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Introduction

The Climate and Clean Air Coalition (CCAC) is 
a global voluntary partnership of governments, 
businesses, scientific institutions and civil society 
organizations that are committed to supporting 
fast actions to reduce ‘short-lived climate 
pollutants’ (SLCPs) with the goal of improving air 
quality and protecting the climate. SLCPs include 
black carbon, methane and hydrofluorocarbons 
(HFCs). The CCAC has a global network that 
currently includes over 140 state and non-state 
partners and hundreds of local actors, all carrying 
out activities across a variety of economic 
sectors. 

SLCPs are powerful climate forcers that can 
have global warming potentials (GWPs) many 
times higher than carbon dioxide. They can also 
significantly impact food, water and economic 
security for large populations throughout the 
world. They do this both directly through their 
negative effects on public health, agriculture and 
ecosystems, as well as indirectly through their 
impact on the climate. Therefore, it is crucial to act 
now as delayed efforts to reduce SLCP emissions 
will have negative and potentially irreversible 
consequences for global warming, rising sea levels, 
agricultural yields and public health.

The CCAC acts through several partner-
led initiatives that are designed to provide 
transformative action either in sectors or as cross-
cutting efforts to reduce methane, black carbon 
and HFCs. 
 
Among the CCAC programmes is the ‘HFC 
Initiative’ which aims to improve global 
understanding about HFCs and their alternatives 
and works to promote their phase-down through 
the increased use of lower GWP substances. It 
also shares lessons learned about the design and 
implementation of policies to reduce emissions 
of HFCs and the use and dissemination of 
information about climate-friendly technologies 
and good practices in key areas of HFC use.  In 
order to achieve these objectives, the HFC 
Initiative has mobilized the efforts of the private 

sector, civil society, international organizations 
and governments to develop a wide range of 
resources and tools to assist public and private 
stakeholders in taking action to phase down HFCs. 
These efforts include: technology case studies 
and workshops, demonstration projects and HFC 
inventories in some countries.

As countries phase out hydrochlorofluorocarbons 
(HCFCs) under the Montreal Protocol on 
Substances that Deplete the Ozone Layer, they 
often need to make choices between high-
GWP HFCs and other alternatives. In 2016, the 
Kigali Amendment to the Montreal Protocol was 
adopted, incorporating a global phase-down of 
HFC production and consumption. It is estimated 
that the reduction of HFC emissions can reduce 
the expected increase in global temperature 
by up to 0.50C by the year 2100. The Kigali 
Amendment provides the opportunity for sectors 
that use HFCs, including the refrigeration and 
air conditioning (RAC) sector, to transition to 
energy-efficient, climate-friendly and affordable 
alternatives as both HCFCs and HFCs are 
reduced.

There are two emissions categories in the  
RAC sector (also known as the cooling sector). 
The first category is direct emissions, which 
are the emissions of refrigerants (often HCFCs 
and HFCs) to the atmosphere due to leakages 
in the vapor-compression cycle during the 
commissioning, operation, maintenance and 
decommissioning of RAC equipment. The second 
category is the indirect emission of carbon dioxide 
(CO2) that results from the energy consumption 
(usually electricity) of the cooling system over 
its lifetime. Reducing direct emissions of global 
warming gases can be achieved by using low-GWP 
alternatives and reducing leakages within the 
refrigeration cycle, as well as by implementing 
better cycle designs and providing adequate 
training to maintenance staff to minimize the 
release of refrigerants into the atmosphere. 
Reducing indirect emissions requires increasing 
the efficiency of the cooling systems, for  
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example by improving the condenser designs and 
installing variable frequency drive compressors 
and blowers with suitable control systems.

Stationary air conditioning systems are used to 
provide cooling for indoor occupants for their 
thermal comfort at a suitable indoor air quality. 
Within the cooling sector the stationary air 
conditioning sub-sector represents the largest 
and most rapidly growing area of HFC use. It is 
associated with significant indirect emissions of 
CO2 due to electricity consumption, particularly 
in developing countries. Figure 1 shows the 
global emissions of HFCs for 2010. In order to 
encourage industry and government policy-
makers to implement the phase-down of HFCs in 
stationary air conditioning through the adoption 
of lower-GWP energy efficient refrigerants, the 
CCAC has developed this booklet of ten case 
studies from around the globe, which represents 
various countries, climates and alternative 
technologies.

This booklet can also serve as a reference guide 
for end-user and system purchasers on factors 
to consider when transitioning to lower-GWP 
air conditioning. While the case studies mainly 
discuss experiences relating to transitioning from 
HFCs to lower-GWP refrigerants, the information 

Figure 1: HFC emissions for 2010 per country (thousand metric tons of CO2 equivalent)1

provided is also relevant for transitioning directly 
from HCFCs to such refrigerants.

With the aim of providing information on the 
successful adoption of a range of refrigerants, 
technologies and geographic locations, ten 
examples were selected from the case studies 
submitted. The selected case studies consider 
the energy efficiency benefits of the alternative 
system, as well as the cost, safety, availability 
and environmental impacts. Robust technical 
information was collected in the chosen case 
studies based on data provided by the source.

The case studies in this booklet discuss several 
applications in the stationary air conditioning 
sector. The applications include chillers of natural 
refrigerants and hydrofluoroolefins (HFOs) 
as well as split-units which use hydrocarbons 
(HCs) as the refrigerant. The technologies 
presented in these case studies are only some 
examples of the many available options for zero 
and lower GWP substances. The examples take 
into account design criteria such as system 
performance, environmental impact and cost. All 
these refrigerants still have many challenges that 
should be considered in the design, for example 
their flammability, toxicity, lower efficiency in 
some cases, and cost. Balancing these challenges 
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using a consistent and comprehensive methodology 
across all refrigerants and system types is essential 
in assessing alternatives. To ensure that refrigerant 
emissions are reduced during the installation, 
operation, maintenance, decommissioning and 
disposal, two key parameters need to be provided. 
These parameters are: provide a good design for the 
cooling system and: train technical staff on good 
engineering practices to ensure the most adequate 
handling of the equipment during all phases of 
the air conditioning unit’s lifecycle. Good designs 
include selecting the most suitable compressors, 
for example variable frequency drive compressors, 
as well as introducing electronic expansion valves, 
suitable piping design and ensuring the proper sizing 
of the evaporator and condenser.

System selections will also impact the risk of leakage 
and handling of refrigerants. For example: in a 
central/district cooling plant, all the refrigerant 
is confined to a central chiller plant and is more 
effectively managed with a refrigerant leak 
detecting system in place. However, if split/variable 
refrigerant flow (VRF) type systems are used 
for similar sized buildings, the risk of refrigerant 
leakages is increased due to the extensive scale of 
refrigerant piping. Another aspect to consider is a 
good control system for managing the day to day 
operations of the air-conditioning system which can 
improve the energy efficiency and safety. Controls 
systems in current trends are moving towards 
artificial intelligence.

Types of  Stationary  
Air Conditioning Systems
The commonly used refrigerants in stationary air 
conditioning include HCFC refrigerants, often 
HCFC-22 and other HFC refrigerants, including 
both blends and pure HFCs. Both HCFCs and HFCs 
are potent greenhouse gases, but as they are ozone-
depleting, HCFCs will be phased out by 2020 under 
the Montreal Protocol in developed countries, and by 
2030 in developing countries. However, high-GWP 
HFCs have been, and continue to be selected as 
replacements for HCFCs and their use in stationary 

Table 1: Global warming potential (GWPs) and Ozone 
Depletion Potential (ODPs) of common refrigerants² 

air conditioning is growing rapidly, particularly 
in the developing world. Under the Montreal 
Protocol, HFCs are to be gradually phased down 
by 85% between 2019 and 2036 in developed 
countries, and by 80-85% between 2024 and 
2047 in developing countries. Table 1 shows the 
commonly used HCFCs and HFCs with their 
corresponding GWPs, compared with possible 
replacements such as natural refrigerants and 
HFOs. 

The direct and indirect emissions of cooling 
systems using HFCs and HCFCs are very 
significant in terms of the climate impact.  
Figure 2 shows the global direct and indirect 
emissions from air conditioning systems in 2010. 
The indirect emissions are several times higher 
than the direct emissions; however, refrigerant 
leakages remain a significant problem.

Refrigerants such as hydrocarbons and ammonia 
are termed ‘natural refrigerants’ because they are 
found in nature, unlike HCFCs and HFCs which are 
man-made. For example, CO2 is a trace gas in the 
atmosphere and propane (R-290) is a by-product 
of oil production. Although they are naturally 
occurring, they need to be at least purified to 
a high grade in order to serve as a refrigerant. 
Ammonia is specifically synthesized in large 

Refrigerant 
Type

Gas GWP ODS

ODS HCFC-22 1810 0.055

HFC HFC-404A 3922 0

HFC HFC-410A 2088 0

HFC HFC-134a 1430 0

HFC HFC-32 675 0

Natural HC-290 3 0

Natural C0₂(R-744) 1 0

Natural Ammonia 
(R-717)

0 0

HFO R-1234yf 4 0
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Figure 2: Direct and indirect emission for the AC sector in 20103

chemical plants and used as a basic chemical in 
fertilizer production, for example. Only very small 
quantities of the overall ammonia production are 
used as a refrigerant.  

Most end user applications of stationary air 
conditioners are in domestic, commercial and 
public buildings. According to the Montreal 
Protocol’s Technology and Economic Assessment 
Panel’s /Refrigeration Technical Options 
Committee (2018)4, there are 5 main categories 
of equipment used in the stationary air-
conditioning sector: 

1. Small self-contained (window type units and 
portable units)
These are small air packaged units that cool 
only a single room. They are installed through 
an outdoor wall, an open window or, in the 
case of portable units, inside the room. The 
commonly used refrigerants for these units 
are R-410A (an HFC) and R-22 (an HCFC) 
with R-290 (a hydrocarbon) gradually gaining 
some market share. These units require low 
refrigerant charges, between one and three 
kilograms (kg). Figure 3 shows a schematic of 
how window type units operate.

Figure 3: Schematic of window type units5.

Figure 4: Single Split unit AC schematic5
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2. Split-Unit systems 
These consist of an indoor cooling unit 
(evaporator and expansion valve) connected 
to an outdoor condensing unit (compressor 
and condenser). Split-unit systems can be 
categorized into three main categories: 
non-ducted (single) split-units, ducted split 
systems, and multi-split systems. R-410A is 
dominant in single split-units with a refrigerant 
charge that is typically between one and 
five kg. Multi-split systems have a higher 
refrigerant charge that can reach 240 kg 
because bigger split systems require a higher 
refrigerant charge. Figure 4 shows a schematic 
of how a split-unit operates. The hot air is 
pulled in by the indoor split-unit and cooled 
down by the evaporator. The refrigerant is then 
transferred to the outdoor unit, compressed to 
a pressure where the refrigerant temperature 
is greater than the outdoor temperature, and 
then transferred to the condenser for heat 
rejection to the ambient air.

MIN
CAPACITY

MAX
CAPACITY

HEATING/COOLING CAPACITY

CAPACITY
CONTROL

COMPRESSOR FREQUENCYMIN.Hz MAX.Hz

Figure 5: The change of the compressor frequency along 
with the required cooling capacity in a variable refrigerant flow 
(VRF) system5

3. Variable refrigerant flow systems, and 
packaged units
These include a range of direct expansion (DX) 
air conditioning systems including multi-splits, 
variable refrigerant flow (VRF) systems and 
rooftop packaged plants. R-410A is dominant 
in new systems and the refrigerant charge is 
typically between 5 and 250 kg.

A packaged unit consists of all the refrigeration 
cycle components together in one big package 
along with the fans, filters, and electrical 
controls. It is typically used in commercial 
buildings given its large capacity. On the 
other hand, VRF and multi-split units consist 
of an outdoor unit and many indoor units in 
different rooms and zones. In VRF systems, the 
compressor in the outdoor unit has a variable 
frequency drive which depends on the cooling 
load in the buildings at different times of the 
day. Variable frequency compressors can be 
placed in split-units and chillers, for example, 
depending on the available cooling or heating 
load. Figure 5 shows how the VRF compressor 
frequency works depending on the cooling 
capacity required.

4. Chiller systems
These are usually used to cool large buildings 
using chilled water as the coolant. Chillers are 
vapor compression cycle machines which cool 
down the coolant (chilled water) by evaporation 
of the refrigerants (e.g. R-22, R-134a, R-410A 
etc.). There are two different compressor types 
used in chillers: positive displacement (e.g. 
scroll and piston) compressors and centrifugal 
compressors. In both chiller types, R-134a and 
R-22 are the most widely used refrigerants. 
However, R-410A and R-407C are also being 
used in positive displacement chillers and in 
scroll chillers with lower capacities (mostly 
less than 250 Tonnes of Refrigeration). Chilled 
water is supplied to air handling units (AHUs), 
and fan coil units (FCUs). These units usually 



Lower-GWP Alternatives in Stationary Air Conditioning: A Compilation of Case Studies8

INTRODUCTION

consist of a blower and a cooling coil at the 
minimum. AHUs can also consist of heating 
coils and are used in large building applications 
such as cooling down an entire floor. On the 
other hand, FCUs are usually a single blower 
and coil and are used for smaller applications. 
After evaporation the refrigerant in the 
chiller is brought to a higher pressure by the 
compressor and liquefied in the condenser, 
thereby rejecting heat to the ambient air. The 
condenser can be either air-cooled or water-
cooled. In air-cooled chillers the condenser 
rejects the refrigerant heat directly to the 
atmosphere with the assistance of a condenser 
blower. In water-cooled chillers, the refrigerant 
is liquefied using water that is supplied from 
a wet cooling tower.  Here, heat from the 
refrigerant condensation is rejected to the 
ambient air indirectly using water as the heat 

Evaporator

Air Handlers

Centrifugal Chiller System

Refrigerant Cycle

Condenser

Cooling Towers

Cooling Water Loop

Cooling Water Loop

carrier. An example of a water-cooled chiller 
cycle is shown in Figure 6. Large chillers have 
typical refrigerant charges between 50 and 
500 kg while smaller chillers have charges 
between 5 and 50 kg.

5. Evaporative Air-Cooling Equipment
Direct and indirect evaporative equipment are 
used due to their low costs and high energy 
savings. With direct evaporative cooling, 
water evaporates directly into the airstream 
to reduce the air dry-bulb temperature and 
raise its humidity, eliminating the need for 
a refrigerant. Direct evaporative cooling 
equipment cool air directly by either spraying 
water into the air stream, or by an extended 
wetted-surface material. On the other hand, 
indirect evaporative cooling relies on water 

Figure 6: Water-cooled chiller system6



Lower-GWP Alternatives in Stationary Air Conditioning: A Compilation of Case Studies 9

coming from a cooling tower that is circulated 
into one side of a heat exchanger, cooling down 
the supply air passing over the other side of the 
heat exchanger. Another common method of 
indirect evaporative cooling is one side of an 
air-to-air heat exchanger is wetted and removes 
heat from the conditioned supply airstream on 
the dry side through evaporation. Nonetheless, 
evaporative cooling is not effective in regions 
that have a higher outdoor relative humidity. 

