂ technology for refrigeration technicians . over two days, the 
course covers an extensive range of areas, from a general introduction to the technology 
to practical demonstrations of the equipment . it is offered in german, english, french, 
dutch, polish and all of the nordic languages .

in recent years, alfa laval has also chosen to prioritise co2 technology and has become a 
leading manufacturer of co2 cooling systems . currently they are the only manufacturer 
that can supply air coolers and plate heat exchangers for high-pressure units . alfa laval 
recently launched the optigo range, a new series of commercial air coolers, designed 
for 80 bar pressure with small copper tube diameter optimised for co2 . 

consequently, alfa laval also has a vested interest in expanding the knowledge of such 
technology within the industry, and so have leant their support to the green & cool 
academy .

“this is clearly a growing market, particularly in nordic markets and the uk,” says 
göran hammarson, key account manager, alfa laval . “but we can see that there is a 
lack of knowledge . every time there is something new, there is resistance, and there 
are currently far fewer producers of machinery compared to traditional refrigeration 
equipment .”

alfa laval’s main contribution to the green & cool academy has been to provide 
equipment and heat exchangers to their workshop . in addition, two alfa laval 
representatives, including göran hammarson, took part in the first training session .

 “we want to continue to be one of the leading manufacturers in this segment . but 
we are also on a learning curve, we have to increase our internal knowledge too,” says 
göran . “overall i thought it was very interesting . it was a good mix of technicians, 
consultants and sales representatives, combining both theory and practice .”

göran is not alone in responding so positively to the course and the first training 
sessions have proven to be a huge success, with participants giving the course an 
average score of eight out of ten . “people have already responded to the first training 
session, with requests for follow-ups,” says micael antonsson . “it is clear that a lot of 
people want deeper knowledge and to be able to expand .”

however with the rapid growth in co2 refrigeration set to continue, the need for 
better expertise will only increase . “the problem is that a lot of companies don’t want 
to disclose they don’t have the knowledge,” adds micael . “those that don’t adapt risk 

being left behind . once you loose market share it is exceptionally hard to regain it .” 
and if anyone still doubts that the future of refrigeration lies in co2, micael is quick to 
point out that in many countries the trend is towards phasing out hfcs . “if you want to 
remain in this business in the future, you need to educate yourself now .”



                              

80

intrOductiOn
in 2001 one of cofely refrigeration’s customers decided to convert and increase the 
capacity and freezing temperature of a refrigeration plant from 1300kw at -42°c to 
2900kw at -51°c . the refrigeration plant in question had been in use with refrigerant 
r22 since 1997 . 

for the installation it was suggested that the plant be re-built by re-using the 
installed compressors and using co2 to extend the plant capacity with lower process 
temperatures . the plant extension had to be executed between october 2004 and June 
2005, starting with the conversion of the f250vld units to n250vld for use with nh3 .

the new plant was installed in 5 phases over the period staring from weeks 35 of 2004 
to week 25 of 2005: 
•	1: modification of r22 plant to nh3 (from week 18 to week 23-2005)
•	2: installation of co2 equipment (from week 49-2004 to week 10-2005)
•	3: start-up of c5 & c6 (from week 10-2005 to week 14-2005)
•	4: start up of c7 (wk 16-2005)
•	5: start-up of c8 & c9 (week 18-2005 to week 20-2005)
•	full production from week 25-2005

aBOut the system
the new plant for processing and freezing meat, would operate 24hrs/day 5 days a 
week, and would involve: 
•	chilling in the process working rooms requiring -12°c;
•	product freezing with plate freezers (4x550kw); 
•	Quick freezing tunnel (1x600kw); 
•	spiral freezer (1x600kw) requiring -51°c;
•	freezing in stores requiring -35°c .

field Case sTudy of indusTrial planT operaTinG wiTh naTural refriGeranTs

aBOut the cOmpany 
mayekawa is a world-leading supplier of industrial 
cooling & freezing systems, refrigeration compressors, 
and heat pumps . it actively promotes the “natural 
five” refrigerants, among them ammonia, for air 
conditioning, freezing, and cold storage . mayekawa/
mycom has more than 25,000 mycom compressors 
running in over 100 countries .

more information at:  
www .mayekawa .eu

cOntact infOrmatiOn
eric delforge 
eric .delforge@mayekawa .eu
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in addition heat recovery would need to be incorporated to obtain hot water . the hot 
water would be used for:
•	process heating (55°c);
•	floor-/office-/load dock-/ expedition room heating (35°c);
•	bottom floor freezing room heating (12-14°c),

the requirement by the authorities was that the condensing temperature must not 
exceed 10°k above wet bulb-temperature

for low temperature side of the processing plant co2 applied in cascade with nh3, 
used on the high temperature side, was selected . co2 was used for direct cooling of 
the freezers . nh3 was used only for the high temperature side for cascade purposes, as 
the customer’s environmental licence did not allow more than 2000kg nh3 in the plant .

in addition the plant was equipped with following energy-saving options:
•	 - heat recovery-high efficiency electrical motors;
•	 - hot gas defrosting: for the freezers the co2 hot gas from the plant was used;
•	 - frequency controllers;
•	 - energy-saving condensers .

the freezing equipment operates following a load programme . in order to achieve the 
best cop per type of compressor 1 machine is equipped with a frequency convertor for 
speed control at part-load operation .

results 
a comparison with synthetic refrigerant r507 was considered by cofely refrigeration, 
who concluded that this solution was much more expensive than the chosen co2/nh3 
concept . after project completion the customer reported that the co2/nh3 plant is 
significantly more efficient than a comparable plant with r507 . 

in contrast to the original design of 32°c the average condensing temperature on 
the nh3 cascade compressors was reduced to 25°c . this meant a power reduction of 
151kwh or 906 mwh based on 6000hrs operation per year (cop-c increase of 8,7%) . 
this represented an energy saving for the customer of €90,600 (based on €0,10/kwh) . 
heat recovery was 690 mw/year (for process use) .

the calculated savings amount to 23% on energy, and a 49% saving on co2 equivalent 
emissions . 

one of the project bottlenecks was the supply and availability of high-pressure 
components, as this plant was one of the first in europe realised . 

the customer is absolutely happy with the installation, which was built in full 
compliance with ce-ped .

with regard to future potential savings, as the process needs hot water at temperature 
levels of 70 to 80°c there is great interest to adding hot water overcompression heat 
pumps operating during the cheaper night-time power price, to buffer hot water for 
use during the production process . there is plenty of heat rejected from the high stage 
nh3 cascade plant (over 4 mw per hour during production days), which can be used as 
heat source for the heat pumps . therefore, for future plants where hot water is needed, 
the installation of hot water high-pressure compression heat pumps with nh3 could 
help achieve significant energy savings by recuperating the condenser heat from the 
cascade nh3 high stages, which is available in great quantities .
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intrOductiOn
the st anna hospital in ruisbroek was looking for a technically viable replacement 
for the r-22 systems installed on site that had been running for many years and had 
consequently reached low efficiency levels . the capacity had become insufficient over 
the years but the plants could not be expanded due to a freeze from the year 2000 
onwards to install new hcfc systems or expand existing ones .

the installation provided by northampton cooling allowed to take several r22 chillers 
out of service and recycle 2000 kg of r22 . the latest installation from february 2010 
has led to very satisfying results in terms of supply independence, emissions reductions 
and energy savings, with an average of 23% of energy savings as compared to 
traditional solutions .  

similarly, the project has provided valuable insights regarding the safety of hydrocarbon 
refrigerants, as well as additional requirements, including insulation . user experience 
has been highly positive with the new refrigeration system complying with the 
regulations regarding the use of fluorinated refrigerants . 

aBOut the system
to increase capacity and comply with hcfc legislation the choice was made in favour of 
chillers using r290 (propane) and heat pumps using r600a (iso-butane . other natural 
refrigerant options like co2 (r744) for the heat pump option had also been evaluated 
but were found to be less efficient in the applications and the temperatures required . 
co2 may be of interest if hot water temperatures of above 85 to 90 °c are needed but at 
the temperatures required in the hospital r600a was found to be more efficient .

the first hydrocarbon (hc) chillers were installed in 2007 . as the hospital has been 
expanding over time, new r290 units have subsequently been added . the latest 
installation in february 2010 also included two heat pumps based on isobutane 
(r-600a) . in addition to the 7 chillers special application chillers have been working 
at different temperature levels . in total, 12 chillers are currently operating on site . the 
new chillers operate with x kg of r-290 in total and the heat pumps have x kg of r-600a .

the new system has been combining the cooling system with the heating system, 
which is a very obvious but not very widely used practice in most places around the 

Case sTudy – hydroCarbon Chillers aT a hospiTal

iMaGe 
ColuMn

aBOut the cOmpany 
northampton cooling is a world-leading supplier of 
large-scale cooling solutions . northampton cooling 
is market leader in providing sustainable heating and 
refrigeration solutions using the natural working fluids 
r290, r600a, r744 and r717 .

more information at:  
http://www .northamptoncooling .com

cOntact infOrmatiOn
John Smith 
john .smith@northamptoncooling .com  
+12 234 567 89
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intrOductiOn
the danish supermarket chain, fakta – owned by coop denmark has experienced 
significant energy savings with their second-generation transcritical booster system . 
by applying a co2 system fakta has achieved 10% energy savings compared to hfc 
systems .

the fakta chain has 378 stores in operation where 61 of them are transcritical . fakta 
was one of the first movers to change to co2 and the first generation of transcritical 
systems were installed in 2007 (status end of 2010) . 

fakta has continuously worked on lowering their energy consumption for the past 15 
years, first on their hfc scroll packs and later on transcritical packs . as a result of this 
fakta are now installing their second-generation transcritical packs where part load has 
been optimized . 

aBOut the system
fakta and the remote monitoring centre ak centralen have been collecting data from 
the systems for more than 15 years, since they first started optimizing the hfc pack 
with low energy consumption and temperature quality as main targets . 

whilst fakta installations can be different, the cabinets, pack and gascooler always have 
the same arrangement . today all systems are standardised and produced in batches 
of 5 packs with the same configuration regarding capacity, making fakta a very good 
reference for energy studies . 

for this case study an energy study 10 fakta hfc systems, 10 fakta- transcritical 1st 
generation systems, and 10 fakta transcritical 2nd generation systems were analysed . 
the stores looked at are identical for most parameters, but the installations differ 
regarding length of pipes and number of bends . the maximum pressure drop in the 
pipe work is still the same for all systems regardless of refrigerant and installation .

for the installation to be included in the data material the following criteria had to be 
fulfilled: 

•	more than 4 months of operation since commissioning 
•	equivalent size and opening hours

field Case sTudy of superMarkeT planT operaTinG wiTh naTural refriGeranTs

aBOut the cOmpany 
the danfoss group is one of the largest danish 
companies, operating in: refrigeration & air 
conditioning, heating & water and motion controls . 
its refrigeration and air conditioning division is 
specialised on automatic controls, compressors and 
electronic sensors .

more information at:  
www .danfoss .com

cOntact infOrmatiOn
Sandy gosvig  
gosvig@danfoss .com 
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world .

the larger chiller system uses air-cooled propane (r-290) chillers, each with a cooling 
capacity of x kw (total capacity: x kw) and a free cooler with a capacity of x kw . the 
chillers have to deliver a 35% propylene glycol/water solution at 9°c and return at 15°c .

the units are built as two independent circuits with the two heat pumps operating on 
one frame . the r600a heat pumps achieve a total heating capacity of about x kw and a 
cooling capacity of about x kw .

in the summer period a base load for heating of tap water and room heating was 
identified in the range of 400 to 500 kw is now provided by the heat pumps . during the 
winter a cooling load occurs which is partly delivered by the heat pumps while the rest 
is managed by the free coolers .

on the warm side the flow is controlled to keep up the condensing temperature 
and the pressure in the local district heating system . in the winter period the supply 
temperature of water is 80°c and in the summer it is supplied at 70°c . the return is 40°c . 
this requires the heat pumps to deliver water at 80°c and at the same time cool water . 
the whole system is connected to a local generator set to ensure stable supply and 
independence of the local grid in case of a power blackout .

“The installed system solution has been highly satisfying. 
It has met and even exceeded our expectations. This is 
partly attributable to the fact that simulated conditions 
differed from real-world results and because the design 
criteria had been carefully defined in the planning phase.” 

says John marston, director of st anna hospital . 

results 
Safety: by using a hermetic design with no shaft seals or semi-welded heat exchangers 
most flammability concerns were eliminated . if a leak is detected all power to the unit 
is cut out and can only be restarted manually from the panel . remote reset is disabled 
to ensure that a personal verification will identify the cause of the interruption .