Future Needs for Cooling  
and Heating 
It is important to transition to lower-GWP 
refrigerants today as the future need for cooling 
and heating is expected to significantly increase 
over the next decades as shown in Figure 7. It is 
also crucial that the stationary air conditioning 
sector further improves the unit component 
designs; otherwise the direct and indirect 
emissions will proportionally increase with the 
cooling and heating demand.

Figure 7: Future needs of heating and cooling in the residential and commercial sectors7

1 The World Bank
² Kigali’s OzonAction Factsheet 1
3 US Department of Energy, The Future of Buildings (2016)
4 Montreal Protocol’s Technology and Economic Assessment  
  Panel’s /Refrigeration Technical Options Committee (2018) 
5 ASHRAE Handbook (2016)
6 Li et al. 2010, Dynamic modeling and consistent initialization  
  of system of differential-algebraic equations for centrifugal  
  chillers, 4th National Conference of IBPSA-USA
7 “Climate Change 2014 Mitigation of Climate Change”  
  IPCC Report (Chapter 9)

Residential Heating and Cooling Energy
Use (kWh/yr)
Commercial Heating and Cooling Energy
Use (kWh/yr)
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CASE STUDY 1
Installation of  Ammonia as the  
Primary Refrigerant in Chillers:  
Logan City Administrative Building  
in Australia

Name of  the Space/Facility: 
Logan City Council Administration Building

Location:   
Logan City, Queensland, Australia

Contact Information: 
Brendan Ling (brendan.ling@logan.qld.gov.au)
Stefan S. Jensen (ssjensen@scantec.com.au)

Type of  Facility 
A public administrative building that provides 
community services and facilities to residents. 

Technology Transition 
The transition is from two air-cooled R-22 
(HCFC-22) chillers and one R-22 direct 
expansion (DX) system to two new ammonia 
based, water-cooled chiller units. 

Project Background
In November 2009, Logan City Council invited 
tenders to provide solar photovoltaics (PV) 
powered air conditioning and solar heated 
water systems for the Logan City Administrative 
Building.  After site inspections a scope was set, 
which was to a) replace all machines using R-22 as 
the main refrigerant with a natural refrigerant like 
ammonia as imports of R-22 were phased down 
in 2015 to 45 tons per year1; and b) replace all 
fixed frequency drive compressors and air-cooled 
chillers with more energy efficient variable-
frequency drive compressors and water-cooled 
systems. The main incentives for this project were:

• Elimination of dependence on R-22 
refrigerant, which is being phased out

• Reduction in annual electrical energy 
consumption

• Reduction in routine and call-out 
maintenance requests 

Given that the Australian Government has 
imposed a levy for HFC refrigerants, a more 
suitable natural refrigerant like ammonia reduces 
expenditures in the stages of commissioning and 
maintenance. At the same time, the significant 
global warming impact associated with fugitive 
R-22 gases would be eliminated.  Secondly, 
substituting existing air-cooled R-22 based 
water chillers with more efficient water-cooled 
systems and employing variable frequency 
drive compressors would significantly reduce 
power and energy consumption and therefore 
greenhouse gas emissions.  Reducing air 
conditioning power consumption would reduce 
capital costs when integrating photovoltaic solar 
panels with the air conditioning system in the 
future. The place of solar PV panels to assist in 
powering the AC system was postponed to a later 
date due to its high cost on Logan City Council.

New System/Installation
Two R-22 based air conditioning systems were 
replaced by the new ammonia (NH3, R-717) 
based plant in 2010. The larger of the two R-22 
systems was situated within a rooftop plant room 
and comprised two air-cooled packaged water 
chillers. The global warming potential (GWP) of 
ammonia is zero, compared to R-22 which has 
a GWP of 1,810. The chilled water is circulated 
from the plant room through the building air 
conditioning system. Figure 1 shows the location 
of the chilled water plant.

Figure 1: 
Logan City 
Administrative 
Building with 
rooftop plant 
room and 
chilled water 
(CHW) pipe 
(black line). 
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The replacement air conditioning system 
comprises two identical water-cooled, water 
chilling units using ammonia as the refrigerant, 
as shown in Figure 2. The compressors are 
of the open reciprocating type and because 
they are designed for industrial use are highly 
robust.  The cooling outputs of the chillers are 
controlled by a combination of compressor speed 
control and cylinder unloading. A sophisticated 
proprietary control system determines the 
optimum combination of rotational speed and 
cylinder unloading, which ensures maximum 
energy efficiency while minimizing the probability 
of resonance frequencies.  The combined 
refrigeration capacity of the two units is roughly 
1,200 kW.

Each chiller is fitted with a shell and a tube 
discharge gas desuperheater.  These heat 
exchangers recover heat from the discharge 
gas as it leaves the compressors prior to the 
gas entering the condensers.  In the future, the 
heat recovered may be utilized for heating hot 
water and for various other purposes as deemed 
appropriate. 

The cooling towers are installed within the plant 
room enclosure.  These towers draw air through 
the same air intake louvers that were used for the 
previous air-cooled R-22 chillers.  The total mass 
of the new equipment slightly exceeds that of 
the previous equipment. Henceforth, the floor 
deflection needs to be assessed and monitored. 

Figure 2:  
Packaged Water 
Chiller using NH3 
as a refrigerant 
operating on 
variable frequency 
reciprocating 
compressor, with  
a maximum cooling 
capacity of 600 kW 
per chiller. 

Ammonia is toxic and flammable in concentrations 
from 15 to 28% by volume (150,000-280,000 
ppm) in atmospheric air. The ammonia chillers 
plant room is on the roof and in the case of 
leakages, ammonia will not circulate through the 
entire building. To analyze the potential fire risks 
associated with a catastrophic refrigerant release 
within the roof top plant room (room volume 
~450 m³) and the actions necessary to mitigate 
that risk, an independent consultant modeled the 
NH3 concentration as a function of time in the 
event of a major release. The worst-case scenario 
contemplated was the instantaneous release in 
liquefied form of the entire refrigerant charge of 
one chiller (33 kg of NH3). This model assumed 
that the emergency ventilation (3 m³/s) was 
operating, but the cooling tower fans were not.

The recommendation following this model was 
to include the two cooling tower fans in the 
emergency ventilation plan. Applying the same 
modelling principles, this additional ventilation 
rate reduced the peak ammonia concentration 
to <7,000 ppm.  In this emergency, the cooling 
towers would also act as scrubbers.  Ammonia is 
readily absorbed in water so the cooling towers 
would therefore further reduce the ammonia 
concentration in the air being discharged to the 
atmosphere.

The reduction in power consumption and installed 
electric motor power are detailed in Table 1. The 
coefficient of performance (COP) of the chillers 
has increased from 2.52 for the R-22 chillers, to 
3.83 for the ammonia chillers, at full load.

Performance
Air conditioning systems using ammonia as the 
refrigerant are in many cases technically and 
commercially viable in both new and existing 
commercial buildings. Individual circumstances 
such as mechanical room location and existing 
system concept can affect the decision process.  
Careful evaluation of each individual situation 
considering all these relevant factors is necessary 
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to ensure a successful installation and integration 
with minimum disruption.  A potentially significant 
barrier for successful transition from chemical to 
natural refrigerants within the built environment 
in Australia are the perceptions associated 
with natural refrigerants in terms of toxicity, 
flammability and high operating pressures.  
Ammonia has been successfully used worldwide 
for 150 years.  Ammonia seems to be a safe 
option due to the high safety and installation 
standards that have evolved as a result of many 
years of international cooperation among natural 
refrigerant practitioners.

Cost, Economic and Other 
Considerations
The total installed cost of the new NH3 based air 
conditioning system was around A$1,000,000 

(USD 695,375) in 2010. The estimated reduction 
in carbon dioxide equivalent (CO2e) emissions 
annually is 680 tons.  This reduction represents 
a combination of reduction in electrical energy 
consumption and elimination of fugitive gases 
from the previous R-22 systems.  Based on a 
carbon price of A$23/ton (USD 16.09/ton) 
of CO2e and an electricity charge of A$200/
MWh, (USD 139.88/MWh) the simple pay-back 
period for the investment was estimated at 
approximately 8.5 years. The actual annual energy 
cost savings are A$200,000 (USD 139,875) as 
recorded by the Council.

A detailed analysis of the maintenance records 
used for the actual maintenance cost evaluation 
referenced above show that typical faults are 
pump failures, power failures, electrical system 
faults, and electric motor burnouts.

ORIGINAL EQUIPMENT Installed Electric 
Motor Capacity

(kW)

Peak Power 
Consumption

(kW)
YORK YCAJ 66ST9:
Compressors 364.0 252.0
Condenser fans 32.8 30.4
Carrier 5H40-149 74.0 65.6
Air cooled condenser fans 4.4 4.4
Total being removed 475.2 352.4
NEW EQUIPMENT

SABROE HeatPAC 108LR-A packaged 
water chillers 220.0 207.4
B.A.C. RCT 2176 cooling towers 15.0 13.8
Cooling water pumps 22.0 21.0
Chilled water pumps 11.0 4.7
Total being added 268.0 246.9
Total reduction 207.2 105.5

Table 1: Power Consumption and Reduction in the Original versus New Equipment.
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Advantages

• Improvement in maximum chiller COP 
(Coefficient of Performance) from 2.52 to 
around 3.83 at full load when accounting for 
the influence of electric motor efficiencies.

• Through the inclusion of variable frequency 
drives on the new NH3 based chillers, the 
Integrated Part Load Value (IPLV) is predicted 
at 9.51; this is around 60-70% higher than 
previous system. The IPLV measures the 
efficiency of air conditioners under various 
conditions. These conditions are tested 
when the unit is operating at 25%, 50%, 
75% and 100% of capacity and at different 
temperatures.

• The new NH3 based chillers are providing 
an annual reduction in electrical energy 
consumption which is estimated at ~500 
MWh; using a unit electricity cost of A$200/
MWh (USD 139.88/MWh) this represents an 
annual energy cost saving of A$200,000  
(USD 139,875).

• Significant reduction in north wing noise 
levels generated from the old basement 
reciprocating compressors.

• The maintenance cost so far is approximately 
50% lower than anticipated. 

Disadvantages

• Higher investment cost, including the cost of 
having consultants run safety simulations on 
ammonia leakages.

• All dry expansion cooling coils in the 
basement air conditioner had to be replaced 
given their incompatibility with the new 
chilled water system.

1 Australian Department of the Environment and Energy

Disclaimer
The information presented here is provided by the 
Logan City Council. The accuracy of the content 
and figures is the responsibility of the company 
and these have not been verified by the CCAC.
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CASE STUDY 2
Installation of  R-32 Scroll Chillers  
in an Office Building Refurbishment:  
Astor House in the United Kingdom

The new units were installed by Daikin partner 
Klimatec, which had upgraded a similar installation 
for a neighboring building in the business park to 
the Daikin R-410A (HFC-410A) units before the 
R-32 chillers became available. Klimatec director 
Adrian Griffiths said: “The new technology 
appealed to us because of its increased energy 
efficiency and reduced refrigerant charge 
requirement. It was also an opportunity to future-
proof Astor House because of the lower global 
warming potential (GWP) of R-32 in comparison 
to R-410A.”

Figure 1:  
EWAT-B  
air-cooled 
chiller unit with 
condenser  
blowers on the 
top, running on  
the mildly 
flammable 
refrigerant R-32, 
supplying chilled 
water to the  
office building. 

The EWAT-B air-cooled chiller is equipped with 
hermetic scroll compressors and is charged 
with R-32 refrigerant. The compressors are 
hermetic orbiting scroll, equipped with motor 
over-heating and overflow current protection 
devices. Each compressor is equipped with an oil 
heater that keeps the oil from being diluted by 
the refrigerant when the chiller is not running. 
The unit is equipped with a direct expansion plate 
to plate evaporator. This heat exchanger is made 
of stainless-steel brazed plates and covered with 
a 20-mm closed cell insulation material. The 
evaporator is equipped with an electric heater for 
protection against freezing.

The condenser consists of full body aluminum 
microchannel coils which provide superior 
resistance to corrosion compared to standard 
aluminum alloys. Coil layout is designed to 
guarantee optimized heat transfer allowing for 

Name of  the Space/Facility: 
Astor House

Location:   
Newbury Business Park, Berkshire, the United 
Kingdom.

Contact Information: 
Graham Wright,  
Daikin UK (Wright.G@daikin.co.uk)

Type of  Facility 
Commercial multi-tenant office building

Technology Transition 
The transition from R-407C (HFC-407C)  
chillers to new R-32 (HFC-32) chillers. 

Project Background
The Astor House building was completed in 1998. 
The previous air conditioning system consisted 
of two Lennox R-407C multi scroll compressor 
chillers. The required refrigerant charge was 
approximately 25-kg total across the two circuits. 
One of the circuits had stopped operating, making 
the machine unreliable with varying maintenance 
issues related to compressors deteriorating and 
the overall dilapidation of the unit. The air-cooled 
chillers provided chilled water to air handling units 
(AHUs) and fan coil units (FCUs) installed on each 
floor. The system was controlled using the building 
management system.

Plans to replace the pair of chillers central to 
climate control for the two-floor office building 
were revised to take advantage of a significant 
development in Daikin refrigerant technology. 
The change led to Astor House becoming the 
first installation in the UK of chillers with Daikin’s 
Bluevolution technology, which uses R-32. The 
R-407C chiller units were replaced by the new 
Daikin EWAT-B units running on R-32.
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maximized performances and reduced turbulence 
to reduce sound emissions. The condenser fans 
are of the propeller type, with blades designed to 
be highly efficient to maximize performance. The 
fan blades are made of resin reinforced with glass 
and each one is protected by a guard. The fan 
motors are internally protected from overheating. 

New System/Installation
The R-32 chillers were delivered to the site and 
craned into position. The chillers are kept in 
a services enclosure that is fenced and partly 
screened by shrubbery beside the building. With 
the chilled water circuits coupled and electrical 
connections completed, the new units were 
commissioned under the supervision of Daikin 
engineers and connected to Daikin on Site cloud 
monitoring for continuous observation. 

The EWAT-B units use a refrigerant charge 
of approximately 15kg (GWP of 675) and the 
cooling-only chiller selected is equipped with 
R-32. The machine requires 44.42 kW in total 
power input. Table 1 below shows the electrical 
information of the chiller unit.

UNIT INFORMATION

Compressor
Type

Scroll Refrigerant
Type

R-32

Capacity
control

Step Condenser
Type

Micro-
channel

Refrigerant
Charge  

15-kg Evaporator
Type

Brazed Plate

ELECTRICAL INFORMATION

Power
Supply

400 V/3 
Phase/50 
Hz

Max inrush 
current

328 A

Running
Current

78.53 A Compressor 
starting 
Method

Direct

Max. 
Current

100 A

Table 1: Unit Chiller Information1

The unit was selected because of the feasibility 
of installing it in the existing chiller enclosure 
and it required minimal alterations to the existing 
electrical power and chilled water connections. 
This enabled a rapid and cost-effective 
replacement. The building design teams were 
pleased to see that this type of system had lower 
refrigerant charges and higher energy efficiency 
compared to the previous system.

Performance
The system capacity was evaluated against the 
revised building loads and a reduction of 40% 
in the amount of HFC refrigerant charge was 
observed. The chillers selected use R-32 scroll 
compressors (Multi-Scroll stepped compressor 
at part load applications). The cooling capacity 
of the chiller is 143.2 kW, with an Energy 
Efficiency Ratio (EER) of 3.224 (Seasonal Energy 
Efficiency Ratio SEER 4.2) which is higher than 
the estimated EER of the previous system of 2.7. 
Table 2 below shows the unit performance details.

COOLING MODE PERFORMANCE

Cooling 
Capacity

143.2 kW Evaporator
water
Temperature
(In/Out)

120C/70C

Power 
Input

44.42 kW Evaporator
water
flow

6.85 L/s

EER  3.224 kW/
kW

SEER 4.21

Table 2: Cooling mode performance2

Based on total equivalent warming impact (TEWI)3  
calculations, the total estimated emissions in 
CO2e have been reduced from 600.2 tonnes for 
the R-407C chillers to 427.2 tonnes for the R-32 
chillers. The TEWI calculations were based on 
the standard GWP (675 for R-32, and 1,774 for 
R-407C), leakage rates (1% for R-32 and 6% for 
R-407C), number of operating years (15 years), 
refrigerant charge (15-kg for R-32, and 25-kg for 
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R-407C), annual consumptions (92,394-kWh/year 
for R32, and 121,571-kWh/year for R-407C) and 
CO2 emissions (0.3072-kg/kWh for R-32).  
Figure 2 below show the estimated reduction  
in CO2 emissions.

Cost, Economic and Other 
Considerations
There is no information supplied regarding the 
initial cost of the project and there have not 
been any studies provided regarding the energy 
saving in the building. Nevertheless, the estimated 
running cost of the new system is 24% lower than 
the previous system. The payback of this project 
has not been estimated, given that it was not the 
primary objective of this project.

Advantages

• The new system reduced the amount of HFC 
refrigerant charge used by 40%. This was 
achieved by having the condenser consists of 
microchannel coils, which increase the heat 
exchange between the air and refrigerant, at a 
lower refrigerant charge.

• The EER of the current system is 3.224 which 
is greater than the estimated 2.7 EER of the 
previous system. This is due to the new system 
being equipped with an automatic controller 
that monitors and controls the functions of 
the compressors and electronic expansion 

valves of the chiller to ensure it operates with 
maximum efficiency and reliability.

• The estimated running cost of the new system 
is 24% lower than the previous system.

• The compressor can operate at different loads 
at the corresponding power required as shown 
in Table 3. This means that the compressor will 
not consume more power than required when 
the cooling load is not at its peak throughout 
the day.

PART LOADS INFORMATION

Loads (%) 100 75 50 25

Cooling 
Capacity 
(kW) 

143.2 107.4 71.61 35.81

EER (kW/
kW

3.22 3.65 4.29 4.90

Disadvantages

• The initial cost of the project is not known, so 
it is difficult to estimate a payback period.

• R-32 is a high-pressure, mildly flammable 
(A2L), refrigerant, which requires a higher 
electrical input into the compressor.

• While the selection of R-32 has resulted in 
significant reductions of direct and indirect 
GHG emissions, it should be noted that R-32 
has GWP of 675, which over the long-term, 
may be too high to achieve or sustain future 
HFC reduction targets in some jurisdictions, 
including the European Union.

Disclaimer
The information presented here is provided by 
Daikin. The accuracy of the content and figures is 
the responsibility of the company and these have 
not been verified by the CCAC.

Table 3: Part load information of the unit 4
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Figure 2: Estimated CO2 Emissions for the original R-407C 
system and the new R-32 system. The R-32 chiller reduced 
the emissions from 600.2 to 427.2 tonnes.

1  Daikin Manuals for EWAT-B units
² Daikin Manual for EWAT-B Units
3 The total equivalent warming impact or TEWI is the sum  
  of direct and indirect emissions of a greenhouse gas
4 Daikin Manuals for EWAT-B Units
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CASE STUDY 3
Installation of  R-514A Centrifugal  
Chillers: Ameristar Casino in the  
United States

Name of  the Space/Facility: 
Ameristar Casino

Location:   
Council Bluffs, Iowa, USA

Contact Information: 
Jonathan Spreeman, Trane  
(jspreeman@trane.com) 

Type of  Facility 
Casino-Hotel

Technology Transition 
The transition is from water-cooled R-22  
(HCFC-22) chillers to new water-cooled  
R-514A (HFO-514A) chiller units.

Project Background
The casino-hotel construction began in 1993 and 
was completed in 1995.  The hotel is a 5-floor 
building comprised of 160 rooms with an adjacent 
shopping mall and casino. The casino is shown in 
Figure 1.

Figure 1:  
Iowa Ameristar  
Casino showing 
the 160-room 
hotel on the 
left, with the 
shopping mall 
to the right. 

The previous system consisted of three R-22 
screw compressor chillers. At the time of the 
decision to replace the R-22 chillers, only two 
out of the three were working. Transitioning from 
R-22 was necessary as the installation of new R-22 
equipment was banned in the United States in 
2010. This has increased the cost of maintenance 

and recharging of existing R-22 equipment given 
the reduction in the R-22 supply. The replacement 
project began in 2014 with the hiring of a design 
firm consultancy to provide an alternative Air 
Conditioning system. Final approval for the 
project was obtained and bids were accepted to 
meet the engineering specifications in 2016. The 
results of the bidding process introduced three 
options of cooling equipment for consideration by 
the end-user. The three options were:

(a)   R-134a screw compressor chillers
(b)   R-134a centrifugal compressors chillers 
(c)   R-514A centrifugal compressor chillers  

The Ameristar Casino selected option (c):  
to install three R-514A centrifugal compressor 
chillers. At the time of the bids for the project, 
the R-514A technology had only recently been 
introduced and this project was one of the first 
orders. There were concerns about selecting  
the R-134a (HFC-134a) bids as R-134a has a 
higher GWP of 1,430 compared to R-514A 
which has a GWP of 1.7 and an ozone-depleting 
potential of less than 0.0003. Also, because 
the Kigali Amendment to the Montreal Protocol 
calls for a phasedown of HFCs, there were 
also concerns that R-134a could be phased-
down within the next 17 years in Non-Article 
5 countries like the United States (generally 
speaking, Non-Article 5 countries under the 
Montreal Protocol on Substances that Deplete 
the Ozone Layer are developed countries). The 
installation occurred in a one-month period 
during the summer of 2017. 

New System/Installation
The new three 1,580-kilowatt (450 ton) R-514A 
centrifugal compressor chillers replaced the three 
1,410-kilowatt (400 ton) R-22 screw compressor 
chillers installed in 1995.  The chillers are water-
cooled by cooling towers. The installation was 
challenging since the main customer requirement 
was for the installation to be a straight 
replacement of the chillers without allowing for 
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any change in footprint or facility chilled water 
piping positions, tower updates, or replacements.  
The challenge arose due to the change in the 
minimum efficiency standard requirement from 
1995 to the present by ASHRAE Standard 90.1.

In 1995, the minimum efficiency requirement 
was a Coefficient of Performance (COP) of 5.2  
(<0.675 kilowatts per ton (kW/ton)) and today 
the requirement has to be greater than 5.91 COP 
(<0.595 kW/ton) at full load Air-Conditioning, 
Heating, and Refrigeration Institute (AHRI) 
rating conditions. Like most facility designs, the 
facility water flow rates and temperatures were 
not designed to the present AHRI equipment 
rating conditions.  In this case, the AHRI rated 
efficiency of the R-514A chillers was 6.11 COP 
(0.575 kw/ton) versus the R-22 chiller efficiency 
rating of 5.20 COP (0.675 kW/ton).  This resulted 
in a 18% improvement in chiller efficiency which 
requires a better refrigerant thermodynamic 

Figure 2:  
New Trane 
Chiller Station 
with the Trane 
control box on 
the right, and 
the white piping 
is for the chilled 
water flow. 

efficiency, larger heat transfer surfaces and 
increased compressor efficiency to meet these 
requirements. The challenge was fitting this 
requirement for increased efficiency in the same 
space and with fixed facility water flow inputs. 
R-514A has a slightly higher COP than R-134a 
which helps improve the efficiency of equipment 
design without the need for increased chiller 
size.  In fact, the R-514A chillers were ultimately 
selected based on the requirement that the 
equipment would fit in the space without any 
increase in the length of the chiller, as shown in 
Figure 2. The R-134a equipment could not meet 
this requirement without increasing the length of 
the heat exchanger bundles.

The three R-514A chillers were installed in 2017 
over a one month period.  During the switch over, 
temporary cooling for the hotel was provided via 
rental chillers.  The coordination by the installation 
contractor made the process run smoothly with 
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advanced preparation and staging, demolition of 
the old equipment and piping, rebuilding of the 
piping according to AHRI standards, installation 
and start-up, as shown in Figure 3.

R-514A is a blend of the unsaturated 
hydrofluorocarbon R-1336mzz(Z) with a GWP 
= 2 and the unsaturated hydrochlorocarbon 
R-1130(E) with a GWP of 1 at a composition of 
75.5 percent/24.5 percent. These substances 
are also referred to as hydrofluoroolefin (HFOs) 
and hydrochloroolefins (HCOs), respectively. 
R-514A is an azeotrope, meaning that the fluids 
interact together and exhibit properties as if it 
were one fluid rather than a mixture of two fluids.  
Azeotropes have a single boiling point and no 
temperature glide. The boiling point of R-514A 
is above room temperature at 29.1°C (84.4°F) 
and it is therefore considered a low-pressure 
refrigerant. The vapor pressure properties of 
R-514A allow it to be a direct replacement for 
R-123 (HCFC-123) which has a boiling point of 

27.6°C (81.7°F). Low-pressure refrigerants, when 
used in chillers, operate below atmospheric 
pressure in many of the components and heat 
exchangers and therefore do not leak out. The 
new low-pressure R-514A chillers are direct drive 
compressors with no shaft seal, and these chillers 
have a demonstrated leakage rate of less than 
0.5% per year.

Performance
Since the performance of water-cooled  
chillers is heavily dependent on usage and 
local ambient weather conditions, it is difficult 
to gauge the performance improvement. The 
casino is in ASHRAE climate zone 5A, which is 
considered cool and humid. Based on R-22’s GWP 
of 1,810 and a 5% leak rate for the old chillers, 
and R-514A’s GWP of 1.7 and a 0.5% leak rate, 
as well as using the above refrigerant charges, 
approximately 120 metric tons of carbon dioxide 
equivalent (CO2e) are saved annually in reduced 
refrigerant emissions. 

(a) (b)

Figure 3: The placement of 3-new R-514A chillers in (a) on the left, replacing 2 operating R-22 chiller and one non 
functioning R22 chiller in (b) on the right.
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There was a reduction of roughly 40% in the 
refrigerant charge sizes between the R-22 
chillers and the R-514A chillers. The large change 
in refrigerant charge is the result of improved 
heat exchanger design and the density of the 
refrigerants.  No leaks were detected in the  
first year of operation in any of the three R-514A 
chillers. 

Cost, Economic and Other 
Considerations
The total cost of the new R-514A chiller 
technologies was USD 20,000 more than the 
higher GWP refrigerant R-134a technology. 
However, substantial economic savings were 
driven mainly by the size of the equipment and 
the costs avoided by not having to increase the 
size of the equipment room or change of the 
water pumps and towers. This saving alone was 
greater than USD 100,000. In addition, one of the 
existing R-22 chillers was not operational and the 
cost avoided in repairing the unit was estimated at 
USD 10,000. These two cost avoidances allowed 
for a less than 4-year payback period on the new 
chiller equipment costs. However, no study was 
made on the reduction of power consumption  
due to the new chiller station.

A further environmental consideration 
regarding R-514A concerns the generation of   
trifluoroacetic acid (TFA), a substance that can 
be produced from the degradation of CF3 group 
chemicals, such as HFOs and HFCs as they are 
oxidized. TFA is a naturally occurring substance 
found in seawater, rainwater and soil. With the 
increased use of HFOs and HFCs, TFA emissions 
are expected to increase. TFA can be transported 
to water irrigation and drinking systems and 
its effects on the biosphere are still being 
investigated. The 2018 report of the Montreal 
Protocol’s Environmental Effects Assessment 
Panel (EEAP) concluded with respect to TFA that 
exposure to current and projected concentrations 
of salts of TFA in surface waters present a minimal 

risk to the health of humans and the environment. 
Nonetheless, adequate knowledge of HFOs 
decomposing to TFA and TFA pollution impacts is 
lacking and more research is required on HFOs. 

Advantages

• Reduction in the loss of HFC gases by  
120 metric tons of CO2 annually.

• Improvement in maximum chiller COP from 
5.10 to around 6.11 at full load, approximately 
a 20% increase.

• A lower amount of refrigerant is needed by 
the chiller unit for R-514A of around 250 kg 
compared to 460 kg of R-22.

• The R-514A chillers were supplied with 
variable frequency drives (VFDs) to improve 
part load efficiency and load control.

Disadvantages

• ASHRAE 34 classes R-514A as a “B1” 
refrigerant, meaning that it is not flammable 
but is classed as having higher toxicity, with  
an Occupational Exposure Limit (OEL) of  
323 ppm. There was no information available 
on the chiller room ventilation, or the room’s 
placement in the building. Therefore, it is 
important to state that proper engineering 
techniques and design are required to ensure 
the safety of the building and people in it.  

Disclaimer
The information presented here is provided by 
Trane. The accuracy of the content and figures is 
the responsibility of the company and these have 
not been verified by the CCAC.

1 Environmental Effects Assessment Panel: Environmental  
  Effects and Interaction of Stratospheric Ozone Depletion, UV  
  Radiation and Climate Change – 2018 Assessment Report.  
² Technology and Economic Assessment Panel (TEAP) 2019,  
  2018 Assessment Report on Montreal Protocol
  on Substances that Deplete the Ozone Layer.