Installation: an important lesson learnt was that insulation needs more consideration 
compared to normal refrigeration systems . in a standard refrigeration system the 
liquid temperature needs to be kept as low as possible and any heat rejected from the 

discharge pipe and from the liquid line is welcome . in the heat pump this is considered 
as a loss . also, the insulation material used needs some careful selection . normal cell 
rubber or foam can usually not be used at the high temperatures . mineral wool or other 
sorts of wool insulation become more attractive options . typically the thickness will 
also increase but

energy efficiency: energy savings have been achieved mainly by running the system 
on a big scale energy efficient plant rather than many smaller plants . also the water flow 
has now been upgraded and it is currently monitored so it can constantly be optimised . 

performance: the new plants have been performing better than the old r22 plants, 
achieving approximately twice the coefficient of performance (cop) .
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systeM desiGNs

HfC system:
•	parallel r404a system with very good load adapta-

tion 
•	controlled by adap-kool® pack controller and akc 

114a case controllers with electronic expansion 
valve type akv

•	148 systems in operation 
•	10 selected for the study

transcritical 1st generation system:
•	booster system with gas bypass
•	2 compressors for mt (33/67%) and 2 for lt (33/67%
•	mechanical gas bypass valve 
•	controlled by adap-kool® pack controller, ekc 326 

controlling icmts high pressure valve, and ak-cc 
750 case controllers with electronic expansion valve 
type akv

•	32 systems in operation
•	first 10 selected for the study .

transcritical 2nd generation system:
•	booster system with gas bypass
•	2 compressors, one with akd inverter for mt and 2 

compressors without inverter for lt
•	controlled by adap-kool® pack controller, ekc 326a 

controlling icmts high pressure valve and ccm step-
per gas by pass valve, and ak-cc 750 case controllers 
with electronic expansion valve type akv

•	10 systems in operation may 2010 and 29 in decem-
ber 2010

•	first 10 selected for the study .

results 
the energy data in this study was collected from may 2010 to april 2011 . the plot, on 
the first page, shows energy consumption per month for the 3 different systems (hfc, 
trans 1 and trans 2) and the average ambient temperature for the month .

application engineer kenneth b . madsen from danfoss explains “our measurements 
indicate approximately 10% energy savings in denmark when comparing the 2nd 
generation transcritical co2 system with the hfc system - with the lowest energy 
consumption in the cold months”, and further “the results also show a technology 
improvement since 2007 where the first generation transcritical system was installed” .

cOnclusiOns 
the results show that the 2nd generation transcritical systems in fakta consume 
approximately 10% less energy than the hfc packs installed until 2007 . energy 
simulations indicate that the energy consumption in denmark should be approx 10% 
lower than hfc systems, which are very much in line with the test results . 

the difference in energy consumption between the 1st and 2nd generation co2 
transcritical systems can be explained by: improved part load capabilities and smooth 
control of gas bypass as well as availability of components in smaller sizes to be able 
to better match the capacity for smaller systems; and a new co2 injection algorithm in 
ak-cc 750 and ak-cc 550a .
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3 key activities

heat puMp processes aNd systeMs
sintef has more than 60 years of experience in research 
and development of heat pumping processes, systems 
and their components . areas of expertise include: 

• heat pumping technology using natural working 
fluids 

• compact heat exchangers 
• compressors / expanders / ejectors
• sintef also maintains the nordic region’s largest 

laboratory of heat pump test rigs .

eNerGy efficieNcy iN iNdustry
sintef energy research has made a large and long-term 
strategic investment within energy efficiency in the in-
dustry . through the kmb project creativ, a platform for 
research and development, sintef boosts the develop-
ment and deployment of energy efficient technology in 
industry, in particular heat pumping technology based 
on natural working fluids . work is divided into the follow-
ing areas:

• power processes for electricity generation from 
waste heat 

• utilization of thermal surplus energy
• industrial ventilation
• storage of thermal energy
• efficient heating and cooling
• thermal processing

the main goal of creativ is to demonstrate that more 

than 25% reduction in energy consumption and green-
house gas emissions is possible by 2020 - through long-
term joint r & d efforts in cooperation with the norwe-
gian and international industry and research institutes .

power GeNeratioN froM waste heat
sintef works on the development of processes and sys-
tems for power generation from waste heat and offers 
professional support in:

• system analysis and estimation of the potential, us-
ing advanced tools

• design of key components (heat exchangers, tur-
bines and pumps)

• a wide network of technology providers
• close dialogue with support agencies such as enova 

and innovation norway
• development of technology based on the transcriti-

cal cycle, using co2 as the working fluid

aBOut the cOmpany
sintef - the foundation for scientific and industrial 
research at the norwegian institute of technology - is 
one of the largest independent research organisations 
in europe . sintef energy research offers research 
and development services within refrigeration and 
power processes in general . natural refrigerants and 
co2 in particular, has been a focus for the activity 
within refrigeration, mobile air conditioning, and 
heat pump systems . 

the sintef research team working on refrigeration 
technology was instrumental in the “rediscovery” of 
co2 as a natural refrigerant in the late 80’s .

cOntact infOrmatiOn
petter nekså 
Petter.Neksa@sintef.no

sinTef enerGy researCh
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europe ToMorrow
trends, fOrecasts & expectatiOns

europeaN iNdustry View oN awareNess 
leVels, products & plaNs
close to 700 european industry experts have voiced their 
concern about low awareness levels among customers 
and the hvac&r industry as a whole about co2, nh3 
and hcs as refrigerants – a major stumbling block to 
their rapid market adoption . which products & services 
involving hfc-free solutions are used today, and which 
natural refrigerants will dominate in future innovations? 
the answers on … .

a swot aNalysis for Natural 
refriGeraNts iN europe
natural refrigerants have their strengths and weaknesses, 
as does every refrigerant option . but besides substantially 
reducing direct emissions from high potential global  
warming gases, they can also save costs and “future-
proof” the industry from upcoming legislation, says 
the industry . see how the current european policy & 
business climate impacts on natural working fluids, and 
why training & know-how remains a hurdle, on…

the future of co2, Nh3 aNd hcs – Market 
forecasts 2012-2020
prospects for natural working fluids are heterogeneous, 
strongly depending on the hvac&r sub-sector and 
its capacity to absorb technologies based on non-
fluorinated gases . from promising figures for the 
commercial and industrial refrigeration sectors to a 
currently stagnating market for mobile air conditioning - 
see how europe’s natural refrigerant industry has looked 
into the future, on…

paGe 87 paGe 102 paGe107



87

european indusTry survey - respondenTs profiles

europeaN couNtries represeNted
most respondents to the industry survey came from 
the uk, followed by italy, germany and denmark . this 
is unsurprising as development of natural refrigerants 
components and systems is strong in these countries, 
and hence interest in taking the survey on the market 
uptake of natural working fluids was pronounced . 
overall, 666 respondents out of a total number of 1,254 
were included in further analysis for the european 
market . 

orGaNisatioN size
in terms of organisation size represented in the survey 
results, more than half of all respondents were active for 
a small organisation with less than 100 employees . close 
to 19% came from a medium-sized enterprise, and 31% 
represented large organisations with more than 500 staff 
members . 

TOTAL respondents: 666

united kingdom

italy

germany

denmark

spain

france

belgium

netherlands

sweden

switzerland

other
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european indusTry survey
respOndents prOfiles

orGaNisatioN types
nearly half of all respondents represented system 
manufacturers, followed by engineering & contracting 
services, and component suppliers . training & research 
was the 4th strongest activity in the total response set . 
answers allowed for multiple choices and indeed a 
high number of participants were active in several 
fields, especially in large organisations combining 
research, manufacturing and contracting . end-users and 
associations were represented by 8% of respondents .

types of actiVities (iNdustry sector)
a large majority of respondents, 69% and 66%, are 
active on behalf of organisations involved in commercial 
refrigeration and industrial refrigeration – the two 
industry sectors with highest current and projected 
use of natural refrigerants in europe . less pronounced 
are activities in stationary air-conditioning, as well as 
industrial, commercial and residential heating . not 
surprisingly, the mobile air-conditioning industry as 
one that is at present not a lead sector for co2 or hcs, is 
represented only to a minor extent .
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naTural refriGeranT produCTs Today & ToMorrow

co2 used iN Most products & serVices 
today…
when looking at the natural refrigerant products and 
services offered by european corporations today, the 
high percentage of r744-related activities (35%) is 
noteworthy . ammonia and hydrocarbons are nearly 
on par, whereas 17% of all respondents are active for 
organisations with products and services for all three 
natural refrigerants . 

… aNd toMorrow
when asked about the natural refrigerants products 
and services planned, the 67 responses included in the 
analysis confirmed the positive trend for carbon dioxide-
based systems . 7% more respondents see their product 
portfolio include co2-related activities, whereas the 
prospects for ammonia (-7%) and hydrocarbons (-2%) 
are less positive . however, participants estimated that 
activities involving all three natural working fluids will 
increase by 3% in the future .

Question: “which products & services for natural 
refrigerants do you have?”

Question: “which products & services do you plan to 
have?”

35%

25%

22%

17%

co2

ammonia

hydrocarbons

all

TOTAL respondents: 666

42%

20%

20%

18%
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european indusTry survey 

as a sub-set from the global industry survey (see page 
28), and to find out where the european nr industry 
might be heading over the coming years, only respond-
ents active for organisations located in europe were se-
lected for further analysis . hence, out of the initial 1,338 
individuals completing the survey, 666 were heard on 
items as varied as information sources for natural refrig-
erants, the use of nr products & services today and in 
the foreseeable future, or the overall policy & business 
climate for nr . participants also analysed barriers and 
strengths of natural working fluids, and attempted an 
outlook into the period until 2020 to evaluate the market 
presence nr would have per industry sector .

stroNGest iNterest iN the uk, italy, GerMa-
Ny & deNMark

most respondents taking the survey are located in the 
uk (14%), followed by italy and germany (11%), and 
denmark (7%) . this is not a surprising result as especially 
in those countries many leading system and component 
suppliers for nr technology are to be found that are ac-
tive across europe and beyond . despite its small overall 
industry size, the danish hvac&r industry was strongly 
represented – a result of its wide use of hfc-free tech-
nologies and developed expertise on nr . by geographic 
region, western europe is represented with 49%, south-
ern europe with 26%, northern europe with 17% and 
eastern europe with 8% .

most respondents (50%) represented a small organisa-
tion with less than 100 employees . close to 19% came 
from a medium-sized enterprise, and 31% represented 
large organisations with more than 500 staff members .

 

MaNufacturers & suppliers leadiNG re-
spoNse Group

as regards the main types of activities, 47% of respond-
ents represented a system manufacturer, followed by en-
gineering & contractor, component suppliers and train-
ing & research providers . as multiple choice was allowed, 
it can be concluded that a high number of organisations 
are active in several fields . crosstabs applied to the total 
response set regarding the organisation’s size indicated 
that mostly very big or very small companies were rep-
resented in the manufacturing business, whereas com-
ponent supply was mostly done by small businesses . the 
engineering / contractors business is strongly dominat-
ed by small companies (149 responses for “small” versus 
42 for “medium” and 39 for “large”), as well as the consul-
tancy / marketing business . 

coMMercial & iNdustrial refriGeratioN 

a large majority of 69% and 66% are active for compa-
nies involved in commercial refrigeration and industrial 
refrigeration . this is unsurprising as these two industry 
sectors are currently among the most promising ones 
for the use of natural refrigerants until 2020, as indus-
try’s forecasts have shown (see page 104) . the mobile air 
conditioning, transport refrigeration and domestic re-
frigeration sectors are only represented to a significantly 
lower extent . this can be explained by the unfavourable 
climates for nr use in the first two cases, and the lack 
of interest in taking the survey following the established 
market situation for hc refrigerators across europe in the 
latter case .  

again, the commercial refrigeration sector is mostly rep-
resented by small companies (223 responses) as com-
pared to large companies (149 responses) . the same 
distribution pattern is applicable for the industrial refrig-
eration sector . 

the future of Nr products 

an overwhelming majority of those taking the survey 
(75%) already had nr products and services in their port-
folio, hence expressing their strong interest in more con-
solidated data in this specific area . among those offer-
ing nr solutions, most offered co2-based products and/
or services . however, it has to be noted that distribution 
is relatively balanced between the three refrigerant op-
tions . 17% showed clear leadership by offering technolo-
gy for all three refrigerants co2, ammonia and hydrocar-
bons . as regards the organisation size, small businesses 
are represented to a higher-than-average extent in the 
nr industry taking the survey, followed by large compa-
nies with more than 500 staff members .  

in the future co2 will increase in importance for the re-
spective organisations, with 42% stating that future 
products and services would involve r744-based solu-
tions . the percentage of businesses offering technology 
for all three refrigerants is also expected to increase .
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inforMaTion and awareness level
respOndents

there is a high overall level of awareness about natural re-
frigerants’ characteristics and usage among respondents 
to the european industry survey - 73% of all respondents 
are either “highly informed” or “well informed” . aware-
ness levels rise even higher when only those respond-
ents offering natural refrigerant solutions and/or plan-
ning to offer them in the near future are selected .

in this sub-set, only 11% are not well informed about 
natural working fluids (awareness level up to 40% out 
of a maximum of 100%), and a clear absolute majority 
(52%) has an excellent awareness level . results imply 
that natural refrigerants are well known about among 
manufacturers, engineering contractors and suppliers 
taking an interest in the future of co2, nh3 and hcs . 

Question: “how informed are you about natural 
refrigerants?”

Scale: Level of Awareness

TOTAL responses: 657

... if the organisation already offers and/or plans for 
Natural Refrigerant products & services
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Scale: Level of Awareness

TOTAL responses: 657

inforMaTion and awareness level
hvac&r industry & custOmers

the results about the level of information in the 
hvac&r industry as a whole are markedly different from 
awareness levels among respondents . more than a third 
of respondents (39%) believe that the industry as such 
is “not informed” to “rather poorly informed” . only 7% 
of respondents think the industry is “highly informed” 
about the characteristics of natural working fluids . 

results about the level of information of respondent 
customers follow a similar pattern, with almost 70% 
of respondents believing that customers are at best 
“rather well informed” - including all awareness levels 
of up to 60% . contrary to the high level of information 
among respondents, these results suggest that whilst 
manufacturers and system suppliers are well aware of 
natural refrigerants, end-users lack information about 
natural refrigerants . 

Question: “how informed is the hvac&r industry 
about natural refrigerants?”

Question: “how informed are your customer about 
natural refrigerants ?”
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inforMaTion sourCes

specialised weBsites, direct coNtacts 
& iNdustry eVeNts are key for stayiNG 
iNforMed 
from 3,260 total responses received (multiple choices 
possible), a clear majority of participants (73%) is 
staying informed on the market situation for natural 
refrigerants through specialised websites . information 
sources of similar high value include direct contacts 
with partners and customers (64%), technical and 
scientific conferences (64%), trade shows (62%) and 
print magazines (61%) . online blogs and other social 
media channels, as well as government / ngo sources 
are used to only a minor extent .