Lower-GWP Alternatives in Stationary Air Conditioning: A Compilation of Case Studies22

CASE STUDY-4 • 

CASE STUDY 4
Installation of  R-1233zd(E) Chillers 
for Cooling the Eurotunnel between 
France and the UK

Name of  the Space/Facility: 
The Eurotunnel, also known as the  
Channel Tunnel

Location:   
Coquelles Pas-de-Calais, in northern France  
and Folkestone, Kent in the United Kingdom
Sangatte, France and Shakespeare Cliff,  
United Kingdom

Contact Information: 
Mike Hall, Director Communications & 
Government Relations EMEA, 
Sint-Stevens-Woluwe, Belguim  
(mikea.hall@irco.com)
Nicolas Bau, Trane Sales, Dardilly Cedex, France 
(nicolas_bau@trane.com)

Type of  Facility 
Underwater Train Tunnel

Technology Transition 
The transition is from R-22 (HCFC-22) chillers  
to new R-1233zd(E) (HCFO-1233zd(E)) 
centrifugal chiller units.

Project Background
The 50.5-km Channel Tunnel was opened in 1994, 
linking Dover in Kent, United Kingdom, to Coquelles 
in Pas-de-Calais, France. It was one of the biggest 
engineering projects ever undertaken in Europe  
and took more than five years to complete.

Figure 1:  
Eurotunnel 
trains that can 
travel up to 160 
km/h (99 mph). 

The Channel Tunnel consists of three main 
tunnels, two for trains and a third, a service 
tunnel, in between them.  It is a major economic 
and trade connector between the UK and Europe.  
During the early design phases, it was discovered 
that the tunnels would need to be cooled due 
to the heat generated by the high-speed trains 
as they passed through. Temperatures as high 
as 50ºC were predicted, making the trains 
unbearably warm for passengers and potentially 
causing equipment to malfunction and the tracks 
to buckle. The Euro-tunnel trains are shown in 
Figure 1.

The solution developed at the time by York and 
Transmanche-Link, the British/French tunnel 
construction group, involved installing two 
systems of 24-inch (61-cm) diameter cooling 
water pipes, carrying 18.5 million gallons (70,000 
m3) of water in a network totaling 300 miles 
(483 km) in length. The network was originally 
supplied by eight York Titan chillers running on 
R-22. Four chillers, each with 2,000 tons (7-MW) 
of cooling capacity were installed at Samphire 
Hoe overlooking the tunnel entrance in the UK. 
Another four, each with 1,700 tons (6-MW) of 
cooling capacity, were installed at Sangatte on  
the French coast.

When replacing the cooling system, several 
options were considered:

1. Retrofit the existing chillers with an R-22 
substitute.  This was not an attractive option 
since these refrigerants have GWPs greater 
than 2,500 and are therefore affected by a 
service ban according to the European Union 
(EU) F-gas regulation policies imposed in 
2015. Servicing existing R-22 units has been 
illegal, since 2015.

2. R-134a (HFC-134a) based chillers were 
considered but this refrigerant is under 
pressure from the European HFC reduced. 
Since the F-gas Regulation came into effect in 
2015, the amount of HFC, including R-134a, 
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on the European market has already been 
phased down by 36%. As a result, R-134a is 
becoming increasingly scarce and there have 
been unprecedented price increases on the 
European market since the beginning of 2018.

3. R-1233zd(E) used in Trane Series E chillers 
with a low (GWP of 3.7) and an ozone 
depleting potential (ODP<0.0004). The 
chiller exhibits high energy efficiency at both 
part and full load conditions.

The third option was selected. R-1233zd(E) is 
an unsaturated hydrofluorocarbon with a GWP 
of 3.71. R-1233zd(E) has a boiling point near 
room temperature (18.5°C or 65°F) and is thus 
considered a low-pressure refrigerant.  When 
used in chillers, low-pressure refrigerants 
operate below atmospheric pressure in many of 
the components and heat exchangers and thus 
usually do not leak out under normal operating 
conditions. The new low-pressure R-1233zd(E) 
chillers are equipped with direct drive 
compressors with no shaft seal and have been 
demonstrated to have leakage rates of less than 
0.5% per year.

New System/Installation
The new R-1233zd(E) chillers replaced eight R-22 
based chillers which were installed in 1991 and 
had been providing the cooling requirements for 
the tunnels which connect the UK and France. 
Two chillers, each with 11 megawatts (3,150 tons) 
of cooling capacity were installed at Folkstone 
in the UK overlooking the tunnel entrance in 
2017, shown in Figure 2. Another two, each with 
9 megawatts (2,550) tons of cooling capacity, 
were installed at Sangatte on the French coast 
in 2016 (see Figure 3).  A total of 40 megawatts 
(11,400 tons) of cooling capacity were installed 
between the two locations. The cooling capacity 
was increased by adding an extra 11-megawatts 

Figure 2:  
Trane Chiller 
Unit Station, 
showing one of 
two chiller units 
with a cooling 
capacity of 
11 megawatts 
(3,150 ton) 
installed in 
Folkstone, UK. 

Figure 3:  
Trane Chiller 
Unit Station 
showing one of 
two chiller units 
with a cooling 
capacity of 
9 megawatts 
(2,550 ton) 
installed in 
Sangatte, 
France. 
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(3,150) on the UK side to allow for future demands 
as tunnel traffic increases. The R-1233zd(E) 
chillers were installed in the existing facilities 
that contained the R-22 chillers, so no new 
construction or electrical power infrastructure 
was needed other than to re-route the existing 
piping.  The efficiency of the chillers varies by 
location from a high of 6.17 COP (0.57 kilowatts 
per ton) to a low of 5.58 COP (0.63 kilowatts per 
ton), with an average total system efficiency of 
5.77 COP (0.61 kilowatts per ton), which is greater 
than 40 percent more efficient than the existing 
R-22 system they replaced which was 3.48 COP 
(1.01 kilowatts per ton).

The replacement project occurred in two phases. 
All eight R-22 chillers in France and the UK were 
initially decommissioned in 2016 and replaced 
with two of the new Trane R-1233zd(E) chillers of 
9-megawatt (2,550 ton) capacity at the French 
tunnel end. In 2017, an additional 11-megawatt 
(3,150 ton) chiller was added to the UK facility for 
future cooling capacity demand. 

Performance
Since water-cooled chiller performance is heavily 
dependent on use conditions and local ambient 
weather conditions, it is difficult to gauge 
performance and performance improvement.  
As stated in the previous section, the new system 
is roughly 40 percent more efficient than the  
one it replaced based on the efficiency of the new 
system being 5.76 COP (0.61 kilowatts per ton) 
and the old system being 3.48 (1.01 kilowatts  
per ton). 

In addition to the environmental sustainability 
savings related to the reduced use of electricity, 
there were also significant savings related to the 
GWP of the refrigerant. The reduction in the 
direct emissions, as a result of replacing R-22 and 
reducing system leakages to 0.5%, is 750 metric 
tons of CO2e annually. 

Cost, Economic and Other 
Considerations
The primary economic consideration was the  
EU regulatory ban on using R-22 for servicing the 
existing equipment. Since 1st January 2015, it has 
been illegal to install new air conditioning units 
using R-22 or any HCFC gases. Reductions in the 
sales of HCFCs are down to one-fifth of their 
sales in 2014. The lack of R-22 to replace any loss 
in charge for the existing R-22 chillers would be 
a loss in air conditioning capacity and efficiency 
for the tunnel. Official data released by the 
Eurotunnel demonstrates energy savings of  
33 percent after the first season of operating  
the new R-1233zd(E) cooling system. The  
system saved 4.8 gigawatt-hours or nearly  
USD 600,000. However, the cost of this project 
was not specified.

In addition, Eurotunnel’s commitment to 
environmental protection involves several other 
initiatives. The replacement of the Channel 
Tunnel cooling system provided an opportunity to 
reduce energy consumption and carbon footprint. 
Choosing a refrigerant with a low direct GWP 
of 3.7 in combination with a chiller with superior 
energy efficiency at both part and full load 
capacity offers a good way to meet Eurotunnel 
environmental protection commitments. 

A further environmental consideration regarding 
R-1233zd(E) concerns the generation of 
trifluoroacetic acid (TFA), a substance that can 
be produced from the degradation of CF3 group 
chemicals, such as HFOs and HFCs as they are 
oxidized. TFA is a naturally occurring substance, 
found in seawater, rainwater and soil. With the 
increase use of HFOs and HFCs, TFA emissions 
are expected to increase. TFA can be transported 
to the water irrigation and drinking systems and 
its effects on the biosphere are still being studied. 
The 2018 report of the Montreal Protocol’s 
Environmental Effects Assessment Panel (EEAP) 
concluded with respect to TFA that exposure to 
current and projected concentrations of salts 
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of TFA in surface waters present a minimal risk 
to the health of humans and the environment2. 
Nonetheless, adequate knowledge of HFOs 
decomposing to TFA and TFA pollution impacts is 
lacking and more research is required on HFOs.3 

Advantages

• R1233zd(E) is classified as a A1 refrigerant, 
meaning that its non-flammable and of  
low-toxicity.

• Reduction in the loss of R-22 emissions by 
750 metric tons CO2e annually.

• Improvement in maximum chiller COP 
(Coefficient of Performance) from 3.48 to 
around 5.76 at full load.

• The operator of the Channel Tunnel, 
Eurotunnel, released official data 
demonstrating energy savings of 33 percent 
after the first season of operation of the  
new R1233zd(E) cooling system. The 
operation saved 4.8 gigawatt-hours or  
nearly USD 600,000.

• R1233zd(E) is a low-pressure refrigerant  
and does not require high energy inputs for 
the chiller compressors, hence less energy  
is consumed.

Disadvantages

• The initial cost of the project is not 
mentioned, so it is difficult to state a payback 
period for the savings.

Disclaimer
The information presented here is provided by 
Trane. The accuracy of the content and figures is 
the responsibility of the company and these have 
not been verified by the CCAC.

1 World Meteorological Association 2019: Scientific  
Assessment of Ozone Depletion 2018  
(https://www.esrl.noaa.gov/csd/assessments/ozone/2018/)  

² Environmental Effects Assessment Panel: Environmental 
Effects and Interaction of Stratospheric Ozone Depletion, 
UV Radiation and Climate Change – 2018 Assessment 
Report.  

3 Technology and Economic Assessment Panel (TEAP) 2019,  
2018 Assessment Report on Montreal Protocol on 
Substances that Deplete the Ozone Layer.
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CASE STUDY 5
Solar Power-Driven AC with Water  
(R-718) as a Refrigerant in Germany

Name of  the Space/Facility: 
Combitherm Facilities GmbH

Location:   
Fellbach near Stuttgart, Germany.

Contact Information: 
Peter Kaden, Product Management,  
Efficient Energy GmbH  
(peter.kaden@efficient-energy.de) 
Steffen Klein, Combitherm GmbH,  
(s.klein@combitherm.de)

Type of  Facility 
Commercial building

Technology Transition 
Transition from window ventilation as the  
only method of cooling to R-718 chillers 
powered by photovoltaic (PV) panels.

Project Background
The facility consists of an office building with 
2 floors and 14 rooms in total being cooled. 
The building heats up through solar radiation 
and previously window ventilation was the only 
method of cooling. Due to the European F-gas 
Regulation, no standardized solution based on 
F-gas-refrigerants can be installed. Compared 
to other natural refrigerants, the use of water is 
ideal because it does not incur any restrictions 

for the installation site. Since the chiller is placed 
in a room directly adjoining the staircase, it is 
protected from the weather and makes it easily 
accessible without any risk to its operators.

The flat roof had enough free space and was 
perfectly suited for power generation by means 
of a photovoltaic system (see Figure 1). The roof 
is not only shaded by the photovoltaic panels 
but generates the electricity for chilled water 
production when exposed to sunlight via them. To 
compensate for fluctuations in power generation, 
batteries for 28 kWh power storage were 
installed. This electrical energy is dimensioned for 
a full summer day. 

• Year of installation: February 2018
• Cooling Capacity approx. 35 kW

The eChiller is a highly efficient, water-cooled 
chiller and is equipped with direct evaporators, 
direct condensers, centrifugal compressors and 
an intelligent control system. The combination 
of electrical and thermal storage in conjunction 
with the eChiller’s part-load-efficient turbo-
compressor covers cooling via the daily cycle 
including pre- and post-cooling of the building 
structure. At favorable outdoor temperatures, a 
partial or complete free cooling is driven at night, 
which significantly extends the lifespan of the 
battery storage. Figure 2 shows the annual energy 

Figure 1:  
Solar PV 
installed on 
the roof to 
power the 
chiller. 

Figure 2:  

Annual 
photovoltaic-
based energy 
generation 
fluctuations 
from 2017-
2019. 
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Figure 3: Chilled water circuit for the office building.
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Depending on the model and operating state 
(“stage”), the cooling modules are interconnected 
hydraulically in different ways via two 4-way 
valves. The piping components and materials 
used consist of hoses, PVC pipes and fittings. 
Depending on the operating mode, the water is 
circulated by up to three pumps. The pressure 
in the system automatically adjusts itself to 
the vapor pressure, depending on the different 
temperatures of the system. Any inert gas 
that is present in the refrigerant cycle is 
automatically removed by a vacuum pump. The 
chiller is controlled and connected to a higher-
level control system by a programmable logic 
controller (PLC). The control and regulating 
electronics, as well as the PLC, are housed in a 
control cabinet. The frequency inverters required 
for the centrifugal compressors are located in 
separate frequency converter housing. Figure 5 
below shows the indoor eChiller. 

Compared to other natural refrigerants, the use 
of R-718 was ideal because it is a refrigerant with 
high availability at a low cost. Given that R-718 
has a GWP of zero, and is an A1 (non-flammable) 
refrigerant, any leakages bear no risks to the 
safety of the operator. The project installation 
was completed in February 2018 and has been in 
operation since then without any problems.

Figure 5:  
Indoor 
eChiller 
system with 
the chilled 
water system. 

Figure 4: System components of the eChiller.

fluctuations generated by the solar PV panels from 
2017 to 2019. As seen in Figure 2, the months April 
to July have the highest energy generation.

New System/Installation
The eChiller uses plain water as the refrigerant 
in a chiller with turbo compressors to optimally 
implement the thermodynamic cycle process in 
terms of energy. The eChiller is available as a single 
stage or double stage version with nominal cooling 
capacities of 35 kW and 45 kW, respectively. With 
a chilled water output temperature of 22°C, the 
maximum chilled water inlet temperatures are 
between 28°C and 45°C, depending on the chosen 
number of modules and nominal cooling capacity.

The R-718 chiller system, shown in Figure 3, 
consists of an indoor eChiller that provides 
chilled water to the office ventilation systems. 
The eChiller uses the vapor compression cycle as 
shown in Figure 4, and consists of a centrifugal 
compressor, evaporator, condenser and throttling 
valve. The chilled water flows to the indoor units 
to cool down the supply air provided. After this 
stage, this chilled water heats up, and returns 
to the indoor eChiller to be cooled down by the 
evaporator. The outdoor dry cooler uses air to cool 
down water which takes up heat from liquefying 
R-718 in the eChiller’s condenser.
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Performance
The eChiller, in combination with a photovoltaic 
unit, resulted in a system with no indirect 
emissions - that is: no emissions of greenhouse 
gases from electricity consumption. As the plant 
is generating its own power, as well as storing  
and using it, it prevents infeed going into the 
public grid during periods of high solar radiation 
which, under certain circumstances, may overload 
the grid.

After commissioning, the plant became a 
reference project and has already convinced many 
experts of its high energy efficiency, performance 
and operational safety. The previous operating 
experience and feedback from the operator are 
both positive. Initial evaluations of days with high 
outside temperatures from April to June have 
already exceeded all expectations. It was possible 
to cool the rooms to the setpoint temperatures 
without any problem and without using electricity 
from the supply network.

Cost, Economic and Other 
Considerations
The overall cost of the chiller system was about 
€250,000 (USD 280,000) including the PV unit 
in combination with the eChiller cooling, battery 
and installation. In general, the additional cost 
of an eChiller in comparison to an HFC-based 
chiller is around 50%. However, the eChiller 

Cooling Capacity Approx. 35 kW

Chilled Water temperature 16°C

SEER   ≥ 8

Refrigerant R-718

Cooling Water inlet 40°C

Sound level 68.6 dB (A), pressure level 
in 5m: 42 dB (A)

Cooling method Air-cooled dry cooler

Table 1: Cooling system specifications.

balances these additional costs through great 
energy savings (of up to 40%), as well as the low 
cost of the refrigerant water. The eChiller cooling 
system only uses approximately 30% of the overall 
energy produced by the photovoltaic unit. The 
excess energy produced is fed into the public 
power grid and compensated with € 0.1 per kWh. 
Thus, the installation works are completely self-
sufficient. The installation pays off ecologically 
and economically as it benefits from the funding 
provided by the network operator. Maintenance 
costs are offset by the returns from the excess of 
energy produced and can therefore be negated.

Advantages

• The cooling system installed is self-sufficient 
and provides its own energy without any 
carbon dioxide emissions.

• The maintenance costs are offset by all the 
benefits obtained from the remaining 70% of 
the overall energy supplied to the electrical 
grid.

• R-718 is a safe refrigerant, commercially 
available, and has no GWP.

Disadvantages

• Due to the limited temperature lift between 
the heat source and the heat sink of R-718 the 
minimum chilled water outlet temperature is 
approximately 16°C. 

Disclaimer
The information presented here is provided by 
Efficient Energy. The accuracy of the content and 
figures is the responsibility of the company and 
these have not been verified by the CCAC.
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Name of  the Space/Facility: 
Market introduction of R-290 ductless  
single-split air conditioners to Ghana

Location:   
Accra, Ghana

Contact Information: 
Joseph Baffoe, Environmental Protection 
Agency, Ghana (jabaffoe@gmail.com)
Philipp Munzinger, GIZ Proklima  
(Philipp.Munzinger@giz.de)

Type of  Facility 
Commercial buildings, such as banks, offices,  
retail stores and residential buildings

Technology Transition 
Replacing split air conditioners (ACs) using  
R-22 (HCFC-22) with split AC using R-290  
(HC-290) refrigerant, avoiding high-GWP  
HFCs such as R-410A.

Project Background
The Green Cooling Initiative (GCI) is funded 
by the International Climate Initiative of the 
German Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety (BMU). 
The initiative promotes Green Cooling (the 
transition to natural refrigerants in combination 
with increased energy efficiency worldwide). 
Furthermore, it supports selected partner 
countries in developing sustainable cooling 
strategies to contribute to their national 
climate targets. In Ghana, the GCI assists the 
Environmental Protection Agency and the Energy 
Commission there in developing a regulatory 
framework to advance Green Cooling in the 
stationary AC sector, particularly split-type ACs. 
Support measures so far include:

1. The development of a GHG emissions 
inventory of the refrigeration and air 
conditioning (RAC) sector.

CASE STUDY 6
Introduction of  R-290 Ductless  
Single Split AC Units in Public and 
Commercial Buildings in Ghana

2. A series of trainings for RAC technician 
trainers on proper handling of hydrocarbon 
refrigerants in ACs.

3. The review of the current Minimum Energy 
Performance Standard (MEPS) and an energy 
labelling scheme for room AC.

4. The development of a qualification, 
certification and registration system for RAC 
technicians. 

The current second phase of the Green Cooling 
Initiative started in May 2017 and will run 
through October 2021. The project contributes 
to raising international awareness of the 
significant mitigation potential associated with 
environmentally and climate-friendly cooling 
technologies by supporting partner countries in 
measures to transform their RAC sector. Thereby, 
the project aims to embed the RAC sector into 
the global climate and ozone discussion.

The Ghanaian government chose R-290 as the 
future refrigerant because they consider it to 
be the only sustainable and efficient alternative 
to R-22 and R-410A in split ACs. R-32 has a 
higher GWP than R-290 and has not entered the 
Ghanaian market. Moreover, R-290 is available in 
the Ghanaian market and technicians already have 
substantial experience in handling this refrigerant.

Single split-type ACs contribute most to RAC 
sector emissions in Ghana. They are the most 
common type of cooling appliance, taking 
precedence over chillers even in many office 
buildings and hotels. Most installed units perform 
rather less efficiently with an Energy Efficiency 
Ratio (EER) of 2.8 – 3.1. This results in high 
operating costs for consumers and high leakage 
rates of synthetic refrigerant with high GWP. 
Many units being sold still contain the ozone-
depleting R-22 (GWP = 1,810), the consumption 
of which is slowly being phased-out in compliance 
with the Montreal Protocol. Its substitute R-410A 
has an even higher GWP (2,088) and is subject to 
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Ghana’s HFC phase-down schedule in compliance 
with the Montreal Protocol’s Kigali Amendment 
on HFCs. 

New System/Installation
With support by the Green Cooling Initiative, on 
behalf of the German Federal Ministry for the 
Environment, Nature Conservation and Nuclear 
Safety, 380 single split-type ACs using the 
hydrocarbon propane (HC-290) as refrigerant 
were introduced.

They have a considerably higher energy efficiency 
(EER = 3.5) than the average unit available on 
the Ghanaian market. The new units are part of 
the Midea All Easy series and have the following 
technical characteristics: 

• Cooling capacity: 18,000 BTU  
(equivalent to 5.27 kW) 

• EER of 3.5

• R-290 charge size of 370 grams

• A suitable compressor for R-290 with  
anti-static packaging to eliminate sources  
of ignition

Figure 1: Indoor (left side) and Outdoor (right side) Split Unit ACs manufactured  
by Midea with a cooling capacity of 18,000 Btu/hr (1.5 tons).

The new R-290 split type ACs do not have the 
highest energy efficiency available on the market 
but are considerably more efficient than the 
Ghanaian average (EER of 3.0, based on RAC 
inventory of 2016/2017) at the same cost. 

R-290 has excellent thermodynamic 
characteristics for use in air conditioning. It 
has similar properties to R-22, so relatively few 
changes are needed in the system design. R-290’s 
GWP of 3 is negligible compared to the GWP of 
R-22, R-410A or even R-32 (GWP =675). R-290 
split-type ACs can be designed to be very energy 
efficient and there are fewer environmental issues 
after use compared to synthetic refrigerants. 
Nonetheless, R-290 is a flammable refrigerant.

Units were imported and are currently being 
installed in the Greater Accra area. Technicians  
of the two distributors: Electroland Ghana Limited 
(EG) and Flexi Space, were trained on the safe use 
of hydrocarbon refrigerants. The training included 
the introduction to safe installation guidelines  
and international safety standards using IEC 
60355-2-40. 

It was agreed between the Environmental 
Protection Agency and the two distributors 
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to install a minimum number of five units per 
installation site (residential and commercial 
buildings) in order to keep track of the tested 
appliances. 

The main challenges for the installations were, 
a) Often appliances with different cooling 
capacities for different room sizes in one facility 
are required, and b) Many end-users prefer split-
type ACs of the same brand and series in one 
building. Only one capacity (18,000 BTU) was 
provided in this project. This made it difficult to 
find locations where a higher number of units of 
the same capacity were requested. Figure 2 shows 
the installation of the split unit in a Stanbic Bank 
branch in Accra.

In addition, the country-wide training of AC 
technicians on the use of flammable refrigerants 
is necessary to ensure standardized installation 
and servicing. Ghana is currently in the process of 
developing a certification system for technicians 
that will involve knowledge of and the skills to 
work with flammable refrigerants.

Figure 2:  
Split unit installation in 
Stanbic bank branch 
in Accra showing the 
18,000 BTU unit indoor 
on the top and outdoor 
unit on the bottom, 
showing the flammable 
symbol for R-290. 

Performance
The following table shows a comparison between 
two baseline models – one R-410A model and 
one R-22 model – as well as the R-290 model 
introduced to the market. The much lower GWP, 
the lower initial charge and the superior energy 
efficiency lead to total GHG emission reductions 
of more than 10 tons of carbon dioxide equivalent 
(CO2e) over 15 years. 

COOLING 
CAPACITY

5.3 kW (18,000 BTU/h)

Fixed speed
Compared 
models

R-410A 
Baseline AC1

 

R-22 
Baseline AC2

MIDEA All 
Easy

Refrigerant 
Type 

R-410A R-22 R-290

GWP 1,923 1,810 3

Initial 
refrigerant 
charge (kg)

1.0 1.0 0.38

EER (W/W) 3.0 2.8 3.5

Electricity
consumption
kWh/year

3,392 3,634 2,907

Total GHG 
emissions 
(tCO2eq)3  

28.3 29.2 17

Table 1: Comparison between split units with different 
refrigerants.

So far, the availability of R-290 split-type ACs is 
very limited in Ghana with the 380 All Easy units 
being the first units commercially available in the 
market. 
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Cost, Economic and Other 
Considerations
The price of units in Ghana are highly variable, 
even in the same capacity classes. This is generally 
independent of energy efficiency and differs based 
on brand and features. The units were subsidized 
by the Government of Germany but sold at a price 
close to the market average. It is anticipated that a 
non-subsidized unit will not be considerably more 
expensive. 

Installation costs were reported by local 
companies and it was assumed that the cost for 
R-290 units is slightly more expensive during 
initial market introduction as only specifically 
trained technicians can perform the task and they 
are still limited in number. Technicians also need 
a set of tools that has to be purchased and the 
cost of that needs to be paid back. Altogether, the 
cost of the baseline unit (R-22) with installation 
and the R-290 unit are close, the R-290 unit has 
a 20% lower annual electrical consumption. This is 
reflected in the payback period, which is basically 
zero at less than one month. 

The effect of even a small increase in energy 
efficiency can be seen in the annual electricity 
consumption and the resulting life-cycle costs. 
Electricity consumption is reduced by between 
500 kWh or over 700 kWh compared to the R-22 
unit per year. This is equivalent to running one 
or two efficient big family fridge-freezers, for 
example. 

The savings over a 15-year period are considerable. 
Compared to a less efficient R-22 unit, about  
USD 2,000 can be saved, whilst savings compared 
to a market average R-410A unit are still as high 
as USD 1,300 over 15 years. The importance of 
comparing life-cycle costs with initial purchasing 
costs, even for a relatively small increase in energy 
efficiency is tremendous. The demonstration 
project shows that awareness building about 
energy efficiency, buying units in higher labelling 

COOLING 
CAPACITY

5.3 kW (18,000 BTU/h)

Fixed speed
Compared 
models

Baseline AC
(HFC-410A)

Baseline AC 
(HCFC-22)

MIDEA  
All Easy

Price (USD) 590 590 572

Installation 
cost (USD)

40 40 60

Annual 
electricity 
consumption 
(kWh/year)

3,392 3,634 2,907

Life-cycle 
costs (USD)

10,297 10,988 8,918

Internal Rate 
of Return 
(%)

55% 59%

Payback 
period 
(years) 

0.02 0.01

Table 2: Baseline comparison between units with Midea.

classes and related annual cost savings are 
highly important. It not only reduces costs for 
consumers, but also reduces energy consumption 
and therefore the need to invest in more 
electricity production plants in Ghana whilst still 
allowing for economic growth. 

The Government of Germany donated 380  
R-290 AC units to the Environmental Protection 
Agency (EPA) of Ghana in August 2018. An  
on-site training for technicians on the safe 
handling of the new AC technology was 
conducted. All the activities were facilitated by 
the Green Cooling Initiative, implemented by  
GIZ on behalf of the BMU. 
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Acknowledging the various environmental  
and economic benefits of transitioning to green 
cooling technologies, EPA aims to promote 
its broader market uptake, targeting a market 
penetration of ACs of 70% by 2030 in order  
to prevent greenhouse gas emissions of up to  
7.86 Mt CO2e.

Figure 3:  
Training on 
the safe 
handling of 
R-290 (HC-
290) split 
units. 

Advantages

• The rated EER of the split-units using R-290 
is higher than the EER of R-22 and R-410A 
AC units currently available on the market in 
Ghana.

• Of the three types of units compared  
(R-290, R-22 and R-410A), R-290 units have 
the lowest annual electricity consumption.

• GHG emissions of the R-290 unit is 42% lower 
compared to the R-22 unit.

• R-290 AC units have a lower refrigerant 
charge size than both R-410A and R-22 units.

Disadvantages

• R-290 is a flammable refrigerant, and careful 
handling by trained personnel is needed to 
prevent leakages and ensure safe operation, 
like the training provided to the technicians in 
this case.

• The availability of R-290 models in the 
Ghanaian market is currently limited. 
However, as the manufacturer is scaling up 
production, availability will improve in the 
near future.

Disclaimer
The information presented here is provided by 
GIZ Proklima. The accuracy of the content and 
figures is the responsibility of the company and 
these have not been verified by the CCAC.

1  E. g. models by LG – APNQ18GS1S1, Westpoint (– WAM-
4818LTYE)

²  E.g. models by Daikin (FTXS50GV), Westpoint (WSZ-1811-E), 
Evvoli ) EVT3-18K-C), 

3 Total GHG emissions were calculated by adding direct 
emissions of refrigerant (amount leaked multiplied by GWP) 
to indirect emissions occuring during electricity production. 
Assumptions for calculation: Runtime hours: 1920/year, 
lifetime: 15 years, leakage rates: 23% annual servicing 
emissions, end-of-life emissions: 95%. The grid emission 
factor of electricity production in Ghana is 0.39 t CO2/ 
MWh.