MeetiNGs reMaiN Most popular 
iNforMatioN source
if all individual response options are grouped by the 
overall type of information provider and channel 
used, face-to-face meetings during individual talks, 
conferences, workshops and trade shows emerge as 
the most popular source of information on natural 
refrigerants . this is then followed by online & print 
sources (specialised and general media) used by 33%, 
and authoritive bodies (associations, consultancies, 
governments / ngos) serving for 19% of all respondents 
as an information source .

Question: “which sources do you use to get 
information about natural refrigerants?”

... information sources grouped by type
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business & poliCy CliMaTe

Question: “how is the business and policy climate 
evolving in your country (location of organisation)?”
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46% see rather positiVe coNditioNs for 
Natural refriGeraNts
overall, the market & policy conditions for natural 
refrigerants are rated as being rather positive ones . 
however, when looking at the conditions per natural 
refrigerant, marked differences can be found: while co2 
can count on the best perceived frameworks for market 
expansion, hydrocarbons seem to face the highest 
challenges at the moment . this, however, can partly be 
attributed to the fact that a majority of respondents 
come from europe where the market prospects for co2 
are generally positive .

NoN-Nr refriGeraNt iNdustry More 
sceptic
only taking into account respondents not offering or 
planning to offer natural refrigerant services or products, 
the business & policy climate for natural working fluids 
overall is also considered to be a rather positive one . 
divided by refrigerants, however, respondents are 
generally more sceptic than their nr counterparts, with 
10% saying that conditions for ammonia, carbon dioxide 
and hydrocarbons individually are highly negative, and 
around one-third saying that the markets and policy 
frameworks would not be moving in any direction .

TOTAL responses: 511

ammonia

hydrocarbons

co2

ammonia

hydrocarbons

co2
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business & poliCy CliMaTe for naTural refriGeranTs
the speed and level at which natural refrigerant systems 
become an established solution on the european mar-
ket depend on policy and industry conditions likewise . 
511 european respondents were asked to answer the 
question “how is the business & policy climate evolving 
in your country?” for natural refrigerants overall, and 
for each of the three refrigerants surveyed: ammonia, 
carbon dioxide and hydrocarbons . the results obtained 
paint a clear picture of how different the situation is 
evaluated for each specific refrigerant, where co2 seems 
to face the brightest future, whereas hydrocarbons are 
confronted with greater challenges (outside domestic 
refrigeration) .

Natural refriGeraNts oVerall
when asked to evaluate the business and policy climate 
for natural refrigerants overall, respondents tended to 
rate the current situation in europe as “rather positive” . 
the highest absolute agreement rate (46%) was hence 
registered for this option . only 7% were pessimistic 
(“highly negative” and “rather negative”), while a total 
of 60% were optimistic (“rather positive” and “very posi-
tive”) . one-third was undecided if current market and 
industry trends would favour or block the usage of co2, 
nh3 and hcs . interestingly, the ratings for “nr overall” 
were on average more positive than the individual rat-
ings for “ammonia”, “co2” and “hydrocarbons” would 
have suggested . in fact, responses for the “nr overall” 
situation were closest aligned to the values for “co2” for 
all categories . this might be related to the fact that most 
respondents to the survey represented the commer-
cial and industrial refrigeration industry where co2 is a 
promising candidate, and hence the evaluation for the 
natural refrigerant industry as a whole was influenced by 
the respondent’s positive experience in these two sec-
tors . overall, responses obtained are also closely related 
to the industry expectations per sector and the barriers 

to the uptake of natural working fluids (see pages 98 to 
99 & pages 104 to 106) . 

unsurprisingly, the sub-set of respondents not planning 
to use natural refrigerants rated the situation for “nr 
overall” slightly more negatively . 14% (versus 7% for all 
respondents) evaluated the current situation as being 
negative, and 36% (versus 33%) did not see the busi-
ness and policy climate moving into any clear direction . 
however, interestingly, also here a clear majority of 52% 
(versus 60% for all respondents) were optimistic about 
the overall policy and business frameworks in place to-
day for nr .  

co2: Blue skies ahead?
when looking at the ratings for co2 individually, re-
spondents are generally largely optimistic about the 
evolving industry and policy climate . only 8% of par-
ticipants believed the current situation in their european 
country would be “highly negative” or “rather negative”, 
whereas 63% rated conditions to be “rather positive” or 
even “highly positive” . this result is well above the aver-
age given for ammonia and hydrocarbons, and tends to 
reflect positive outlooks for carbon dioxide in several 
applications, including (light-)commercial and industri-
al refrigeration . however, caution should be applied as 
close to one-third (29%) were uncertain about the direc-
tion the market would take . 

participants with no plans to use r744 were significantly 
more pessimistic about supporting market and policy 
frameworks put into place in europe today . 10% rated 
the situation as “highly negative” for co2, balanced by 
16% on the other end of the spectrum stating it would 
be “highly positive” . in between, most of all respondents 
were unsure about the direction markets would take in 
the current climate . a marked difference can hence be 
seen between organisations already investing into co2 
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and those with no intention to do so in the foreseeable 
future – the latter especially showing a clear tendency 
towards the “no movement” option as compared to the 
“rather positive” one .  

Nh3: staBle cliMate with suNNy prospects
the first noticeable result, when comparing the total 
response set and the sub-set including only organisa-
tions with no plans to use nr in the near future, is that 
there are no marked differences between them . while 
more individuals said the situation for ammonia in eu-
rope would be “highly negative” (10% for “no nr” sub-
set as compared to 3% for all respondents), evaluations 
for all other options followed similar patterns . average 
responses tend towards the “no movement” to “rather 
positive” option, irrespective of whether the company 
uses natural refrigerants or not . this is another indication 
of the largely saturated and well-established nh3 market 
for some applications, mainly industrial systems, already 
pointed out for the refrigerant sales trends (see pages 32 
to 33)  . 

hc: cloudy forecast
overall, hc represents the market with the least favour-
able policy and business climate in europe, as compared 
to co2 and nh3 . one-fifth (21%) rate the current situation 
as “highly negative” or “rather negative”, as compared to 
only 8% for co2 and 12% for nh3 . at the other oppo-
site, only 4% say hcs meet “highly positive” conditions . 
even the total of those seeing any positive movements 
(“rather positive” and “highly positive”) amounts to 38% 
only, as compared with 63% for co2 and 48% for nh3 . for 
those not (yet) involved in hc products & services, no 
single respondent selected the “highly positive” option . 

a possible explanation for this rather pessimistic evalu-
ation can be found in the low total response rate of the 
domestic refrigeration industry - a traditional stronghold 
of hc application in europe . outside this industry the us-
age of propane, isobutane and other hc refrigerants is 

strongly restricted by european and national charge lim-
its impeding the widespread use of hcs in larger instal-
lations . results for hcs can therefore be interpreted as a 
valid reflection of some of the prevailing barriers to the 
uptake of natural refrigerants: training, safety and legis-
lation (see pages 98 to 99 & 102 to 103) .
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barriers To The upTake of naTural refriGeranTs in europe
traininG, technOlOGy develOpment & cOsts remain the main challenGes 

lack of training and know-how is a “strong” to “very 
strong” barrier impeding the wider uptake of natural re-
frigerants, a clear majority of 58% finds . this is followed 
by technology & safety aspects, and cost issues – mainly 
due to higher capital costs for natural refrigerant systems 
and a lack of economies of scale for some applications . 
of less importance are unfavourable competition issues, 
lack of demand or unavailability of systems in europe to 
the 511 respondents . 

similarly, the sub-set of respondents with no intention 
to use natural refrigerants confirms training & know-
how and a need for technology development as the two 
strongest barriers (strong / very strong) . however, they 
contradict the appreciation that “psychology” – lack of 
awareness and misconceptions – would constitute a ma-
jor barrier, but put a lack of supply and current market 
conditions (demand / competition) much higher up in 
the list of prevailing challenges .
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Question: “what are the biggest barriers in adopting 
natural refrigerants?”
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when all barriers are weighted according to their 
strength, the psychological factor moves up to become 
the third-largest overall challenge . this result ties in 
well with the lack of awareness stated for the hvac&r 
industry as a whole and specifically for customers (see 
pages 92 to 93) still, need for more training remains 
the biggest barrier, followed by required investment in 
technology development, including safety .

Question: “what are the biggest barriers in adopting 
natural refrigerants?” - average values
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... and Their sTrenGThs

eNViroNMeNt, eNerGy saViNGs & life-cycle costs key adVaNtaGes of Natural 
refriGeraNts
with 81% of all respondents saying environmental ben-
efits constitute a high or very high strength of natural 
refrigerants, direct and indirect emissions reductions, in-
cluding energy savings are the most important reasons 
to opt for hfc-free solutions . this is then followed by 
operation cost savings confirmed by half of all respond-
ents (50%) as being a strong/very strong benefit, and 
technology – including reliability, durability, weight and 
efficiency . 

for the sub-set of respondents not planning to have 
natural refrigerant products, the environmental aspect 
still dominates with 64% saying this is a high or very 
high benefit . unsurprisingly, this group consistently sees 
more “none” to “minor strength” in all fields, except for 
system costs which they value higher than the average 
respondent . also noteworthy, this group rates legisla-
tion as being the 3rd strongest advantage of hfc-free 
solutions . this points to investment security, given that 
existing and expected legislation against high-global 
warming potential gases will leave the natural refriger-
ant industry unconcerned .
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Legend: Type of Strength

envirOnment clearest Benefit; system cOsts remain challenGe

when all strengths are shown as a weighted average, 
environmental direct and indirect benefits remain the 
top score for natural refrigerants’ strengths . on par are 
the four factors of operation costs, technology, legislation 
and markets & competition . system costs are considered 
to be the weakest strength which reconfirms findings 
from the barriers section in that newly introduced 
natural refrigerant technology is not yet able to compete 
with traditional systems on grounds of capital cost .
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a swoT analysis for naTural refriGeranTs in europe
511 participants from organisations located in europe 
responded to questions about the major challenges 
(“what are the biggest barriers in adopting natural re-
frigerants?”) for and the dominant strengths (“what are 
the biggest strengths of natural refrigerants?”) of hfc-
free working fluids . respondents could rate seven pre-
defined categories of barriers and strengths according to 
their impact on the market uptake of natural refrigerants . 
the four response options per category ranged from “no 
barrier” to “very strong barrier”, and from “no strength” to 
“very high strength”, respectively . an additional free text 
field collected responses to further explain the perceived 
challenges and benefits for individual countries and/or 
application fields .

Barriers
with 58% of respondents saying training & Know-
how constitutes a “high” or “very high” barrier, the lack 
of appropriate skills among installers and maintenance 
personnel in contact with ammonia, hydrocarbons and 
carbon dioxide is the most important single barrier to 
a wider acceptance of natural refrigerants . no common 
certification scheme and still only a loose network of 
training bodies has made the handling of refrigerants 
with toxicity, flammability and high pressure character-
istics a challenge to be overcome only by more stream-
lined activities between industry, policy and end-users . 

this point is also directly related to the second strongest 
challenge - technology & Safety - where different safe-
ty rules across europe, together with the novelty of nr 
technology in some fields, will continue posing a chal-
lenge to hfc-free technology proponents . this category 
is, however, less pronounced than the training aspect 
(49% rating it as a high / very high barrier), given that 
some technologies have already become standard solu-
tions . as examples may serve the use of hc in domes-

tic and light-commercial refrigeration, nh3 in industrial  
refrigeration or co2 in commercial refrigeration . 

psychology - describing a lack of awareness and ac-
ceptance, as well as misconceptions about nr solutions 
- is the 3rd strongest barrier when weighted across all re-
sponse options . only 20% of respondents feel that “no” 
or only “minor” barriers exist in this area, the rest facing 
difficulties in overcoming these non-technical barriers . 
this, again, confirms that a lack of knowledge, especially 
among customers and the traditional hvac&r industry 
overall, exists (see pages 92 to 93) .  it can be concluded 
that whereas technical challenges can and will be gradu-
ally resolved, psychological barriers will need to be ad-
dressed separately in a joint effort by international and 
national bodies, the industry and (industrial and private) 
end-users . 

streNGths
with an overwhelming 81% vote as a “high” or “very high” 
strength, environment remains the single most impor-
tant reason to opt for f-gases free heating, air-condition-
ing or refrigeration solutions . the environmental aspect 
does not only include zero to low global warming impact 
from direct natural refrigerant emissions, but also en-
compasses indirect emissions reductions through higher 
energy efficiency as compared to traditional solutions, 
especially when looked at the technology in its whole 
lifecycle . while the competitive advantage of nr sys-
tems has been clearly demonstrated in a variety of sec-
tors already, the constant new development of hfc-free 
solutions still promises high future technology potential 
– something that has been found to be more restricted 
for current systems based on synthetic working fluids .  

as the second largest overall strength of hc, nh3 and 
co2 systems, Operation Costs are confirmed by half of 
all respondents (50%) as being a strong to very strong 

benefit . this, however is in stark contrast to system costs 
at the farther end of the scale where only 16% can con-
firm that the required initial financial investment for nr 
solutions can already today compete with established  
f-gases solutions . from the resulting response pattern it 
can be concluded that although the price premium to be 
paid for a majority of natural refrigerant installations can 
be recovered over the system’s lifetime, the higher costs 
up front constitute a strong barrier to higher sales of nr 
solutions, given consumers’ time preference or “discount 
rate” on purchases .