4 http://hydrocarbons21.com/articles/8713/8_major_chinese_
rac_makers_commit_to_sell_220k_r290_units_in_2019
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CASE STUDY 7
Installation of  R-290 Chillers for  
Industry and Businesses in Indonesia

Name of  the Space/Facility: 
PT Phapros, Pbk, Factory – National 
Pharmaceutical Company

Location:   
Semarang, Central Java, Indonesia

Contact Information: 
Santosa Adibawa, Semarang Facility  
(Adiwibawa@phapros.co.id)
Philipp Munzinger, GIZ Proklima  
(Philipp.Munzinger@giz.de)

Type of  Facility 
Pharmaceutical Factory

Technology Transition 
Replacement of two air-cooled reciprocating 
water chillers using R-22 (HCFC-22) with two  
air-cooled reciprocating water chillers using 
R-290 (HC-290).

Project Background
PT Phapros, Pbk was founded in 1954 and is one of 
the largest pharmaceutical companies in Indonesia. 
The headquarters are in Jakarta while the factory 
is situated in the city of Semarang in Central Java. 
In 2017, the annual revenue amounted to IDR 132 
billion  (USD 12.8 million1 ) and there were 2000 
employees, of which a staff of 50 worked in the 
production facility in Semarang. 

Due to the high sensitivity to heat of the drugs 
produced in the Semarang facility, the factory’s 
AC system must provide cool air 24/7. The 
temperature inside the factory needs to be 
constantly below 27ºC and the relative humidity 
below 50%. Taking into account the ongoing 
phase-out of HCFCs like R-22, as stipulated by 
the Montreal Protocol, the company considered 
alternatives for the new chiller system. Together 
with the Green Chillers NAMA (Nationally 
Appropriate Mitigation Action) project – 

implemented by EBTKE and GIZ – the company 
decided not to switch to HFCs but move directly 
to climate-friendly, natural refrigerants instead. 
In compliance with the company’s commitment 
towards climate protection, Phapros seeks to 
contribute to Indonesia’s climate targets.

The Green Chillers NAMA project provided 
technical consultation to Phapros and the 
manufacturer in designing the system. They also 
ensured training to the technicians to safely 
and efficiently operate the propane chillers and 
the project arranged for a safety audit to be 
conducted by international experts. Monitoring 
equipment has been installed so that the actual 
performance of the system can be measured 
and the results can be used to demonstrate the 
benefits of propane chillers. The Green Chillers 
NAMA project continues a close exchange with 
the operators of Phapros in optimizing system 
performance as well as sharing lessons learnt 
from this pilot project.

On behalf of the German Federal Ministry for 
the Environment, Nature Conservation and 
Nuclear Safety (BMU), the Green Chillers NAMA 
project jointly implemented by the Directorate 
General of New, Renewable Energy and Energy 
Conservation (EBTKE) and GIZ, provides support 
to Indonesia in creating and implementing a 
reliable framework for fostering energy efficiency 
in the cooling and air conditioning sector.

New System/Installation
The new system, which was installed at the 
beginning of 2018, consists of two air-cooled 
reciprocating water chiller units, one of which is 
constantly operating, and one of which is used  
as a backup chiller. Their individual cooling 
capacity is 231.9 kW2, making the total installed 
cooling capacity 463.8 kW for both chiller units. 
Based on the monitored data, the system could 
exceed this value approaching a maximum of 
239.5 kW. The measured COP is 4.30, exceeding 
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Figure 1:  
The Air-
Cooled 
condenser 
component 
of the R-290 
Chiller on 
the roof 
supported by 
ventilators 
to cool the 
refrigerant. 

the designed COP of 3.55. The compressor is 
semi-hermetic reciprocating, especially designed 
for hydrocarbons, with 29.4 kW2 and a condensing 
temperature of 45ºC3. Both Green Chillers 
are designed to provide chilled water at 7ºC2. 
The chilled water supply passes through an Air 
Handling Unit (AHU), located in the production 
room on the second floor, which then cools down 
air to maintain the temperature in the room. 
The chillers are installed on the rooftop of the 
production building. Figure 1 shows one of the  
two green chillers on the roof.

The R-290 chillers were designed and 
manufactured by AICOOL, a local business for 
ACs and chiller systems. To demonstrate that the 
new system meets international safety standards, 
safety audits were conducted in July 2018 by 
the German certification institution Institut für 
Kälte-, Klima und Energietechnik (IKET) GmbH. 
Each chiller consists of two identical refrigerant 
cycles, as illustrated in Figure 2, which represents 
the schematic design of one chiller, and has a 
refrigerant charge of 23 kg (11.5 kg per circuit).

Reliable monitoring data is crucial to measure 
the actual performance and allows testing 
optimization measures to improve the system 
performance. Setting up an automatic and robust 
monitoring system turned out to be challenging. 
After a recalibration of the sensors, adjustments 
at the chiller parameter setup and reprogramming 
of the monitoring system, a constant analysis of 
the collected data could be ensured. The in-
house technicians received additional training 
to properly maintain the new system. Currently, 

Figure 2:  
Schematic diagram  
of one chiller load, 
where chilled water  
is cooled in the chillers 
and sent from the 
evaporators to cool 
down the building.



Lower-GWP Alternatives in Stationary Air Conditioning: A Compilation of Case Studies38

CASE STUDY-7 • 

six technicians from Phapros have been trained 
and certified for the safe use of flammable 
refrigerants. 

The old system consisted of two air-cooled 
reciprocating water chillers, one of which also 
functioned as a backup chiller. The chillers 
(30GTN by Carrier) were installed in 1992. Over 
time, the performance of only one chiller was 
no longer sufficient for the increasing cooling 
demand. Therefore, both chillers were operating 
simultaneously which decreased the system’s 
efficiency since the chillers could not operate 
at their maximum performance level. The whole 
system’s cooling capacity, as stated by the 
manufacturer would sum up to 643 kW4, with a 
COP of 2.784. The initial refrigerant charge was 
141.6 kg4. Due to the degradation of the system 
after 24 years of operation and the eventual 
inability to meet the cooling demand, Phapros 
had to replace the old system. In 2016, the Green 
Chillers NAMA project conducted an energy 
audit. According to the measurements, the 
chillers reached a cooling capacity of only  
175 kW and a COP of 1.45.

Performance
In 2016, an energy audit was conducted to 
reassess the actual cooling need of the facility. 
Based on these results, the new chillers were 
designed. The electricity savings came from both 
the increased energy efficiency due to newer 
components such as compressors and valves etc. 
In addition, an optimized system design enabled 
an improved cooling load management and 
adjusting the size of the chillers also increased 
efficiency. These electricity savings translate 
to an annual mitigation of 526 tons of carbon 
dioxide equivalent (CO2e) greenhouse gas (GHG) 
emissions, which leads to possible electricity 
cost savings4 amounting to USD 44,932 1. The 
measured COP of the R-290 chillers are 4.30, 
while the measured COP of the old R-22 chillers 
was 1.45.

Type of System R-290 
Chillers

Old Chillers 
(R-22) 

Cooling Capacity, 
Manufacture 
Specifications [kW]

231.9 643

Measured Cooling 
Capacity [kW]

239.5 175

Refrigerant Type  
(GWP value)

R290 
(GWP=3)

R22 
(GWP=1810)

Refrigerant charge [kg] 23 141.4

Measured COP [W/W] 4.30 1.45

Operation time period Since 2018 1992 – 2017

Since both the chiller system and the refrigerant 
are produced locally, a sustainable supply of 
the refrigerant and maintenance support can 
be guaranteed. The high level of local content 
strengthens the domestic industry and has the 
potential to create new jobs. The implemented 
pilot project provides valuable hands-on 
experience with propane chillers in Indonesia and 
enhances the confidence both of the industry 
and end-users in the safe and efficient operation 
of hydrocarbon technology. Well trained and 
certified RAC technicians will be key to mitigate 
related risks with handling flammable refrigerants. 
Within the framework of the Green Chillers 
NAMA project, the national safety standards 
to allow the uptake of low-GWP refrigerants 
(including hydrocarbons) have been reviewed, 
training materials adopted, and a certification 
scheme for RAC technicians established.

Table 1: Comparison between the R-290 chillers and the 
old R-22 chiller.
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Cost, Economic and Other 
Considerations

The higher upfront costs (the unit price is around 
1/3 higher than for a comparable HFC chiller) 
are offset by the electricity cost savings due 
to superior energy efficiency performance of 
the propane chiller. The investment has a very 
attractive payback period.

The Green Chiller’s unit price (USD 55,8861) and 
installation price (USD 8,8201 ) are both higher 
than the prices for a conventional chiller (USD 
37,8221 and USD 8,5031 ), while the maintenance 
costs are roughly the same. Assuming an 
electricity fee of 0.08 USD/kWh5 the annual 
savings accumulate to USD 16,6024 for the 
company. Therefore, the higher investing in the 
Green Chiller pays back in roughly one year.     

AIR COOLED
HFC Chiller Green Chiller Phapros Difference (%)

Capacity (TR) 67 66

Cooling Capacity (kW) 237 232

Unit Price: million IDR
                                 USD

536
37,822

792
55,886 32%

Installation Price (USD) 8,503 8,820

Total investment (USD) 46,325 64,706

Annual Maintenance Cost (USD) 1,135 1,118

EER 2.7 3.6 25%

Energy Consumption (kWh/year) 783,442 572,238 -37%

Annual Energy Cost (USD) 61,584 44,982 -37%

LCC: million IDR
                       USD

6,160
434,686

4,937
348,372 25%

Direct Emissions (tCO2eq) 451 0.34

Indirect Emissions (tCO2eq) 12,367 9,033

Total Emissions (tCO2eq) 12,819 9,034 -42%

Additional Price (USD) 18,382

Discount rate % (USD) 6%

Electricity price (USD/kWh) 0.08

Running hours 8,760

Lifetime (years) 18

IRR% 21%           

Payback period (years) 1.04

Table 2: Financial assessment between  HFC and R-290 chillers.
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 Advantages

• The measured COP of the chillers using 
R-290 is higher than the currently available 
R-22 Chillers.

• Actual measurement has shown that the use 
of Green Chillers reduces annual electricity 
consumption by 54% compared to the old 
system. 

• Within the lifetime of the chiller (18 years),  
a total of 10,273 t CO2eq (673 t CO2eq  
in direct and 9,600 t CO2eq in indirect)  
GHG emissions can be avoided.

• R-290 chillers have a lower refrigerant charge 
size than the R-22 chillers, thanks to the 
system design and favorable thermodynamic 
properties of the R-290.

• R-290 chillers and the hydrocarbon 
refrigerant are both produced locally.

Disadvantages

• R-290 is a flammable refrigerant, and careful 
handling by trained personnel is needed 
to prevent leakages and to allow for safe 
operation. In this case, training has been 
provided to technicians and engineers for safe 
operation and maintenance of the chillers.

• The initial investment cost in the R-290 
refrigerant chiller is higher than in the HFC 
chiller (but pays back through better energy 
efficiency within roughly one year). 

Disclaimer
The information presented here is provided by the 
National Pharmaceutical Company PT Phapros, 
Tbk –with support of EBTKE/GIZ Green Chillers 
project. The accuracy of the content and figures is 
the responsibility of the company and these have 
not been verified by the CCAC.

1  Conversion rate: USD 1.00 = 14,172.00 IDR
²  AICOOL Green Chiller – Air Cooled Water Chiller Semi  

Hermetic Compressor, Guide Specifications, Installation   
Manual

3 Frascold Z 50 154 AXH Compressor Data Sheet
4 Emission factor 0.877 t CO²/MWh (Faktor Emisi GRK Sistem  

Interkoneksi Tenaga Listrik Tahun, 2016, Java, Bali) 
5 Electricity cost: 1114 IDR/kWh (Tariff Adjustments sd Tahun, 

2018) 
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CASE STUDY 8
Conversion of  the AC system in  
TELUS Canada Central Office

Name of  the Space/Facility: 
TELUS Telecommunications –  
Matane Central Office

Location:   
Matane, Quebec, Canada

Contact Information: 
Ann-Sophie Hamel-Boisvert 
(annsophiehamelboisvert@carnotrefrigeration.
com)

Type of  Facility 
This facility is a central office of a major 
telecommunications company, which is a 
building containing servers, routers and 
switches.

Technology Transition 
The transition is from R-22 (HCFC-22) direct 
expansion (DX) air conditioning units to new 
R-744 (CO2) air conditioning units.

Project Background
The project was launched as a pilot for TELUS  
to test out a Carnot Aquilon CO2 air conditioning 
unit manufactured by Carnot Refrigeration.  
The aim was to verify its efficiency and reliability 
in order to evaluate its feasibility for wider 
deployment at other TELUS facilities. As TELUS 
has ambitious energy and greenhouse gas 
reduction objectives which were established 
in 2010, it is always seeking out innovative 
technologies and solutions to help achieve  
those goals. These objectives include :

1. To reduce absolute domestic energy 
consumption by 10% from 2010 levels by 
2020.

2. To reduce absolute domestic greenhouse  
gas (GHG) emissions by 25% from 2010  
levels by 2020.

Engineering for this project began in the fall of 
2017 and construction was completed in the 
spring of 2018 at the Matane Central Office, 
located on the Gaspé Peninsula in the province 
of Québec, Canada. The telecommunications 
facility is approximately 465 m2 (5000 ft2). The 
new Carnot Aquilon system maintains the server 
room at 23°C year-round using free cooling 
when the outdoor temperature is low enough, 
and mechanical cooling otherwise. In a data 
room, the heat density that needs to be cooled 
is much higher than in a comfort AC setting. The 
free cooling process works by allowing the CO2 
to naturally circulate between the gas cooler on 
the roof and the evaporator unit indoors. This is 
due to the pressure differential induced by the 
difference in indoor and outdoor temperatures 
with the fans running at both the gas cooler  
and evaporator, as shown in Figure 1. The old  
air conditioning units remain on site as standby 
units for redundancy and will be replaced in the 
coming years.

Figure 1: Schematic of the CO2 flow diagram, showing the 
flow between the gas cooler on the roof and the evaporator 
unit indoors due to the pressure differential induced by the 
difference in temperature between the inside and outside.
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Rigorous development and meticulous laboratory 
testing was conducted for the demonstration of 
an innovative, proven and robust cooling system 
named Aquilon (Figure 2). This system runs in 
free cooling for more than 90% of the year. 
The Aquilon cooling technology has a variable 
frequency drive compressor, electronic valves and 
variable speed electric motors.

The old cooling infrastructure was provided 
by two 22-ton DX air conditioning units, each 
containing approximately 91-kg (200-lbs) of 
R-22 refrigerant. Each AC unit is composed 
of two 11-ton circuits with one compressor on 
each circuit, providing a total capacity of 22 
tons per unit. Each AC unit is air-cooled with 
a compressor located on the roof. The old air 
conditioners were less efficient as they ran their 
compressors year-round to cool the central office 
facility, even during the winter. Due to the age 
of the old equipment, occasional repairs such as 
replacing components like head pressure valves 
and other parts have been required. The air was 
distributed via overhead ducts to the racks of the 
telecommunication equipment.

New System/Installation
The site has approximately 19 tons (67 kW) of 
heat load from the network equipment (servers, 
routers, etc.). Therefore, the Aquilon 24-ton 
air conditioning unit from Carnot Refrigeration 
was selected to meet this load requirement and 

Figure 2:  
CO2 Aquilon 
AC unit 
developed 
by CARNOT 
Refrigeration. 

account for some future growth. It contains one 
refrigeration circuit and uses R-744 (CO2) as its 
refrigerant. It is capable of free cooling at lower 
exterior temperatures, allowing the Aquilon unit 
to cool the Central Office without running its 
compressor. Table 1 below shows the technical 
data regarding the Aquilon 24 unit.

TECHNICAL DATA – AIR CONDITIONING UNIT 
AQUILON 24

Refrigerant R-744 (CO2)

Number of independent 
circuits   

1

Number of cooling coils 2

Nominal capacity (at 
350C / 950F outdoor 
temperature)

81.5 kW (23.2 Tons)

Sensible capacity (return 
air at 23.90C / 750F,  
45% RH)

MERV number 8

Design Pressure 120 bars (1,740 psi)

Unit Weight 1,590 kg (3,500 lbs.)

Table 1: Specifications of the Aquilon 23 unit, including 
capacity, filtration and refrigerant used.

The new Aquilon air conditioning unit was 
installed as a pilot project for TELUS to test the 
energy-efficiency and reliability of the CO2-
based air conditioner. TELUS established energy 
reduction and greenhouse gas reduction targets. 
Today, new air conditioners installed usually use 
hydrofluorocarbons, often R-410A (HFC-410A)  
that has a Global Warming Potential (GWP) of  
2,088. Other refrigerants available are CO2,  
propane, and ammonia, but these are not widely 
used. CO2 was selected as a good option, since it  
has a GWP of 1 and is neither flammable, nor toxic. 
Furthermore, CO2 refrigerant, or R-744, is readily 
available in the Canadian market.
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The duration of the project was approximately 
6 months from the start of the design to the 
completion of installation. The main challenge 
of the new system is that it operates at much 
higher pressures than traditional air conditioning 
systems. The higher pressures require appropriate 
safe handling of the system when performing 
maintenance. Therefore, proper training of 
technicians to safely maintain and operate the 
new unit is required. Also, additional ducting was 
added to connect the new air conditioning unit to 
the air distribution and to install more air drops in 
the equipment racks for improved airflow.

Spare parts and equipment are also available from 
the manufacturer (Carnot Refrigeration) and 
several distributors. Nevertheless, TELUS’ own 
refrigeration technicians are being trained on the 
maintenance and operation of the new system. 
However, more complex reparations and welding 
require qualified contractors.

Performance
The system capacity was evaluated against the 
revised building loads. The system performance 
at various temperatures is shown in Table 2 above. 

The pPUE is the partial power usage effectiveness 
of the system that is usually used for data rooms 
like this case. The power usage effectiveness 
(PUE) is defined as the ratio of power entering 
a data center by the power used to run the IT 
equipment within it. The partial PUE (pPUE) 
defines a certain portion of the PUE such as the 
lighting, AC system and pumps. This means that 
the more efficiently the cooling system operates 
(which is the case in free cooling mode), the 
closer the pPUE value is to 1. In Table 2, the pPUE 
of the Aquilon 24-ton unit is provided at different 
capacities, depending on the outside and data 
room temperature.

In comparing the new system with the previous 
one, the GWP of the refrigerant was reduced 
from 1,810 for R-22 to 1 for R-744. No estimations 
on the reduction of greenhouse gas (GHG) 
emission have been done, but the new system 
reduced the energy consumption on TELUS by 
60% for the data center only. No leaks have 
been experienced in the new system. The price 
of the refrigerant (CO2) is approximately 20 
times less than R-22. The energy savings on the 
entire building was 14% during the first year of 

COOLING CAPACITY 
(KW)

INDOOR 
CONDITIONS

OUTDOOR TEMPERATURE (˚C)

TOTAL SENSIBLE ˚C %RH -10 -5 0 5 10 15 20 25 30 35

98.5 98.5 29.4 33 kW2 2.32 2.94 3.88 4.82 7.12 8.36 16.08 18.01 23.86 30.19

pPUE 1.03 1.04 1.05 1.06 1.09 1.11 1.2 1.23 1.3 1.38

94.4 94.4 28 36 kW2 2.32 3.22 5.21 7.55 8.21 8.52 15.75 18.42 24.19 30.47

pPUE 1.03 1.04 1.07 1.1 1.11 1.11 1.21 1.24 1.32 1.4

89.8 89.8 26 39 kW2 2.75 3.51 5.78 7.83 8.42 14.53 15.35 19.99 24.52 30.75

pPUE 1.04 1.05 1.08 1.11 1.12 1.2 1.21 1.28 1.34 1.43

81.7 72 24 45 kW2 2.93 4.16 6.54 8.13 8.52 14.13 15.53 19.51 25.02 31.03

pPUE 1.05 1.07 1.11 1.14 1.15 1.25 1.27 1.34 1.43 1.543

Table 2: pPUE of the Aquilon 24 -ton unit at different cooling capacities, indoor and outdoor conditions.



Lower-GWP Alternatives in Stationary Air Conditioning: A Compilation of Case Studies 45

operation. This is partly because the cooling 
systems in data centers usually cover 30% of the 
energy consumption as shown in Figure 3 below.

Cost, Economic and Other 
Considerations
No information was provided about the initial  
cost of the new system but generally this type 
of CO2 system is approximately 40-50% more 
expensive than a new, less efficient R-410A 
systems. The installation cost is comparable to 
the installation of other types of systems. The 
efficient CO2 system provides electricity savings 
resulting in a simple payback period of less  
than 2 years compared to a new less efficient 
R-410A system. In addition, maintenance costs 
are lower than the old units that were on site.

Advantages

• Significant decrease of the data center energy 
consumption related to cooling by 60% for 
the cooling center only, and 14% for the entire 
building.  

• Reduction in maintenance costs due the 
simplicity of the system.

• The payback period of implementing this 
system was two years.

• Reduction in emissions of greenhouse gases 
due to the very low GWP of CO2 and leakage 
prevention due to orbital welding of the 
stainless-steel piping in the CO2 chiller. 

Disadvantages

• The initial cost of the project was higher 
due to the higher capital costs of the CO2 
unit compared to a traditional R-410A unit; 
however, the amount was returned due to the 
reduction in energy consumption.

• Advanced repairs and welding require 
qualified contractors that are available in 
different cities across Canada. This has the 
potential to be costly to TELUS. Training 
was required for TELUS employees to 
perform simple maintenance and operating 
procedures.

Disclaimer
The information presented here is provided by 
Carnot Refrigeration. The accuracy of the content 
and figures is the responsibility of the company 
and these have not been verified by the CCAC.

1  TELUS 2018 Sustainability report titled “Good Business,  
   Doing Good”
²  kW at 80% of the Load
3  METI Green IT Promotion Council 2008

Figure 3:  
Average  
energy 
consumption 
profile for 
a typical 
computer  
room3. 
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CASE STUDY 9
Manufacturing Conversion of   
Split AC Equipment from R-22  
to R-290 in Saudi Arabia

Name of  the Space/Facility: 
Alessa for Refrigeration & Air Conditioning Co.

Location:   
Riyadh, Saudi Arabia

Contact Information: 
Yury Sorokin, UNIDO (Y.SOROKIN@unido.org)

Type of  Facility 
Alessa Refrigeration is a large producer 
of domestic, commercial, and industrial 
refrigeration as well as air conditioning (AC) 
equipment in Saudi Arabia.

Technology Transition 
Currently, Alessa uses R-22 (HCFC-22) and 
R-410A (HFC-410A) refrigerants. A transition to 
use R-290 (HC-290) for mini-split AC units  
is under development.

Project Background
With a view to demonstrate a smooth  
transition from ozone depleting refrigerants, 
particularly hydrochlorofluorocarbons  
(HCFCs), to low global warming potential  
(GWP) refrigerants, this project was approved  
as a demonstration project under the  
Multilateral Fund for the Implementation of 
the Montreal Protocol in 2016. The project 
was selected as it was expected to contribute 
to improving knowledge, concept, approach, 
application and practice with respect to the 
conversion of a manufacturing facility to a lower-
GWP alternative technology using a flammable 
refrigerant in a high ambient temperature  
(HAT) country1.

The project was approved by the Executive 
Committee of the Multilateral Fund at its 
76th meeting in May 2016 with the following 
objectives:

• The development and validation of window 
and split unit air conditioners with the use of 
low-GWP refrigerants such as R-290.

• To test the different options in a laboratory 
and under real conditions.

• The demonstration of production setup and 
validation of the procedures.

• An environmental and energy impact study.
• The production of units and testing with end-

users.

This project also aimed to demonstrate that 
there are viable and low-GWP alternatives for 
the AC sector in HAT countries which face 
particular challenges in terms of ensuring a level 
of performance and energy efficiency similar 
or superior to R-22 equipment. HAT countries 
require equipment with a high coefficient of 
performance (COP) and specific characteristics 
that allow efficient use in very high temperatures. 
These units operate during extended periods, 
and often at full capacity during certain times of 
the day which consumes a significant amount of 
energy. Furthermore, as energy measurement 
of AC units is mainly reported at T1 conditions  
these underestimate country emissions in HAT 
countries. Therefore, a critical review of the 
assignment of temperature conditions should be 
done for all countries individually. Due to climatic 
variations, it is unrealistic to use T1 conditions 
in HAT countries. In the summer, temperatures 
can reach 50°C with dry conditions in some 
locations, such as Riyadh, while hot temperatures 
with high humidity prevail in other areas, such as 
Jeddah.

One of the main reasons for this project to 
introduce R-290 as a refrigerant in Saudi Arabia 
is the good energy performance of HC-290 
according to the results achieved during the 
project “Promoting Low-GWP Refrigerants 
for Air-Conditioning Sectors in High Ambient 
Temperature Countries (PRAHA),” as shown in 
Figures 1 and 2.
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These graphs show that R-290 demonstrates the 
least degradation compared to the performance 
at an ambient temperature of 35°C. In addition, 
the test at Alessa already showed an Energy 
Efficiency Ratio (EER) much closer to R-22.

One major drawback of using the R-290 
refrigerant is safety as it is flammable. However, 
it is clear that servicing practices generally need 
to improve with the advent of new refrigerants 
and equipment. Technicians should increasingly 
be seen as specialists with extensive knowledge 
of mechanical, electrical, chemical and regulatory 
aspects.

It should also be considered that ensuring safety 
in buildings goes well beyond air conditioning, and 
that building materials pose, in most cases, much 
larger challenges. The advantage of R-290 is that 
it presents an opportunity to significantly upgrade 
servicing workmanship, because many technicians 
need to be trained in how to use it safely. HAT 
countries mainly use mini-split ACs for cooling but 
sometimes use them for heating. R-290 energy 
and safety requirements result in:

• Reduced leakage rate
• Easy implementation on all units
• Improved efficiency

The choice of Alessa to pursue the way of R-290 
was based on the PRAHA results. The first tests 
completed show:

• Excellent COP with a not fully developed 
prototype

• Considerable smaller unit compared to a 
R-410A unit

• Compliance with the Saudi Minimum  
Energy Performance Standards (MEPS),  
which are Metrology and Quality  
Organization (SASO) requirements

Overall the costs of the units will decrease due 
to the downsizing of the indoor unit, condenser 
and housing, packaging, transport, and refrigerant 
costs. These size reductions will offset the costs of 
the compressor, which is slightly larger due to the 
volumetric capacity of R-290.

New System/Installation
The new system will work with R-290, and 
the EER values already comply with the SASO 
requirements at the different testing conditions: 
MEPS Saudi Arabia SASO 2663/2018 ISO 5151.

These results have been achieved with a non-
optimized R-290 / T3 compressor and an 
oversized condenser. The optimization process 

Figure 1: Degradation of Energy Efficiency Ratio (EER) for 
different refrigerants with increasing ambient temperature of 
Mini-split (Decorative split) Units.

Figure 2: EER of different refrigerants compared to R-22  
(HCFC-22) at different ambient temperatures. R-290 
has the least degradation compared to other refrigerants 
followed by R-32.
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is underway for improving the condenser and to 
subsequently improve the COP. The strategies 
used to improve the condenser are:

• Develop a validated heat exchanger model 
using publicly available software

• Investigate the performance of small-
diameter internally enhanced tubes

• Optimize the coil design based on current 
manufacturing constraints

The new system is practically an R-22 unit 
upgraded for the use of R-290. The compressor 
was substituted with a more suitable one for 
the application of R-290, while the electrical 
equipment housing was adapted from a safety 
point of view. The indoor and outdoor units are 
considerably smaller, with a reduction of about 
30% in size. Consequently, raw material costs  
will be reduced.

The installation of the units will start off with a 
field evaluation of actual installations in relevant 
habitable rooms. These tests will run R-290 and 
R-410A units in parallel for data comparison 
between the refrigerants. Knowledge and 
experience in the servicing and installation of 

MODE RATED TESTED
REQUIRED EER  

(MEPS)

T1
Cooling Capacity (BTU/h) 17000 16644.8

Cooling Power (W) 1417 1344

EER (BTU/W-h) 12 12.38 11.8

T3
Cooling Capacity (BTU/h) 15000 15127.1

Cooling Power (W) 1695 1600.6
EER (BTU/W-h) 8.85 9.45 8.3

H1
Cooling Capacity (BTU/h) 4300 4334.5

Cooling Power (W) 1265 1242

EER (BTU/W-h) 3.4 3.49

Table 1: The R-290 split units compared to MEPS (SASO minimum required EER).  T1, T3 and H1 are the testing conditions given 
in Table 2.

the units will be provided and all the monitoring 
equipment has been provided for this scope 
through the project.

The challenges being faced by the company 
are mainly procurement issues. Development is 
underway for condensers with 5 mm internally 
enhanced pipes, however, these specific pipes are 
difficult to procure. It is a step being undertaken 
to enable the reduction of refrigerant charge 
by 30%. Compressor design work is already 
underway by the supplier.