streNGths Vs. Barriers
if we compare the response sets for the sections on 
barriers and strengths, some interesting results can be 
obtained . whereas respondents rated Supply & Avail-
ability to be the second least important barrier to the 
uptake of natural refrigerant systems, the exact same 
is true when being asked for their strength . this could 
confirm that nr systems have been established as main-
stream solutions in europe in some areas – domestic and 
industrial refrigeration, and increasingly also in cascade 
solutions for commercial refrigeration – whereas a sig-
nificant number of other applications still faces shortage 
of supply and viable technology options . the evaluation 
of this aspect hence mainly depends on the market the 
respondent is in and whether he/she encounters any dif-
ficulties in obtaining appropriate components and/or 
systems . 

another interesting item is the evaluation of the tech-
nology & Safety aspect . whereas 50% of all responses 
say that this issue constitutes a high or very high barrier 
for nr systems, 40% also confirm that “technology” – in-
cluding durability & reliability, compactness & weight, 
efficiency – is the 3rd strongest benefit of nr options 
(high / very high strength) . a possible explanation for 
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this seemingly contradicting result is that a lack of uni-
form safety guidelines & standards in combination with 
no certified installation and maintenance staff across eu-
ropean countries, together with remaining technology 
challenges has significantly reduced the speed of mar-
ket adoption . on the other hand, once technology is put 
into place customer satisfaction rates have been gener-
ally high due to efficiency gains, ease of maintenance 
and high operational reliability of nr systems .

clearly confirmed as a major barrier is the Capital Cost 
aspect . coupled with the generally applicable principle 
of facing a price premium for the first use of new tech-
nologies, due to their lack of economies of scale, natural 
refrigerant solutions in some areas require completely 
new system layouts, components and materials . it is 
hence not surprising that a clear absolute majority of 
54% consider “system costs” (production, materials, re-
frigerants, installation, government support) to be “no” 
or only a “minor” strength of nr systems at this moment, 
and that 45% rate “funding & costs” (taxes, subsidies) as a 
high to very high barrier to a faster market uptake . 

however, this is partly balanced by the assumption that 
reductions in life-Cycle Costs are superior to traditional 
systems . half of all respondents (50%) state that lower 
“operation costs” – including energy savings, operation, 
maintenance and end-of-life treatment – are a high to 
very high benefit of nr systems . 

markets (Competition & demand) play a minor role in 
accelerating or slowing down the uptake of hfc-free so-
lutions . this has evolved over the last few years when re-
spondents in the nr industry considered competition by 
traditional systems to be a major challenge for introduc-
ing new technology . as a result it is now the least impor-
tant barrier mentioned, with 69% saying it is “no” to only 
a “moderate” barrier . similarly, only 1/10 of respondents 
see “markets & competition” - including “green” market-
ing, csr (coporate social responsability) and other com-
petitive advantages - as a “very high” strength of nr so-

lutions . this could confirm that, although environmental 
benefits are the most important driver to move away 
from fluorinated gases, the competitive advantage of nr 
solutions has not yet been fully exploited to become a 
major market driver . 
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coMMercial refriGeratioN
europe’s nr industry expects the market share of 
commercial refrigeration equipment using co2, nh3 
or hcs to increase substantially over the coming years . 
while today still 43% of the 129 respondents working in 
the commercial refrigeration business estimate the total 
market share of nr solutions to be only in the range of 
0-5%, by 2020 this picture is inverted, with 30% stating 
that their share would increase to “more than 50%” . as 
a result, only 3% think nr systems’ market share will 
remain in the “0-5%” order .

iNdustrial refriGeratioN
an even more prosperous outlook is presented for the 
industrial refrigeration sector . 40% of 128 respondents 
working in this field believe that the nr market share 
will rise to “more than 50%” by 2020 . this is up from 12% 
estimating the market share to be in this range already 
today . by 2015, a total of 43% estimate the market share 
of nr systems already to be on track for “20-50%” or 
“above 50%” . 
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Question: “what will be the market share of natural 
refrigerant systems in 2012, 2015 and 2020?”
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Question: “what will be the market share of natural 
refrigerant systems in 2012, 2015 and 2020?”
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resideNtial heatiNG
today, the market share of nr solutions in europe is only 
minute, nearly two-thirds of 27 respondents working in 
residential heating confirm . however, while the “more 
than 50%” market share is missing for 2012, by 2020 
systems using co2, nh3 or hc will have established 
themselves . as a result, 19% believe that nr solutions 
will dominate the market, while 22% remain cautious to 
believe that nr products will remain a tiny fraction of the 
market (“0-5%”) .

coMMercial & iNdustrial heatiNG
more optimistic than their residential heating 
counterparts are the 32 natural refrigerants experts 
representing the commercial and industrial heating 
industry in europe . 22% believe that nr solutions’ market 
share will have increased to “more than 50%” by 2020, up 
from 9% saying that today . on the other hand, only 19% 
remain sceptical and assume the market penetration to 
be still below 10% (responses: “0-5%” and “5-10%”) by 
that time - down from a large majority of 82% saying this 
is true for today’s markets . 

Responses: 27 Responses: 32

Scale: Total Market Share
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statioNary air coNditioNiNG
the 31 experts for stationary air-conditioning involving 
natural refrigerants show the highest scepticism of all 
surveyed participants for the medium future, with only 
13% believing that nr systems would have a “20% -50%” 
share in 2020 . however, on the other hand, response rate 
for any nr market share higher than 10% nearly triples 
from 20% in 2012 to 58% in 2020 . 

MoBile air coNditioNiNG
with the highest number of responses (84%) opting for a 
“0-5%” market share in 2012, the mac industry is the most 
challenging out of all sub-sectors surveyed . however, 
interestingly the industry seems to be optimistic for 2020, 
with one-third of respondents believing in a “50% or 
higher” market share of nr systems . however, one should 
note that results have only limited informative value due 
to a very low response rate . only 12 individuals offering 
or planning to offer nr solutions in mac responded to 
the survey, suggesting that as development of co2 and 
hc systems is largely put on hold .

Question: “what will be the market share of natural 
refrigerant systems in 2012, 2015 and 2020?”

naTural refriGeranTs indusTry eXpeCTaTions
air-cOnditiOninG

0%

20%

40%

60%

80%

100%

202020152012

13%

7%
3%

77%

32%

19%

38%

23%

10%

13%

26%

7%

19%

13%

0%

20%

40%

60%

80%

100%

202020152012

8% 8%

17%

33%

17%

8% 8%

67%

25%

25%

84%

more than 50%

20-50%

10-20%

5-10%

0-5%

Responses: 31 Responses: 12

Scale: Total Market Share



107

MarkeT foreCasTs 2012-2020
market fOrecasts 2012-2020
the global industry survey conducted between febru-
ary and september 2011 intended, for the first time, to 
hear the voice of the hvac&r industry in general and 
the natural refrigerant sector in particular regarding 
their market expectations for the coming years . out of 
a total response set of 666 individuals being located in 
europe, 359 were selected for further analysis . this small-
er sub-set encompassed all those already using and/or 
planning to use carbon dioxide, ammonia or hydrocar-
bons in their products and services . while the first part 
of the survey was the same for all respondents, for the 
second survey part individuals had to select their field of 
expertise among 8 industry sectors: heating (residential 
& building), heating (industrial & commercial), refrigera-
tion (domestic), refrigeration (commercial), refrigera-
tion (industrial), refrigeration (transport), air condition-
ing (stationary), and air conditioning (mobile) . transport 
refrigeration and domestic refrigeration were excluded 
in the final results due to a lack of data accuracy . 

all other industry sectors were represented to different 
extents, ranging from 12 individuals working on nr-
based mobile air conditioning (mac) to 129 respond-
ents for commercial refrigeration . the high response 
rate for the commercial and industrial refrigeration sec-
tors (128 responses) confirmed the lead role these two 
sub-sectors currently play for the market growth of nat-
ural refrigerants in europe . especially the use of co2 in 
cascade and transcritical supermarket systems, the use 
of hydrocarbons in light-commercial installations, and 
the use of nh3 in industrial refrigeration (with co2 and 
hc gaining market share) are driving the market . on the 
other end of the spectrum, only 12 respondents for the 
mac sector testify that where the use of co2 and hcs has 
been stalled for the near future – largely due to the au-

tomotive industry’s decision to opt for synthetic refriger-
ant alternatives – r&d activities inside the industry have 
dropped . 

the Growth Markets
the sectors with the highest response rates, commercial 
refrigeration and industrial refrigeration, are also those 
facing the brightest future, according to nr experts . a 
clear majority of 65% are sure that natural refrigerant 
alternatives in industrial refrigeration will have a higher 
than 20% market share in europe by 2020 . the commer-
cial refrigeration industry is similarly optimistic, where 
59% believe that nr systems will make up at least a 
fourth of the total market, and 30% targeting a market 
penetration of even “50% or higher” . interestingly, the 
commercial refrigeration industry comes from a much 
smaller baseline than their industrial counterparts: only 
13% of commercial refrigeration experts say that nr op-
tions currently have a 20%+ market share, whereas 32% 
confirm this for the industrial refrigeration market to be 
true today . assumed relative growth rates are hence big-
ger for the commercial sector, where the agreement rate 
for a 20%+ market share more than doubles for each of 
the three periods (2012, 2015, 2020) to get very close to 
the 2020 agreement rate in the industrial refrigeration 
sector .

the “opeN” Markets
both the residential heating and stationary air condition-
ing sector seem to be undecided regarding the market 
share to expect for nr solutions in the medium future . 
a very regular response pattern can hence be found for 
the 31 stationary a/c and 27 residential heating experts 
evaluating the situation for 2020 . especially for the latter, 

all options, ranging from a “0-5%” to a “50% or higher” 
market share, attract the same level of agreement . the 
only marked difference between the two industry sec-
tors is the higher baseline the stationary a/c industry is 
building on, with 13% stating that already today natural 
refrigerants have a 50%+ market share . however, on the 
other hand, the residential heating market will, accord-
ing to experts representing it, overtake the stationary 
air-conditioning market by 2020 in terms of relative mar-
ket shares .  

the “waitiNG” Markets
the natural refrigerant mobile air conditioning sector 
currently faces some of the strongest resistance in the 
european union . despite the positive frameworks put 
into place by the mac directive (see page 46), r&d ac-
tivities are mostly stalled after years of successfully in-
troducing market-ready solutions . 84% of respondents 
saying there is a close to 0% market penetration of nr 
systems today is hence unsurprising . more interesting 
are, however, expectations for 2020 when a third of re-
spondents regard again a “50% or higher” market share 
as being possible . this points to the fact that either direct 
intervention from legislators or a clear “recommitment” 
of the automotive industry in favour of hfc-free systems 
would be needed to initiate market growth . again, it has 
to be noted that total responses for the mac sector were 
at a very low level as compared to other industries rep-
resented, hence not allowing for a highly accurate data 
analysis . it might, however, serve as a first indication of 
the industry’s current situation with no positive signals 
sent from the automotive industry to use carbon dioxide 
or hydrocarbons . transport applications outside the car 
sector (buses, trains, trucks) still promise growth poten-
tial . 
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shecco’s Market research & consultancy team provides a wide range of reliable analytical studies 
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understanding, find new partners or verify the viability of your products, our reports provide 
actionable conclusions with which to make the right strategic business decisions. 

shecco’s market research department offers:
•	tailor-made market studies depending on your budget and needs
•	Multi-client market research for industry, trade, and NGos
•	News monitoring & continuous market tracking
•	policy audits & issue tracking
•	funding audits & grant project management
•	consultancy services, partner assessment, customer search

we provide quantitative and qualitative marketing research to ensure the most appropriate and 
cost effective methodologies are used on each project. Market research services include:
•	research design and set-up
•	online & telephone surveys, in-depth interviews
•	data processing & analysis
•	swot analysis & trend forecasting

whilst shecco’s multidisciplinary team has a wealth of knowledge across the range of “green 
technologies”, we have special access to a global network of industry and policy decision makers 
in the following areas:
•	Natural refrigerants
•	heating, ventilation, air conditioning and refrigeration (hVac&r)
•	electric Vehicles (four wheelers, scooters / bikes etc.)

position yourself better in the market with shecco’s international market research.

for more information, contact :
Nina Burhenne, Head of Market Research
research@shecco.com
+32 473 468 194
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without wide availability and broad market acceptance an innovation will not be recognised as such . end-users, 
legislators and the wider public need to know about solutions offered today and technology pioneers involved, to 
make an informed choice about future refrigerant options . without a strong industry network the impact of natural 
refrigerants will remain limited in certain applications . 

this industry directory, based largely on responses to an hvac&r industry survey, lists and categorises system 
manufacturers, component suppliers, contractors, installers, and research & training institutes located in europe . 
sorted by country, it indicates the type of activities, main hvac&r industry sectors covered, as well as the natural 
refrigerants used in products and services . as the directory only reflects information provided on a voluntary basis by 
the respective organisations, no responsibility for accuracy is assumed . 

if you want to be included in later editions of the Guide - 2012: Natural Refrigerants Market Growth for Europe or other 
world regions, please contact research@shecco.com
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Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary

11 dunav street, 
1000 sofia, bulgaria

+359 2 989 20 85

fraMo
www .frigus .bg

Manufacturer

Engineering / Contractor
Refrigeration - Commercial

parva bulgarska armia 18a 
1220 sofia, bulgaria

+359 2 813 99 11
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cyprus czech repuBlic
Me. e. Best cool ltd
www .primetel .com .cy

Engineering / Contractor

Heating - Residential & Building
Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary

76a georgiou griva digeni 
4043 lemesos, cyprus

+35 725 58 07 88

ect
www .emerson .com

Manufacturer
Engineering / Contractor

Refrigeration - Commercial

k vapence
69201 mikulov, czech republic

+42 051 900 00 00

denmark
adVaNsor a/s
www .advansor .dk

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

bautavej 1a 
8210 aarhus , denmark

+45 41 19 30 05

aGraMkow fluid systeMs a/s
www .agramkow .com

Supplier

Engineering / Contractor
Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary

augustenborg landevej 19 
6200 sonderborg , denmark

+45 74 12 35 36

BuNdGaard køletekNik a/s 
www .chillers .dk

Manufacturer
Supplier

Heating - Industrial & Commercial
Air Conditioning - Stationary

bundgaard køleteknik a/s 
sadelmagervej 22 
7100 vejle , denmark

+45 75 85 73 11

caraVell
 www .caravell .dk

Manufacturer
Supplier
Refrigeration - Commercial

testrupvej 5 dk-9620  
9620 aalestrup, denmark

+45 9666 1800

daNfoss
www .danfoss .com

Manufacturer
Supplier
Heating - Residential & Building
Heating - Industrial & Commercia
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

Jegstrupvej 3 
8361 hasselager , denmark

+45 24 11 91 49

daNish techNoloGical iNstitute
www .dti .dk

Consultancy / Marketing
Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

kongsvang alle 29 
8000 aarhus , denmark

+45 72 20 20 37
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dsi
www .dsi-as .com

Manufacturer
Supplier

Refrigeration - Industrial

parkvej 5 
9352 dybvad, denmark

+45 98 86 42 99

GersteNBerG schröder
www .gs-as .com

Manufacturer

Refrigeration - Industrial

oestmarken 7 
2860 soeborg, denmark

 +45 70 27 82 22

GraM refriGeratioN
www .gram-commercial .com

Manufacturer
Supplier

Refrigeration - Commercial

aage grams vej 1 
6500 vojens, denmark

+45 73 20 12 00

GruNdfos
www .grundfos .com

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

poul due Jensens vej 7 
8850 bjerringbro, denmark

+45 29 38 29 54

h. jesseN jürGeNseN a/s
www .hjj .dk

Wholesaler

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

tempovej 18-22 
2750 ballerup, denmark

+45 44 20 06 03

hB products a/s
www .hbproducts .dk

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

bøgekildevej 21 
8361 hasselager, denmark

+45 87 47 62 07

iNNotek
www .innotek .dk

Manufacturer
Supplier
Consultancy / Marketing
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary 
essen 10 
6000 kolding, denmark

+45 70 20 23 43

johNsoN coNtrols
www .jci .com

Manufacturer

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

christian d .x’s vej 201 
8270 hoejbjerg, denmark

+45 29 22 71 59

kNudseN køliNG
www .knudsenkoling .dk

Supplier

Refrigeration - Commercial

sandvadsvej 5 
4600 køge, denmark

+45 56 64 63 50
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kuVatek
www .kuvatek .dk

Manufacturer

Refrigeration - Commercial

kuvatek a/s 
parallelvej 2 
9870 sindal, denmark

 + 45 65 96 77 96

Metalfrio solutioNs a/s
www .metalfrio .dk

Manufacturer
Supplier

Refrigeration - Commercial

metalfrio solutions a/s, testrupvj 5 
9620 aalestrup, denmark

+45 96 66 19 02

pG flowtekNik scaNdiNaVia aps
www .pgflowteknik .dk

Manufacturer
Supplier

Refrigeration - Commercial
Refrigeration - Industrial

snedkervej 12 
2630 tåstrup, denmark

+45 73 84 12 30

sVedaN iNdustri koelaNlaeG a-s
www .svedan .com

Manufacturer

Engineering / Contractor
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

haandvaerkerbyen 8 
2760 greve, denmark

+45 43 90 71 11

Vestfrost
 www .vestfrost .dk

Manufacturer
Supplier

Refrigeration - Domestic
Refrigeration - Commercial

spangsbjerg møllevej 100  
6705 esbjerg Ø, denmark

+45 76 10 40 45 

finland
ax coNsultiNG ltd
www .ax .fi

Engineering / Contractor
Consultancy / Marketing

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

kuokkamaantie 4 
33101 tampere, finland

+ 358 32 68 01 11

fiNess eNerGy ltd
www .finess .fi

Manufacturer
Supplier
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Industrial

läntinen pitkäkatu 21-23 a
20100 turku, finland

+358 40 20 00 00 0

huurre Group oy
www .huurre .com

Manufacturer
Engineering / Contractor
Consultancy / Marketing
Training / Research
Service and maintenance provider

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

taivaltie 5
1610 vantaa, finland

+358 40 60 00 00 0
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kesko oy
www .kesko .fi

retail market

satamakatu 3 
16 helsinki, finland

+358 50 40 00 00 0

scaNcool
www .scancool .fi

Manufacturer
Supplier
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

yrittäjäntie 6 
67100 kokkola, finland

+ 358 40 86 13 00 5

france
axiMa refriGeratioN
www .aximaref .com

Manufacturer
Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

6 rue de l’atome
67800 bisheim, france

+33 3 88 19 19 00

carly
www .carly-sa .com

Manufacturer
Supplier

Zi de braille 
69380 lissieu, france

+33 (0) 4 78 47 61 20

cetiM
www .cetim .fr

Engineering / Contractor
Consultancy / Marketing
Containment specialists

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

74 route de la Joneliere
44100 nantes, france

+33 (0) 24 03 73 645

ciat
www .ciat .fr

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Air Conditioning - Stationary

2 avenue Jean falconnier bp14
1350 culoz, france

+33 4 79 42 62 68

Gff (groupe beiJer ref)
www .beijers .com

distributor

Heating - Industrial & Commercial
Refrigeration - Commercial

12 rue des frères lumieres
69720 st bonnet de mure, france

+33 4 72 48 30 00

pauMier
www .ets-paumier .fr

Manufacturer
Engineering / Contractor

Refrigeration - Industrial / Transport
Air Conditioning - Stationary / Mobile
parc d’activités des hautes falaises
76400 fécamp, france

+33 23 51 02 350
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pole cristal
www .pole-cristal .tm .fr

Association

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

48, promenade de la fontain des eaux
22100 dinan, france

+33 2 96 87 20 00 

saNdeN MaNufacturiNG europe
www .sanden-europe .com

Manufacturer
Engineering / Contractor

Heating - Residential & Building
Heating - Industrial & Commercial
Air Conditioning - Mobile

le Quilliou
35190 tinténiac, france

+33 2 99 45 58 58

tecuMseh europe
www .tecumseh .com

Manufacturer

Engineering / Contractor
compressors & condensing unit
Refrigeration - Commercial

2 avenue blaise pascal
38090 vaulx milieu, france

+33 474 822 400

Germany
alpha iNNotec GMBh
www .alpha-innotec .de

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial

industriestrasse 3
95359 kasendor, germany

+49 922 900 000 00

arMatureNwerk alteNBurG
www .awa-armaturenwerk .de

Supplier

Refrigeration - Commercial
Air Conditioning - Stationary

am weißen berg 30
4600 altenburg, germany

 +49 (0) 3447 / 893-0

Bitzer
www .bitzer .de

Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

eshenbrunnlestrasse15
71065 sindelfingen, germany

+49 70 3193 20

Bock kälteMaschiNeN GMBh
www .bock .de

Supplier

Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

benzstraße 7
72636 frickenhausen, germany

+49 7022 94 54 159

caBero
www .cabero .de

Manufacturer
Supplier

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

Jesenwanger straße 50
82284 grafrath, germany

 +49 8144 9396-0

carrier coMMercial refriGeratioN
www .carrier-refrigeration .com

Manufacturer
Engineering / Contractor

Consultancy / Marketing
Refrigeration - Commercial
Refrigeration - Industrial

suerther hauptstrasse 173 
50999 cologne, germany

+49 89 32 15 40
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daikiN GerMaNy
www .daikin .de

Manufacturer
sales of manfufaturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

inselkammerstr .
82008 unterhaching, germany

+49 17 29 00 00 00

eMersoN
www .emerson .com

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

pascalstrasse 65 
52076 aachen, germany

+49 24 08 92 90

esk schultze
www .esk-schultze .de

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Mobile

parkallee 8

16727 velten, germany

 +49 3304 3903 0

freudeNBerG
www .fst .com/ecomaxl/

Supplier

Air Conditioning - Mobile

höhnerweg 2-4
69465 weinheim/bergstraße, germany

+49 (0) 6201 - 80 - 6666

futroN
www .futron .de

Manufacturer
Supplier
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Commercial
Air Conditioning - Stationary

elisabethstraße 29
08491 netzschkau, germany

Gea
www .geagroup .com

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

peter-müller straße 12
40468 dusseldorf, germany

+49 21 19 13 60

Gfkk Gesellschaft für kältetechNik - 
kliMatechNik MBh
www .gfkk .de

Supplier

Engineering / Contractor
Refrigeration - Industrial
Air Conditioning - Stationary

dieselstr . 7
50859 köln, germany
+49 (0) 2234 / 4006 0

GruNdfos GMBh
www .grundfos .de

Manufacturer
Supplier

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

schlüterstr . 33
40699 erkrath, germany

GueNtNer aG & co.kG
www .guentner .de

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

germany
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haas aNlaGeNBau GMBh
www .anlagenbau haas .de

Supplier
Engineering / Contractor

Refrigeration - Industrial

eichfeldstr . 22 
83339 chieming/egerer, germany

+49 (0) 8664 / 98 88 0

heifo rüterBories GMBh & co. kG
www .heifo .de

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

hannoversche str .49
49084 osnabrück, germany

+49 54 15 84 32 46

herl (parker)
www .herl .de

Heating - Industrial & Commercial
Refrigeration - Industrial

wankelstraße 40
50996 köln, germany

 +49 02236 39 00 0

hkt GMBh
www .hkt-goeldner .de

Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

83128 halfing, germany

+49 (0) 8055 9187

ilk dresdeN
www .ilkdresden .de

R&D

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Mobile
Cryogenics

bertoit-brecht-allee 20
01309 dresden, germany
+49 351 4081 520

iNficoN
www .inficon .com

Supplier

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

germany

iNstitut für kälte, kliMa uNd 
uMwelttechNik
www .hs-karlsruhe .de

Consultancy / Marketing
Training / Research
University

fakultät für maschinenbau und mechatronik 
hochschule karlsruhe technik und wirtschaft  
moltkestr . 30 
76133 karlsruhe, germany

+49 721 925 1914

ixetic
www .ixetic .com

Supplier

Air Conditioning - Mobile
heating mobile

georg-schaefflerstraße 1
42499 hückeswagen, germany

+49 21 22 85 20

kaco GMBh&co. kG
www .kaco .de

Manufacturer
Supplier

Air Conditioning - Mobile

heilbronnerstraße 11
74388 talheim, germany
+49 71 34 00 00 00
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kaeltefischer
www .kaeltefischer .de

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Refrigerants + controllers

christof fischer gmbh hauptsitz
augsburger str . 289-293
70327 stuttgart, germany

+49 (07 11) 30 50 2 - 0

kältetechNik dreseN 
BreMeN GMBh
www .dresen kaelte .de

Supplier
Engineering / Contractor

Refrigeration - Industrial
Air Conditioning - Stationary

waller esch 3, 
49594 alfhausen, germany

+49 (0) 5464 96 10 0

kke-systeMtechNische BeratuNG
www .kke-system .de

Engineering / Contractor
Consultancy / Marketing

Heating - Residential & Building
Refrigeration - Commercial
Refrigeration - Industrial

grüner weg 5a
35625 hüttenberg,germany

+49 6447 230

koNVekta aG
www .konvekta .com

Manufacturer
Supplier

Refrigeration - Transport
Air Conditioning - Mobile

am nordbahnhof 5
34613 schwalmstadt, germany

+49 66 91 76 219

kreutzträGer kältetechNik GMBh 
& co. kG
www .kreutztraeger .de

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Large Stationary

theodor barth str . 21
28307 bremen germany

+49 (0) 421 43867 0

liNde
www .linde .com

Manufacturer
Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile
Manufacturer and distributor of refrigerants and some  
related equipment

the priestley centre
gu2 7xy guildford, germany

+44 77 70 80 33 

M-tec
www .m-tec .com

Supplier

Heat pump installer, refrigeration and aircondition
Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
heat recovery industrial and commercial

otto-hahnstraße 6
79395 nuenburg, germany
+49 76 31 70 90

Maja
www .maja .de

Manufacturer

Refrigeration - Commercial

tullastr . 4
77694 kehl-goldscheuer, germany

+49 7854 184 0

peter huBer kälteMaschiNeNBau GMBh
www .huber-online .com

Manufacturer

Refrigeration - Industrial

werner von siemens strasse 1
77656 offenburg, germany

+49 (0) 781 9603 0
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refriGeraNts, Naturally!
www .refrigerantsnaturally .org

Association

Refrigeration - Commercial

Zum talblick 2
61479 glashuetten, germany

+49 6174 964077

schick GMBh + co. kG
www .schickgruppe .de

Manufacturer
Supplier

Gas supply

tafingerstr . 4 
71665 vaihingen/enz, germany

+49 (0) 7042 95 35 0

schick Gruppe
www .schickemzet .de

Supplier
Consultancy / Marketing

Distribution of ammonia and refrigerants

71665 vaihingen/enz, germany
+49 70 42 95 35 0

speck triplex
www .speck-triplex .de

Manufacturer

High pressure plunger pumps 

speck triplex gmbh & co kg 
walkenweg 41
33609 bielefeld, germany

+49 (0)521 970 48 0

teko
www .teko-kaeltetechnik .com

Manufacturer
Supplier

Refrigeration - Commercial
Air Conditioning - Stationary
Air Conditioning - Large Stationary

teko gesellschaft für kältetechnik mbh
carl-benz-straße 1
63674 altenstadt, germany