Performance
The Alessa engineering team worked on 
developing the R-290 mini-split system. The 
first step was evaluating a commercialized unit 
from the international market. The next was to 
make minor system modifications to the baseline 
R-410A condensing unit which was retrofitted 
with an R-290 compressor. It was also necessary 
to modify the capillary tube and use a well-
matched indoor unit. Tables 2 and 3 summarize 
the MEPS testing conditions and the MEPS 
applied for ACs in Saudi Arabia, respectively.
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INDOOR SECTION OUTDOOR SECTION

TESTING CONDITION DRY BULB 
°C / °F

WET BULB 
°C / °F

DRY BULB 
°C / °F

WET BULB 
°C / °F

T1 27.0 80.6 19.0 66.2 35.0 95 24.0 75.2

T3 29.0 84.2 19.0 66.2 46.0 114.8 24.0 75.2

H1 20.0 68 19.0 59 7.0 44.6 6.0 42.8

Table 2: Testing conditions according to SASO 2663/2018.

AIR CONDITIONER TYPE EER VALUES
BTU/H/ W

RATED COOLING  
CAPACITY (CC) AT T1 IN 

BTU/H (OR W)
T1 T3

Split type ducted and non-
ducted using air cooled 
condensers, heat pumps 

using air cooled condensers

11.80 8.30 CC<=65,000 
(19,050 W)

Table 3: MEPS in Saudi Arabia for units with cooling capacities lower than 65,000 Btu/h.

Figure 3 shows the expected performance 
compared to the baseline R-22 system 
performance. It shows that the R-290 system has 
10% higher EER at T1, and 5% higher EER at T3 
compared with the baseline R-22. However, the 
R-290 system capacity is 9% lower at T1 and 14% 
lower at T3 compared with the R-22 baseline, as 
shown in Figure 4.

The prototype made by Alessa employed the T3/60 
Hz compressor originally rated for R-22. The T1 
rated capacity for this compressor is 5,350 W 
with an EER = 12.63 Btu/W-h). The prototype unit 
exceeded the MEPS for Saudi Arabia by 7% at T1.

One of the major challenges of adopting the 
R-290 technology in Saudi Arabia is the availability 
of compressors rated for high ambient operation 
(T3) which can operate with a frequency of 
60 Hz. Alessa and the implementing agency 
are still discussing this issue with compressor 
manufacturers to develop a prototype. 

On the other hand, Alessa has developed the 
required infrastructure changes to safely produce 
R-290 equipment. In addition they can produce 
small-diameter tube coils for condensers which 
would further optimize the performance and 
reduce the system charge.
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Cost, Economic and Other 
Considerations
The split units are in the early stages of prototype 
manufacturing so it will be difficult to determine 
the cost of the system. The cost of installation 
will be higher than for the R-22 split units due to 
the needs to employ the required well-trained/
certified personnel. Considering climate action 
monitoring requirements this will however be the 
case with all servicing technicians and no extra 
maintenance costs are expected. Compared 
with the old system, the R-290 mini-split AC is 
expected to have a modest cost premium with 
up to 20% efficiency improvement. No payback 
period can be specified at this stage.

Advantages

• The measured EER of the mini-split units 
using R-290 is higher than the EER currently 
available for R-22 equipment at T1 testing 
conditions.

• R-290 units are 30% smaller in size than the 
R-22 or R-410A split units. 

• R-290 units have a lower refrigerant charge 
size than R-22 units. 

Disadvantages

• R-290 is a flammable refrigerant, and any 
leakages should be considered. However 
with suitable training course on safe handling 
and installation for technical staff, and good 
equipment design, incidents can be avoided.

Disclaimer
The information presented here is provided by 
Alessa for Refrigeration & Air Conditioning Co. 
The accuracy of the content and figures is the 
responsibility of the company and these have not 
been verified by the CCAC.

Figure 3: EER values for the R-290 mini-split unit 
compared with R-22. The R-290 system has a 10% higher 
EER at T1, and a 5% higher EER at T3 compared with the 
R-22 baseline.

Figure 4: Cooling Capacity of the R-290 mini-split compared 
with R-22. R-290 system capacity is 9% lower at T1 and 14% 
lower at T3 compared with the R-22 baseline.

1  For the HAT exemption to apply, a country must have 
an average of at least two months per year over ten 
consecutive years with a peak monthly average temperature 
above 35°C. Kigali Fact Sheet 9

²  T1 is the standard condition for testing AC systems  where  
the internal condition is set at (Tdry bulb of 26.7°C and Twet 
bulb of 19.4°C and the the outdoor condition is set at Tdry 
bulb of 35°C and Twet bulb of 23.9°C, as shown in Table 2 for 
Saudi Arabia

3 OEM: Original Equipment Manufacturer
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CASE STUDY 10
Installation of  Ammonia Chillers  
in a Medical Center in Uzbekistan

Name of  the Space/Facility: 
Republican Research Center for Emergency 
Medicine (RRCEM) 

Location:   
Tashkent, Uzbekistan 

Contact Information: 
Montreal Protocol Unit / Chemicals, UNDP 
Istanbul Regional Hub for Europe and the CIS 
(etienne.gonin@undp.org)
Sustainable Development Cluster, UNDP 
Uzbekistan (registry.uz@undp.org) 

Type of  Facility 
Emergency Medical Center (Hospital)

Technology Transition 
Transition from R-22 (HCFC-22) chillers  
to Ammonia (R-717) Chillers.

Project Background
The Republican Research Center for Emergency 
Medicine (RRCEM) was established in 1998. 
It provides emergency medical care all over 
Uzbekistan through its 12 regional branches and 
172 sub-branches. The RRCEM’s head office 
provides emergency medical care to 50,000 
patients annually and has roughly 2600 medical 
personnel. 

The previous air conditioning system, in the head 
office, consisted of two chillers running on R-22 
to provide cooling to five buildings. These  
chillers began to malfunction and were not 
operating at the required cooling demand. It 
was estimated that the R-22 chillers operated 
at 20% of their capacity which resulted in the 
need to place 200 additional R-22 split-units in 
the hospital. The chillers also required annual 
refrigerant charging that reached 50% of the 
total refrigerant (156-kg).

This project was carried out within the framework 
of Global Environment Facility (GEF) and 
financed and supported by the United Nations 
Development Programme (UNDP) that assisted in 
the renovation of the centralized air conditioning 
system of the RRCEM. This was done by replacing 
outdated chillers running on the ozone-depleting 
refrigerant R-22 with two ozone-friendly and low 
charge ammonia chillers with zero global warming 
potential (GWP). Each ammonia chiller has the 
following main technical parameters:

• Cooling capacity: 847.3 kW per chiller
• Condenser temp (outlet/inlet): + 37°C /  

+ 32°C
• Cold water (outlet/inlet): + 7°C / + 1 2°C
• COP: 5.37
• Max ambient temperature: +40 °C

To minimize refrigerant leakages, an installed 
automatic computerized control panel is 
equipped with ammonia detector warning signals, 
automatic cooling control and high pressure/low 
pressure (HP/LP) safety valve settings. Figure 1 
shows the specifications of the ammonia chillers.

The main impact of this project can be highlighted 
as:
_ The project is the first of its kind in Central 

Asia to be implemented in a large healthcare 
facility.

_ The replication/scale up is being considered 
by the Government’s Ministry of Health in 
five healthcare institutions countrywide.

New System/Installation
The aim of the project was to introduce energy-
efficient, ozone-friendly and low-GWP cooling 
technologies in Uzbekistan. In order to choose the 
appropriate technology, which is available in both 
local and international markets, several selection 
criteria were applied (see Table 1).
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Figure 1: Specifications of the Ammonia Chillers.

The following provides an overview of the 
findings:

1. Technology for replacement. The available 
alternative energy efficient, ozone-friendly 
technologies with lower GWP using natural 
refrigerants were chillers running on 
ammonia, propane (R-290 (HC-290)) and 
CO2 (R-744). 

2. Environmental impact. R-717 has no Ozone 
Depletion Potential (ODP) and zero GWP with 
no adverse impact to environment. R-290 and 
R-744 have zero ODP and lower GWPs, of 3 
and 1 respectively.

3. Ambient Temperature. Relatively high 
ambient temperature (40°C) could be a 
barrier to using R-744 allowing application of 
cascade (with ammonia, for instance) or trans-
critical refrigeration systems. R-290 and 
R-717 (NH3) based technologies could be used 
in the given ambient temperature. 

4. Energy efficiency (COP). A COP of 4.5 was 
set as a minimum based on market research  
of the available technologies.

SELECTION
CRITERIA/
REFRIGERANTS

HCFC
(R-22)

HCFC
(R-134a)

Propane
(R-290)

Ammonia
(R-717)

CO2
(R744)

Available 
technology for 
replacement  

a a a a a

Environmental 
impact 
(Refrigerants 
with higher GWP 
compared to 
the HC and CO2 
refrigerants)

 x x a a a

Ambient 
temperature

a a a a  a

Energy Efficiency x a a a a

Suitable Location 
on Buidings

a a a a a

Safety standards 
and rules

a a x a x

Availability of 
local expertise

a a x a x

Local production 
of refrigerants

x x x a x

Table 1: Summary of alternative technologies operating on 
Propane, Ammonia and CO2 in comparison with HCFCs and HFCs.

TWO NEW CHILLERS
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Performance
In contrast to HFC based chillers, ammonia-based 
chillers have a GWP of zero. This choice considers 
the perspective of the country upholding its 
commitment to the Kigali Amendment, which 
is a global agreement to reduce the usage and 
availability of HFCs worldwide. Therefore, 
the decision for an ammonia type of chiller is 
logical, even though it might require additional 
investment costs. The ammonia-based chillers 
had a COP of 5.37, which is higher than the HFC 
alternative of 2.9, and required a lower refrigerant 
charge, by almost 70 kg. Replacing the R-22 
(HCFC-22) chillers with ammonia chillers resulted 
in an annual refrigerant emission prevention 
equivalent to 141.2 metric tons of carbon dioxide 
(CO2). 

Figure 2:  
Chiller Station 
installation 
showing the 
compressors 
on the left, and 
control box 
on the right. 
There are two 
compressor 
units behind 
each other. 

OLD HCFC 
BASED 

CHILLERS

AMMONIA 
BASED 

CHILLERS

HFC 
BASED 

CHILLERS 

General technical specifications

Type of 
refrigerant R-22 R-717 R-134a

Cooling 
capacity of 
two chillers

1200 kW 1695 kW 1700 kW

COP Not 
available

5.37 2.9

Total 
refrigerant 
charge size

156 kg

 

80 kg

 

150 kg

Table 2: Comparison between ammonia, R-22, and R-134a 
chillers.

5. Location. Restricted access to the machine 
room allowed the installation of both 
flammable/toxic and non-toxic/ non-
flammable refrigerant based chillers.

6. Safety. Safety rules were available for the 
ammonia-based technology. No safety rules 
are currently available for propane and CO2 to 
be used as refrigerants. 

7. Availability of local expertise in handling 
refrigerant. Uzbekistan used to have 
ammonia-based technologies for cold 
storages and milk-processing facilities before 
1991. Thus, the expertise for handling R-717 
is present, even though there was a partial 
loss due to transfer of equipment to HCFC/
HFC based equipment in the 1990s. On the 
other hand, there is no local expertise in 
place for handling R-290 or R-744 in the air 
conditioning sector.

8. Availability of refrigerants. R-717 is locally 
produced whereas R-290 and R-744 are not 
manufactured locally.

9. Price. Natural refrigerant based technologies 
cost more than synthetic refrigerant-based 
technologies (HCFC, HFC, etc.).  

Considering the R-717 expertise in the country, 
the availability of local production and applicable 
technology, ammonia chillers were considered  
the best option for replacing old chillers running 
on R-22.
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It should be noted that most of the natural 
refrigerants, on which alternative technologies 
work, are toxic and/or flammable. This means 
that, compared to HFC technologies, additional 
costs will likely be faced. Natural refrigerants are 
one of many suitable options in replacing higher 
GWP refrigerants in the present and near future. 
Training of technicians who can handle such 
refrigerants, that are flammable and/or toxic, will 
be an inevitable part of this transition.

Cost, Economic and Other 
Considerations
One of the barriers in the application of ammonia-
based chillers could be initial investment costs 
that are about 45% more than for similar chillers 

running on HFC available locally (see Table 3). 
Since the current price of electricity is low (USD 
30 per MWh), a payback of the initial investment 
on energy-efficiency is around 15 years. On the 
other hand, the price of R-717 is at least four times 
less than the price of HFC refrigerants and the 
total charge amount for ammonia chillers is half 
that of HFC chillers.  

Advantages

• The measured COP of the ammonia (R-717) 
chiller is higher than that of HFC chillers.

• The total charge amount for the ammonia 
chiller is nearly half of the R-134a and R-22 
chillers.

• Removal of 156 kg of R-22; leakage of up to 

OLD HCFC BASED 
CHILLERS

AMMONIA BASED 
CHILLERS

HFC BASED CHILLERS 

Prices* and availability of refrigerants

Local production  
of refrigerant

No Yes No

Price per kg 
(USD)

8 2 10

Total refrigerant price 
(USD)

1,248 160 1,500

Total price for two 
chillers (USD)

Not available
 

377,032
 

259,259

*UNORE for April 2018: USD 1= EUR 0.81, USD 1= 8111 UZS

Table 3: Comparison of chillers running on HCFCs, Ammonia, and HFCs.
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78 kg (50% of the previous system), which 
is equivalent to 141.2 tons of CO2e annually 
prevented. 

• 200 split air conditioners, which were 
installed additionally, are not in use anymore, 
which reduced energy consumption costs at 
RRCEM substantially.

• The smell of ammonia is an advantage, to 
some extent, for timely recognition of a 
leakage.    

Disadvantages

• R-717 remains a B2L refrigerant, meaning  
it is toxic to occupants, therefore the 
placement of the sensors to detect leaks 
is inevitable and having the chiller rooms 
equipped with a proper ventilation system for 
these cases is required. Training the technical 
staff on proper engineering practices is also 
crucial to avoid leakages.

Disclaimer
The information presented here is provided by 
the Republican Research Center for Emergency 
Medicine. The accuracy of the content and figures 
is the responsibility of the company and these 
have not been verified by the CCAC.



The Climate and Clean Air Coalition is the only global 
partnership that addresses air pollution and climate change 
in an integrated way, through fast action to reduce short-
lived climate pollutants – methane, HFCs, black carbon, 
and tropospheric ozone – that delivers multiple benefits for 
climate, health and  development goals.

The Coalition was launched in 2012 as an action-oriented, 
flexible and multi stakeholder partnership. We have a strong 
track record of driving political and policy changes, of 
delivering sectoral mitigation actions, and advancing SLCP 
mitigation planning at the national and subnational levels, 
as well as increasing the scientific understanding of the 
importance of short-lived climate pollutant mitigation.
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collaborating partners and the donors to the Climate and 
Clean Air Coalition Trust Fund. These donors include:  Canada, 
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Walloon Government of Belgium, Australia and Finland.
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