+49 (0) 60 47 96 30 0

th. witt kälteMaschiNeNfaBrik GMBh
www .th-witt .com

Manufacturer
Supplier

Engineering / Contractor
Refrigeration - Industrial

lukasstr . 32
52070 aachen, germany

+49 (0) 241 / 1 82 08 0

therMea
www .thermea .de

Manufacturer
Supplier

Engineering / Contractor
Heating - Industrial

thermea . energy systems gmbh
poisentalstaße 75
01705 freital, germany

 +49 (0) 351 640 150 

therMofiN GMBh
www .thermofin .de

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Large Stationary

am windrad 1 
08468 heinsdorfergrund, germany

+49 (0)37 65 38 00 0

therMowaVe Gesellschaft für 
wärMetechNik MBh
www .thermowave .de

Supplier
Refrigeration - Commercial

Refrigeration - Industrial

eichenweg 4
6536 berga, germany

+49 341 600 37931
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tlk-therMo GMBh
www .tlk-thermo .de

Engineering / Contractor
Consultancy / Marketing
Training / Research

Heating - Residential & Building / Industrial & Commercial
Refrigeration - Domestic / Commercial / Industrial / Transport
Air Conditioning - Stationary / Mobile

hans-sommer-str . 5
38106 braunschweig, germany

+49 53 14 00 00 00

VaillaNt
www .vaillant .de

Manufacturer

Heating - Residential & Building
Refrigeration - Domestic
Air Conditioning - Stationary

berghauser strasse 40
42859 remscheid, germany

+49 21 91 18 27 54

VulkaN lokriNG
www .vulkan-lokring .de

Manufacturer

Heating - Residential & Building
Refrigeration - Commercial / Industrial
Air Conditioning - Stationary / Mobile
Tube connections in the field of cooling/air  
Conditioning technology

heerstraße 66,  
44653 herne, germany

postfach 20 04 68,   
44634 herne, germany

+49 23 25 92 23 04

wielaNd-werke aG
www .wieland .de

Supplier

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

graf-arco-str .36
89079 ulm, germany

+49 73 19 00 00 00
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Greece
afoi MouteVeli ltd & co ee
www .otenet .gr

Manufacturer
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial

andrianopoulou 16 & prespas
18346 moshato, greece

+30 21 05 00 00 00

friGoGlass
www .frigoglass .com

Manufacturer

Refrigeration - Commercial

15a metaxa str . 
14564 kifissia, athens, greece

+30 210 61 65 400

halcor
www .halcor .gr/en/

Supplier

All
Copper Tubing

53 th km national road 
32011 athens-lamia, greece 

+30 226 20 53 158

koNtes sa
www .kontes .gr/sites/eng/

Manufacturer
Supplier
Refrigerant Repackager

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

12 egaleo str .
18545 piraeus, greece

+30 21 05 00 00 00

hunGary
lhG kft.
www .lhg .hu

Manufacturer
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial

alkotmány u . 86 .
h-2800 tatabánya, hungary

+36 209 715 738

QplaN kft.
www .qplan .hu

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial

bécsi út 240/b .
h-1037 budapest, hungary

+36 30 92 53 087
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ireland
ecocute iNNoVatioN aNd desiGN ltd
www .ecocute .ie

Engineering / Contractor

Heating - Industrial & Commercial

5 centre point, marina commercial park,  
centre park road
cork, ireland

+35 32 14 00 00 00

h&k iNterNatioNal
www .hki .com

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial

knockmitten house,
knockmitten lane, nangor road,
dublin 12, ireland . 

+35 3 1 60 55 400

iNGersoll raNd therMo kiNG
ingersollrand .com

Manufacturer
Supplier
Engineering / Contractor
Consultancy / Marketing

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

rupprechtstr .10
de-85399 hallbergmoos, ireland

+35 3 498 112 926

Mrslref
www .mrslref .com

Engineering / Contractor

Refrigeration - Industrial

park house, park road
killarney kerry, ireland

+35 3 87 328 3511

Murco
www .murco .ie

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

114a georges street lower
dun laoghaire, ireland

+35 3 12 84 63 88

rsl (irl) ltd
www .rslireland .com

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

unit 46, ballybane ind . est .
galway, ireland

+35 38 72 00 00 00
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italy
Blue frost
www .bluebox .it

Manufacturer

Heating - Industrial & Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

via valletta, 5
30010 cantarana di cona, italy
+39 04 26 92 11 11

Blupura
www .blupura .com

Manufacturer

Refrigeration - Domestic
Refrigeration - Commercial

via aldo moro snc
60022 castelfidardo an, italy

+39 07 20 00 00 00

carel
www .carel .com

Supplier

Refrigeration - Commercial
Air Conditioning - Stationary

via del industria 11
35020 brugine padova, italy
+39 04 99 71 66 11

castel
www .castel .it

Supplier

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

via provinciale, 2/4
20060 pessano, italy

 +39 02 95 70 21

costaN spa
www .costan .com

Manufacturer
Engineering / Contractor

Refrigeration - Commercial

via degli alpini 14
32100 limana,italy

+39 04 38 00 00 00

doriN
www .dorin .com

Supplier

Heating - Residential & Building
Refrigeration - Commercial
Refrigeration - Industrial

via aretina 388
50061 compiobbi, italy

+39 33 51 00 00 00

eliwell coNtrols srl
www .eliwell .it

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

via dell’industria 15
32010 pieve d’alpago, italy

+39 04 38 00 00 00

eNex srl
www .enex .it

Manufacturer

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

via camalo 22
31050 ponzano, italy

+39 04 22 00 00 00

epta
www .eptarefrigeration .com

Manufacturer

Refrigeration - Commercial

via mecenate 86 
20138 milano, italy

+39 02 55 40 32 11
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frascold spa
www .frascold .it

Supplier

Heating - Residential & Building
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

v . barbara melzi 105
20146 rescaldina (mi), italy

+39 03 31 74 22 01

G.i. iNdustrial holdiNG
www .gind .it

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

via max piccini 11/13
33050 rivignano, italy

+39 34 07 00 00 00

Galileo tp
www .galileotp .com

Manufacturer
Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Large Stationary

via del pantano 73
50018 scandicci, italy

+39 055 722 17 31

GeocliMa
www .geoclima .com

Manufacturer
Engineering / Contractor

Refrigeration - Commercial
Air Conditioning - Stationary

via dell’ industria, 12
34077 ronchi dei legionari (go), italy

+39 0481 774411

iarp
www .iarp .it

Manufacturer
Supplier

Refrigeration - Commercial

via achille grandi 43 – Zona industriale
15033 casale monferrato, italy

+39 (0) 14 24 36 11

iGlu cold systeMs srl
www .iglu .it

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial

via agnelli 6
33089 villotta di chions, italy

+39 0434 630 840

iNdesit deutchlaNd
www .indesitcompany .com

Manufacturer

Refrigeration - Domestic

viale aristide merloni, 47
60044 fabriano (an), italia

+39 0732 66 11

ird iNiziatiVe – refriGera
www .refrigera .eu

manufacturer

refrigeration - industrial

via chiavornicco 76
33084 cordenons, italy

+39 0434 54 22 66

lu-Ve
www .luve .it

Supplier

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

via caduti della liberazione 53
21040 uboldo, italy

+39 02 96716 1
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Maflow Brs
www .maflow .it

Supplier

Refrigeration - Transport
Air Conditioning - Mobile

Zona ind .le campolungo
63100 ascoli piceno, italy

+39 07 36 00 00 00

ocs di MaGGiolo GiaNcarlo
www .ocsmaggiolo .it

Manufacturer

Refrigeration - Industrial

via leonardo da vinci 18/20
35020 brugine(pd), italy

+39 049 973 01 84

riNNai italia
www .rinnai .it

Manufacturer

Heating - Residential & Building
Heating - Industrial and Commercial

via morbidina di Quartirolo 2b
41012 carpi (mo), italy

+39 059 6229248

riVacold
www .rivacold .com

Manufacturer
Supplier

Refrigeration - Commercial
Refrigeration - Industrial

via sicilia 7
61020 montecchio, italy

+39 0721 919911

roBur
www .robur .it

Manufacturer

Heating - Residential & Building
Air Conditioning - Stationary

viale parigi 4/6
24020 verdellino, italy

+39 33 557 89 557

scM friGo
www .scmfrigo .com

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial

strada Zona indutriale 10 
35020 vigoro veadi sant angelo
di piove di sacco pd,italy

+39 04 99 70 50 00

scotsMaN friMoNt spa
www .frimont .it

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial

via puccini 22
20010 pogliano milanese, italy

+39 0294 00 00 00

settala Gas spa
www .settalagas .it

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

via delle industrie 18
20090 settala, italy

+39 348 870 50 08

teklaB
www .teklab .biz

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial

via emilia ovest 1179
41123 modena, italy

+39 059 375 498
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therMocold
www .thermocold .it

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Air Conditioning - Stationary

via dei ciclamini 25
70026 modugno, italy

+39 080 531 26 23

wiGaM
www .wigam .it

Manufacturer
Supplier

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Mobile
Refrigerant recovery equipment + Detection systems  
+ Refrigerant bottles

wigam spa loc . spedale 10/b 
52018 castel s . niccolo, rezzo, italy

+39 0575 5011

lithuania luxemBOurG
jsc rolVika
www .rolvika .lt

Manufacturer
Supplier

Engineering / Contractor
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

kirtimu str .59
lt-02244 vilnius, lithuania

+37 052 602 088

cool-tec sa
www .cool-tec .lu

Supplier

Engineering / Contractor

Z .i . rolach hall 2
luxembourg

+35 2 26 35 51 24
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macedOnia
eNerGija doo
www .energija .com .mk

Supplier

Heating - Residential & Building
Refrigeration - Industrial
Air Conditioning - Stationary

londonska 1a
1000 skopje, macedonia

+389 2 3061 466

iNfoset ltd
ww .infoset .com .mk

Manufacturer
Supplier

Engineering / Contractor
Heating - Residential & Building / Industrial & Commercial
Refrigeration - Commercial / Industrial
Air Conditioning - Stationary

serska 2b
1000 skopje, macedonia

+389 22 70 08 78

ozoN dooel
baso@unet .com .mk

Manufacturer
Supplier

Engineering / Contractor
Heating - Residential & Building / Industrial & Commercial
Refrigeration - Domestic / Commercial
Air Conditioning - Stationary

Zagrebska 45
1000 skopje, macedonia

+38 92 30 91 212

netherlands
cool GreeN solutioNs
www .coolgreensolutions .nl

Manufacturer

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

postbus 369
4460 at goes, the netherlands

+31 (0) 113 22 28 33

coldstoredesiGN
www .coldstoredesign .com

Engineering / Contractor

Refrigeration - Industrial

p .o . box 370
nl-8000 aJ Zwolle, netherlands
+31 38 452 4858

flaMco
www .flamcogroup .com

Supplier

Heating - Industrial
Refrigeration - Industrial
Air Conditioning - Large Stationary

amersfoortseweg 9 
3751 lJ bunschoten, the netherlands

+31 (0) 33 299 75 00

iNdutherM BV
www .indutherm .nl

Supplier

Heating - Industrial & Commercial
Refrigeration - Industrial

vijzelweg 10
5144gh waalwijk, netherlands

+31 416 674 552

kwa BusiNess coNsultaNts
www .kwa .nl

Consultancy / Marketing
Training / Research

Heating - Industrial & Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

regentesselaan 2
3818 hJ amersfoort, the netherlands

+31 33 42 21 330

Nlr
www .nlr .nl

Research Institute
Thermal control systems for industry and space applicatons

voorsterweg 31
8316pr marknesse, netherlands

+31 527 24 8628
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p.w. VlaskaMp B.V. refriGeratioN 
coNsultaNcy
www .vlaskamp .biz

Consultancy / Marketing

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

albert ruylweg 3
4254 ew sleeuwijk, netherlands

+31 18 33 10 848

siMrax BV
www .nl .ekk-eagle .com

Manufacturer
Engineering / Contractor

Compressor seals

hopelerweg 250
6468 xx kerkrade, the netherlands

+31 45 54 69 209

uNiecheMie
www .uniechemie .nl

Supplier
Wholesaler

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

aruba 21
7332bJ apeldoorn, the netherlands

+31 55 53 80 643

VaN keMpeN koudetechNiek
www .vankempen-tiel .nl

Engineering / Contractor

Refrigeration - Industrial
Air Conditioning - Stationary

spoorstraat 14
4001 cn tiel, the netherlands

+31 344 63 48 84

Vhk
www .vhk .nl

consultancy / research for policies

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

elektronicaweg 14
2628 xg delft, the netherlands

+31 15 27 55 755

wijBeNGa B.V.
www .wijbenga .nl

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Industrial

de aaldor 12
4191pc geldermalsen, the netherlands

+31 345 681549

peNtair haffMaNs
www .pentair .com

Manufacturer 
Supplier

Engineering / Contractor 
CO2 Recovery incl. purification and liquefaction

marinus dammeweg 30
5928 pw venlo, netherlands

+31 77 32 32 300
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nOrway
BørreseN cooltech as
www .borresen .no

Manufacturer
Supplier
Engineering / Contractor
Consultancy / Marketing

Training / Research
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

oslo, norway

+47 97 73 98 47

elMo tekNikk as
www .elmo .no

Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Commercial
Air Conditioning - Stationary

gammelseterlia 12
6421 molde, norway

+47 97 64 13 91

hydro
www .hydro .com

Supplier

Air Conditioning - Mobile

drammensveien 260
no-0283 oslo, norway

+47 22 53 81 00

reNkulde
http://renkulde .no

Supplier

All

brobekkveien 90
0582 oslo, norway

+47 22 08 78 00

siNtef
www .sintef .no

Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic /  Commercial
Refrigeration - Industrial / Transport
Air Conditioning - Stationary / Mobile

stindveien 4
trondheim, norway

+47 73 59 30 00

sweco NorGe as
www .sweco .no

Consultancy / Marketing

Heating - Industrial & Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

storetveitvegen 98
5072 bergen, norway

+47 99 15 03 87

therMo coNsult
www .thermoconsult .no

Supplier
Engineering / Contractor

Heating - Industrial & Commercial Heating - Industrial
Refrigeration - Commercial
Refrigeration - Industrial

ilebergveien 3
n-3011 drammen, norway

+47 32 21 90 50

troNdheiM kulde
www .trondheimkulde .no

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Large Stationary

sorgenfri road 18 
7037 trondheim, norway

+47 73 83 26 80 

VarMepuMpeN as
Engineering / Contractor

Heating - Residential & Building

dagaliveien 14
1356 bekkestua, norway

+47 47 02 28 41
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pOland
kliMa-therM
www .klima-therm .pl

Supplier
Engineering / Contractor
Training / Research

Heating - Industrial & Commercial
Refrigeration - Commercial
Air Conditioning - Stationary

ul . tarnowiecka 54
04-174 warszawa, poland

+48 22 517 36 00

pph cool
www .cool .pl

Manufacturer
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

lipowa 10
chotomów, poland

+48 662 129 833

 

rOmania
aBtechNic profesioNal srl
www .abtehnic .ro

Supplier
Engineering / Contractor
Consultancy / Marketing

Heating - Residential & Building / Industrial & Commercial
Refrigeration - Domestic / Commercial / Industrial
Air Conditioning - Stationary

str . alunisului 164
40747 bucharest, romania
+40 722 740 721

sc friGotehNics serV coM srl
www .friginstall .ro

Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial

morarilor nr 1
2245 bucharest, romania

+40 72 35 66 747
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serBia
air cool
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

dj .andrejevica-kuna 11
18000 nis, serbia

+381 18 575381

terMes
Engineering / Contractor
Consultancy / Marketing

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary

Zmaj Jovina 17/19
34000 kragujevac, serbia

+381 34 371 561

spain
BeMa iNdustrial
www .bema-exergetica .com

Engineering / Contractor

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

villamanin, 37 3ºe
28011 madrid, spain

+34 91 52 61 733

cofrico s.l.
www .cofrico .com

Installer

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

p .i . bergondo, c/parroquia de guisamo b06
15165 bergondo, a coruña, spain

+34 902 241 365

cuBiGel coMpressors
www .cubigel .com

Supplier

Refrigeration - Commercial

c/ antoni forrellad i solá 2
08192 sant Quirze del vallès, barcelona , spain

+34 937 10 60 08

electroauto, sa.
www .electroauto .net

Manufacturer
Engineering / Contractor

Training / Research
Air Conditioning - Mobile

timanfaya, 39 6b
28924 alcorcon, spain

+91 66 90 475

frost-trol
www .frost-trol .com

Manufacturer

Refrigeration - Commercial

ctra . valencia-barcelona, km . 68,9, p .o box 55
12004 castellón, spain

+34 964 34 27 40

koxka
Manufacturer

Refrigeration - Commercial

polygon landaben c / a s / n
31012 pamplona, spain

+34 948 18 81 00
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tewis systeMs
www .tewis .com

Manufacturer
Engineering / Contractor
Consultancy / Marketing

Training / Research
Refrigeration - Commercial
Refrigeration - Industrial

c/traginers nº5
46014 valencia, spain

+34 96 31 34 049

upV
www .upv .es

Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile
Research in energy

camino de vera s/n
46022 valencia, spain

+34 96 28 79 120

VaseGrupo españa
Supplier
Engineering / Contractor
Consultancy / Marketing
Distribuitor

Heating - Industrial & Commercial
Refrigeration - Industrial

c/ smara 9
33204 gijon, spain
+34 98 42 93 476

zaNotti iBerica s.l.
www .zanotti .com

Manufacturer
Supplier

Refrigeration - Commercial / Industrial / Transport

c/k nave 15 i .e . el oliveral
46394 ribarroja del turia (valencia), spain

+34 902 55 55 44

sweden
alfa laVal
www .alfalaval .com

Supplier

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

rudebok svagen 1
22655 lund, sweden

+46 46 36 65 00

cuproBraze
www .cuprobraze .com

Association

Heating - Industrial & Commercial

c/o advokatbyrån broomé ab stora torget 6 
se72215 västerås, sweden

eNrad aB
www .enrad .se

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

olovsholmsgatan 32
50634 boras, sweden

+46 73 99 32 673
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GreeN & cool
www .greenandcool .com

Manufacturer
Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

ullebovägen 1
43253 varberg, sweden

+46 767 778 702

haGluNd iNdustri
www .haglundindustri .se

Manufacturer
Supplier

Refrigeration - Commercial

sweden

+46 (0) 321 29 990

luVata
www .luvata .com

Consultancy / Marketing

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Transport
Air Conditioning - Mobile

61481 söderköping, sweden

+46 121 191 00

NiBe aB
www .nibe .se

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial

box 14
28521 markaryd, sweden

+46 705 709 489

raMBöll sVeriGe aB
www .ramboll .se

Consultancy / Marketing

Refrigeration - Industrial

box 17009
10462 stockholm, sweden

+46 106 156 000

srs friGadoN ltd
www .srs-comp .com

Manufacturer
Supplier

Refrigeration - Commercial
Air Conditioning - Stationary

frigadon ab box 7001 
s-300 07 halmstad, sweden

+46 (0) 35 16 64 60

swep
www .swep .net

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

hjalmar brantings väg 5, p .o . box 105 
26121 lanskrona, sweden

+46 418 40 04 00

teMper techNoloGy aB
www .temper .se

Manufacturer
Supplier

Fluid supply

exportgatan 49
422 46 hisings backa, sweden

+46 (0) 31 748 04 05

traNter iNterNatioNal aB
www .tranter .com

Supplier

Heating - Industrial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Large Stationary

box 1325
46228 vänersborg, sweden

+46 (0) 521 79 98 00
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switzerland
a. schleiss aG
www .schleissag .ch

Manufacturer
Supplier

Engineering / Contractor
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

breite 18
ch-4312 magden, switzerland

+41 61 841 23 13

alpiQ
www .alpiq-energyservices .ch

Engineering / Contractor
Installer

Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary
Air Conditioning - Mobile

route de morrens 8
1053 cugy, switzerland

+41 21 731 92 93

friGo-coNsultiNG aG
www .frigoconsulting .ch

Engineering / Contractor
Consultancy / Marketing
Training / Research

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

feldstrasse 30
3073 guemligen, switzerland

+41 (0)31 996 48 48

friotherM aG
www .friotherm .com

Manufacturer
Supplier

Engineering / Contractor
Heating - Industrial & Commercial

Zürcherstr . 12 
8401 winterthur, switzerland

+41 (0) 52 / 2 62 80 80

GeorG fischer pipiNG systeMs aG
www .georgfischer .com

Manufacturer

Refrigeration - Commercial
Refrigeration - Industrial
Piping Systems

ebnatstr . 111
ch 8201 schaffhausen, switzerland

+41 (0) 52 / 631 3500

jäGGi/GüNtNer aG
www .jaeggi-hybrid .ch

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Industrial
Air Conditioning - Stationary

hirschgässlein 11
4051 basel, switzerland

+41 (0) 61 560 9100

kiMessa
www .kimessa .com

Supplier

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

promenade de la borgne 5
1967 bramois, switzerland

+41 (0) 22 756 00 00

parker haNNifiN
www .parker .com

Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

ch . fbg de cruseilles 16
1227 carouge/geneva, switzerland

+41 22 30 77 247

paulus schweiz aG
www .paulusag .ch

Supplier
wholesaler

Refrigeration - Commercial
Air Conditioning - Stationary

neuhofweg 50
4147 aesch, switzerland
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ssp kälteplaNer aG
www .kaelteplaner .ch

Engineering / Contractor
Consultancy / Marketing

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial

bittertenstrasse 15
4702 oensingen, switzerland

+41 62 388 03 50

walter wettsteiN aG
www .wwag .ch

Supplier
Engineering / Contractor

Training / Research
Heating - Industrial
Refrigeration - Industrial

mattenstr . 11
3073 gümlingen, switzerland

+41 (0) 31 952 6262

turkey
friterM
www .friterm .com

Supplier

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

organize deri san . bölgesi 18 . yol tuzla
34957 istanbul, turkey

+90 216 394 12 82

Gokceler ic Ve dis tic soG sis as
www .refricomp .eu

Supplier

Refrigeration - Industrial

cesmebasi mh . aksemsettin cd . no:27
16335 bursa, turkey

+90 555 349 19 90

kalfa eNerji sisteMleri  
Ve iNs saN tic ltd sti
www .kalfasan .com

Engineering / Contractor

Heating - Residential & Building

sait halim pasa cad no 31 yeniköy
34464 istanbul/sariyer, turkey

+90 53 37 00 00 00

karyer
www .karyergroup .com

Supplier

Refrigeration - Commercial

topcular mah . tikvesli yolu no:8
34140 topcular - eyüp / istanbul, turkey

+90 212 567 55 09

pepsico BeVeraGes turkey
www .pepsico .com

Refrigeration - Commercial

tekfen tower buyukdere cad . no:209 4 . levent
34394 istanbul, turkey

+90 21 23 00 00 00
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ukraine
priMeholod
www .ukr .net

Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

kharkovskiy,st ., 3-a
2121 kiev, ukraine

+38 044 560-73-40

ДП “НиколаевхолоД”
Engineering / Contractor

Heating - Residential & Building
Refrigeration - Domestic
Refrigeration - Industrial

ул .Електронная 81/8
54031 Николаев, ukraine

+38 051 300 0000

united kindOm
aht cooliNG
www .ahtcooling .co .uk

Supplier

Refrigeration - Commercial

top angel, buckingham industrial park
buckingham mk18 1th, uk

+44 (0) 1280 826 600

arctic circle ltd
www .acl-online .com

Manufacturer
Training / Research

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

coldnose court, coldnose rd  
rotherwas industrial estate
hr2 6Jl hereford, uk

+44 143 237 45 37

Bja refriGeratioN coNsultiNG  
eNGiNeers
www .bjacool .co .uk

Consultancy / Marketing

Refrigeration - Commercial
Refrigeration - Industrial

bridge mills
hd9 3tw holmfirth, uk

BliGhliNe ltd
www .blighline .co .uk

Manufacturer
Supplier

Refrigeration - Commercial

lakesview business park
ct34JQ canterbury, uk

+44 788 072 09 69

Boc
www .boc .com

Supplier

gas supply

priestley centre
gu27xy guildford, uk

+44 788 150 07 58

carter retail eQuipMeNt
www .cre-ltd .co .uk

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial
Refrigeration - Industrial

carter coldstore systems
redhill road, hay mills
b25 8ey birmingham, uk

+44 (0) 121 250 1000
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carter syNerGy
www .cartersynergy .com

Supplier
Engineering / Contractor

units 7&8, heathrow
causeway estate, ariel way
tw4 6Jw hounslow, london, uk

+44 (0) 208 630 22 00

ccs refriGeratioN ltd
www .ccsltd .net

Supplier
Engineering / Contractor
Consultancy / Marketing

Refrigeration - Commercial
Refrigeration - Industrial

the barn, middle bleansley
la20 6ar cumbria, uk

+44 845 241 4955

cheMViroN carBoN
www .chemvironcarbon .com

Manufacturer

Supplier of activated carbons for  
gas storage and delivery

edgar house, lockett road
wn4 8de ashton-in-makerfield, uk

+44 (0) 1942 275 400

MillBrook house
www .dimplex .co .uk

Manufacturer
Supplier

Heating - Residential & Building
Heating - Industrial & Commercial

millbrook house, grange drive, hedge end, 
so30 2df southampton, hants, united kingdom

+44 (0) 845 600 5111

earthcare products ltd
www .earthcareproducts .co .uk

Supplier

Heating - Industrial & Commercial
Refrigeration - Commercial
Air Conditioning - Stationary

405 mill studio
sg12 9py ware, uk

+44(0) 84545 08480

eco-fridGe uk ltd
www .eco-fridge .co .uk

Manufacturer

Refrigeration - Commercial

2 wedgwood road
ox26 4ul bicester, uk

+44 (0) 1869 249965

f & t refriGeratioN ltd
www .ftrefrigeration .co .uk

Engineering / Contractor

Heating - Residential & Building
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

d c griffiths way
sa11 1bt neath, uk

+44 (0) 1639 634171

foster refriGeratioN ltd.
www .fosterrefrigerator .co .uk

Manufacturer

Refrigeration - Commercial

oldmedow road, king’s lynn
pe30 4Ju norfolk, uk

+44 (0) 843 216 8800
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GeorGe Barker&co.
www .georgebarker .co .uk

Manufacturer

Refrigeration - Commercial

highfield road
bd108ru bradford,uk

+44 1274 703200

Gr scott ltd
www .grscott .co .uk

Manufacturer
Supplier
Engineering / Contractor
Consultancy / Marketing

Refrigeration - Commercial
Refrigeration - Industrial

nova scotia works, dale street
wf5 9hQ ossett, uk

+44 (0) 1924 273537

heNry techNoloGies
www .henrytech .co .uk

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

mossland road, hillington park
g52 4xZ glasgow, uk

+44 (0) 141 810 9181

hrp ltd
www .hrponline .co .uk

Supplier
Training / Research

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

rougham industrial estate
ip30 9xa bury st edunds, uk

+44 1753 495 7000

husky Group
www .huskyproducts .com

Manufacturer

Refrigeration - Commercial

unit 8b loughway business park
bt34 2th newry co . down, uk

+44 870 062 20 10

hysaVe
www .hysave .co .uk

Manufacturer
Supplier
Engineering / Contractor
Training / Research
Refrigeration - Commercial

Refrigeration - Industrial
Refrigeration - Transport

second avenue
ba34bh midsomer norton,uk

+44 1761 416 123

i-a.c.systeMs
www .ac-systems .com

Supplier

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

bibury close
se15 6ae london, uk

+44 20 8133 3679

ics heatpuMp
www .icsheatpumps .co .uk

Supplier

Heating - Residential & Building
Heating - Industrial & Commercial

3 trident business park, amy Johnson way
fy4 2rp blackpool, uk

+44 (0) 8452 417 617

ids
www .ids .com

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

bs11 9hl bristol, uk
+44 791 000 0000
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iNstitute of refriGeratioN uk
ww .ior .org .uk

Association

Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary

kelvin house, 76 mill lane
sm5 2Jr carshalton, uk

+44 (0) 208 647 7033

iNterleViN Group 
www .interlevin .co .uk

Manufacturer

Refrigeration - Commercial

west meadow rise, castle donington
de74 2hl derby, uk

 +44 (0) 1332 850090

MoNtGoMery refriGeratioN
www .montgomery-ltd .co .uk

Supplier
Engineering / Contractor
Consultancy / Marketing

Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

5 falcon road adelaide industrial estate
bt12 6rd belfast, uk

+44 798 940 35 05

Nh3 refriGeratioN
www .nh3 .co .uk

Supplier
Engineering / Contractor
Consultancy / Marketing

Refrigeration - Industrial

1 minton enterprise park
cb8 7yy newmarket, uk

+44 788 414 82 44

rd&t
www .rdandt .co .uk

Training / Research

Refrigeration - Domestic
Refrigeration - Commercial

churchill building
bs405du langford, uk

+44 117 900 0000

rda (eNViroNMeNtal  
eNGiNeeriNG liMited)
www .rda-eng .com

Manufacturer
Supplier

Refrigerant recovery equipment

riverway industrial estate
po30 5ux newport, isle of wight, uk

+44 (0) 1983 821189

re-phridGe
www .re-phridge .co .uk

Engineering / Contractor
Consultancy / Marketing
Training / Research

Refrigerants

po box 4745
cv37 1fe stratford-upon-avon, uk

resource data MaNaGeMeNt
www .resourcedm .com

Supplier

Refrigeration - Commercial
Refrigeration - Industrial

80 Johnstone avenue
g52 4nZ glasgow, uk

+44 (0) 141 810 2828

seward refriGeratioN
www .sewardrefrigeration .com

Supplier
Engineering / Contractor

Refrigeration - Industrial

unit 8, platinum road,
off cobalt avenue, urmston
m41 7lJ manchester, uk

+44 (0) 161 724 0357
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shrieVe products iNterNatioNal
www .shrieve .co .uk

Supplier

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

suite 21, 70 churchill square
me19 4yu west malling, uk

+44 173 300 0000

space eNGiNeeriNG serVices
www .space-engineering .co .uk

Manufacturer
Engineering / Contractor

Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

causeway central, pioneer park
bs4 3Qb bristol, uk

+44 0845 602 0670

star refriGeratioN
www .star-ref .co .uk

Manufacturer
Engineering / Contractor
Consultancy / Marketing
Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Commercial
Refrigeration - Industrial

thornliebank ind est
g46 8Jw glasgow, uk

+44 141 638 7916 

titaN eNGiNeeriNG ltd.
www .titan engineering .co .uk

Supplier
Engineering / Contractor

Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Large Stationary

cornwall house 
station approach princes risborough
hp27 9dn buckinghamshire, uk

+44 (0) 1844 / 342 581

true MaNufacturiNG
www .truemfg .com

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial

field’s end road, goldthorpe, nr .rotherham
s639eu southyorkshire, uk

+44 (0) 1709888080

Verco liMited
www .ver .co .uk

Manufacturer
Supplier

Refrigeration - Commercial

hithercroft road
wallingford
ox10 9dg oxfordshire, uk

+44 (0) 1491 839966

wika iNstruMeNtatioN ltd
www .wika .co .uk

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic / Commercial
Refrigeration - Industrial / Transport
Air Conditioning - Stationary / Mobile
Instrumentation

4 gatton park business centre
rh1 3lg mershtham redhill, uk

+44 787 040 19 47

williaMs refriGeratioN
www .williams-refrigeration .com

Manufacturer
Supplier
Engineering / Contractor

Refrigeration - Commercial
Charging and evacuation stations

bryggen road, north lynn indust ., est .
pe30 2hZ king’s lynn, uk

+44 (0) 1553 817 000

saNyo electric co., ltd.
http://eu .sanyo .com

Manufacturer

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Air Conditioning - Stationary

18 colonial way
370-0532 watford, herts,wd24 4pt, uk

+44 (0) 1923 246363
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eurOpe
area (air conditioning & refrigeration european 
association)
area .autodesk .com

Association

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

bd . a . reyers 80
1040 brussels, belgium

+32 2 706 82 37

ehpa (european heat pump association)
www .ehpa .org

Association

renewable energy house
rue d’arlon 63-67
b-1040 brussels, belgium

+32 24 00 10 17

rehVa (federation of european heating, ventilation &  
air conditioning associations)
www .rehva .eu

Association

40 rue washington
1050 brussels, belgium

+32 2 51 41 17

united kinGdOm
Bra (british refrigeration association)
www .feta .co .uk

Association

federation of environmental trade 
associations ltd
2 waltham court, milley lane
hare hatch, reading
rg10 9th berkshire, uk

+ 44 (0)118 940 3416

The pulse supporTers (helped To disseMinaTe survey)
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internatiOnal
iir (international institute of refrigeration)
www .iifiir .org

Training / Research
Association

177, boulevard malesherbes
75017 paris, france
international

+33 1 42 27 32 35

iiar (international institute of ammonia refrigeration)
www .iiar .org

Association

1001 n . fairfax street, suite 503
va 22314 alexandria, us

+1 703 312 4200

eurOpe BelGium
euraMMoN
www .eurammon .com

Association

lyoner strasse 18 
60528 frankfurt,germany

+49 (0)69 6603 1277

ecsla (european cold storage and logistics)
www .ecsla .be

Association

Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport

4, rue Jacques de lalaing
1040 brussels, belgium

+32 2 514 56 60

khliM
www .khlim .be

Training / Research

Refrigeration - Commercial

centrum Zuid 2413/40c
3530 houthalen, belgium

+32 47 89 04 165

denmark
authorized refriGeratioN  
ViNstallers associatioN (akB)
www .koeleteknik .dk

Association

vestergade, 28 - postboks 323
4000 roskilde, denmark

+45 46 32 21 11

kVca (køle virksomhedscenter, alsion-dk)
www .kvca .dk

Association

Refrigeration - Domestic / Commercial
Refrigeration - Industrial / Transport
Air Conditioning - Stationary / Large Stationary
alsion 2
6400 sønderborg, denmark

+45 6550 8090

hvaC&r assoCiaTions & researCh insTiTuTes
used as sOurces, replied tO survey, prOvided infOrmatiOn fOr the “Guide”
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france
ceMafroid
www .cemafroid .fr

Training / Research

parc de tourvoie, bp 134, 
92185 antony cedex, france

+33 1 40 96 65 06

aff (association française du froid)
www .aff .asso .fr

Association

Refrigeration - Industrial

2 impasse des mésanges
1350 culoz, france

+33 4 79 42 62 68

cnam
www .cnam .fr

Training / Research

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary
Air Conditioning - Mobile

france

Germany
karlsruhe uNiVersity of  
applied scieNce
www .hs-karlsruhe .de

Training / Research

moltkestrasse 30
76133 karlsruhe, germany

+49 721 925 1843

Giz
www .giz .de

Not-for-profit organisation

friedrich-ebert-allee 40
53113 bonn, germany

+49 228 44 60-0
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italy
associazioNe dei tecNici del freddo
www .associazioneatf .org

Training / Research
Association

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Refrigeration - Transport
Air Conditioning - Stationary / Mobile

via alessandria 26
15033 casale monferrato, italy

+39 014 20 00 000

def - uNiVersity of floreNce
www .vega .de .unifi .it

Training / Research

CO2 cycles

via s . marta, 3
50139 firenze, italy

eNea
www .enea .it

Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial

via anguillarese,301
123 roma italy

+39 063 000 00 00

netherlands
eiNdhoVeN ceNter for  
sustaiNaBilit ecfs
Training / Research

technical university, connector 1 .15b 
het eeuwsel 6, p .o . box 513
5600 eindhoven, netherlands

+31 40 247 4463

NVkl (nederlandse vereniging van  
ondernemingen op het gebied van de  
koudetechniek en luchtbehandeling)

www .nvkl .nl

Association

boerhaavelaan, 40 - postbus 190,
2700 ad Zoetermeer, netherlands

+31 88 400 84 90

re/GeNt
www .re-gent .nl

Training / Research

lagedijk 22 
5705bZ helmond, netherlands

+31 492 476365

nOrway
Vke (foreningen for ventilasjon kulde  
og energi - norwegian refrigeration 
and hvac association)

Association

box 5467 majorstuen
0305 oslo, norway
+47 23 08 77 01
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pOrtuGal spain
tecsisel, lda
www .tecsisel .pt

Training / Research

industrial and building automation
edificio tecsisel 
rua das Queimadas, nº6 - sernada
3505-330 viseu, portugal

+351 23 20 00 000

therMal eNGiNeeriNG Group 
 jauMe i uNiVersity
www .uji .es

Training / Research

Refrigeration - Commercial
Refrigeration - Industrial

campus riu sec
e12071 castellón de la plana, spain

+34 964728136

sweden
sp techNical research iNstitute of 
swedeN
www .sp .se

Training / Research

sp technical research institute of sweden 
50115 boras, sweden

+46 10 516 5544

aMMoNia partNership aB
www .ammoniapartnership .se

Training / Research

Refrigeration - Commercial
Refrigeration - Industrial

nyponv . 24
263 62 viken, sweden

+46 42 238155

switzerland united kinGdOm
hsr fachhochschule rapperswil
www .hsr .ch

Training / Research

Heating - Residential & Building
Heating - Industrial & Commercial
Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary

oberseestr . 10
8640 rapperswil, switzerland

+41 55 222 4333

techtraiN associates ltd
www .techtrain .co .uk

Training / Research

Refrigeration - Domestic
Refrigeration - Commercial
Refrigeration - Industrial
Air Conditioning - Stationary
Air Conditioning - Mobile

unit c4, beighton link business park 
old colliery way
s20 5nl sheffield, uk

+44 (0) 114 2871930



www.danfoss.com/co2

+2000
trusted co2 systems

including more than 1000 
transcritical systems

60%
reduction in co2

equivalent emissions
can be achieved in food 
retailers’ ref rigeration 
systems by replacing 
synthetic refrigerants with 
natural co2 . 

keep it clean. protect the environment
with danfoss natural refrigerants solutions
the industry is moving towards low gwp refrigerants . for many years, danfoss has been developing solutions for natural refrigerants (low gwp) . danfoss 
has a broad product range for nh3, hc and co2 refrigerant applications and is continuously developing new components suitable for natural refrigerants .

making modern living possible
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abouT The auThors

alexandra pursued post-graduate studies 
in environmental and resource economics at university 
college london, uk .  environmental issues have 
hereinafter been the drive and focus in her professional 
career, which before joining shecco involved  her role 
as a research assistant at the electricity policy research 
group at the university of cambridge, uk . at her current 
position in shecco, she supports the company’s public 
affairs  department in making policy makers aware of 
the benefits of climate friendly natural refrigerant-based 
technologies .

Janaina holds a master’s degree in environmental 
technology from imperial college london and has a 
broad understanding of the environment arena, with 
specialist knowledge of climate change related issues . 
prior to joining shecco she worked in communications, 
research and policy analysis in the ngo sector . now 
supporting shecco’s market research department, 
Janaina provides analysis of hvac&r markets for special 
projects and publications .

nina holds a degree in business management, and a 
post-graduate degree in environmental management 
from the university of london . after serving in a 
communications role at global energy supplier norsk 
hydro, for the last 5 years she has been working in the 
field of environmental technologies, where she has 
developed special expertise on natural refrigerants . 
today she is mostly active in business development 
for market intelligence and consultancy services, as 
well as special projects and publications . she has been 
drafting and supervising regional studies on behalf of 
unep’s ozonaction branch, as well as served as project 
coordinator for various eu projects .

NiNa BurheNNe 
head of market research

alexaNdra Maratou 
senior policy analyst

jaNaiNa topley lira 
market analyst 

marc holds degrees (incl . two masters) in economics, 
politics and marketing . he has studied at the london 
school of economics, insead singapore, sciences po 
paris and the college of europe . he has specialized in 
natural refrigerants since 2003 . he is a member of the 
ashrae refrigeration committee . he founded the 
leading industry platforms; r744 .com, hydrocarbons21 .
com and ammonia21 .com . he is also the founder and 
chairman of the international workshop series known as 
atmosphere .

Marc chasserot 
managing director
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Sustaining our atmosphere

powered by

get in touch with us to learn how we can help you in gathering business 
intelligence, getting your climate technology faster to market and 
spread the message among decision makers .

eMail us at
research@shecco .com

talk to us oN the phoNe
(+32) 2 230 3700

our MailiNG address
shecco house 
rue royale 15 
1000, brussels 
belgium

shecco publications
guide


