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Abstract: Refrigeration system for supermarket applications significantly contributes to direct and indirect global 

warming. The aim of this analysis is to present a methodology of assessing such systems in terms of refrigerants, 

machinery and operational protocol to minimize the total equivalent warming impact (TEWI). Air-cooled refrigeration 
system is analyzed for low temperature (LT) evaporation (–20°C) and medium temperature (MT) evaporation (0°C) 

with condensation at 40°C. The effects of suction superheat and subcooling have also been accounted for. Various 

refrigerants such as HFC 134a, HFC blend 410A, HFO 1234yf and CO2 are considered as working fluids for catering 

to a LT load of 50 kW and MT load of 250 kW. TEWI have been assessed and compared for these refrigerants and their 

combinations. A quantitative analysis of economic loss due to refrigerant leakage has also been performed. 
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1. INTRODUCTION  
 

Air conditioning, heating and refrigeration demands of 
supermarkets are the primary reasons of extensive 

energy consumption of the world [1,2]. A typical 3700-

5600 m2 supermarket of sales area consumes about 2-3 

GWh of electricity annually [3]. The electricity used for 

driving cooling system [4] is predominantly derived 

from fossil fuel- (such as coal, natural gas) based power 

plants [5] which primarily release global warming gases 

like CO2. Although alternative electricity generations 

such as nuclear, solar, windmill etc. are free from such 

encumbrance, their contribution to the grid is small [6]. 

GWP arising due to electricity consumed on site is 
considered as indirect emission [2,7,8]. In the case of 

supermarkets, a more serious source of emissions is the 

refrigerant leakage. Rightly, its impact is regarded as 

direct emission of global warming gases [1,9,10]. 

Current levels of leakage are around 10-15% of stock on 

site per year [11]. It is also necessary to emphasize that 

the fluorocarbon refrigerants currently in vogue 

leverage that impact by factors a few 1000’s. Logically, 

the environmental performance indicator for a 

supermarket must be assessed through the total 

equivalent warming impact (TEWI) which is the sum of 

direct and indirect emissions [12]. From the above 
perspectives, the present study analyzes TEWI for 

supermarket refrigeration systems using various 

refrigerants including most commonly used HFCs, 

potential futuristic HFO refrigerant and low GWP 

natural refrigerant.  
 

2. ASSESSMENT PROCEDURE 

A typical super market refrigeration system has several 

display cases for various refrigerated items such as 
vegetables, fish, meat, beverage, ice-cream. Each case is 

serviced by a separate evaporator. Compressor racks are 

housed in a plant room and the condensers are normally 

located on the roof. Liquid refrigerant from the 

condenser is often stored in a receiver. Obviously, liquid 

refrigerant flows a long distance from the plant room to 

the expansion valve which is located close to the 

evaporator. TEWI is the sum of direct and indirect GWP 

discharged from a system. The following equation is 

used for the assessment of TEWI [13]: 
 

TEWI = (GWP × La × n) + (Ea × β × n) ….(1) 
 

Table 1. Problem statement and assumptions 

MT cooling load (Tevap = 0°C) 250 kW 

LT cooling load (Tevap= –20°C) 50 kW 

Condensation (Tcon) /gas cooler 
outlet temperature  

40°C 

Suction gas superheat (K) 10 K 

Liquid subcooling (K) 10 K 

Operation time (hours/day) 6 hours/day 

Refrigerants HFC 134a, HFC blend 

410A, HFO 1234yf, CO2 
GWP values for refrigerant 

Leakage (kg eq CO2/kg) 

1300 (HFC 134a), 2088 

(HFC blend 410A), 4 
(HFO 1234yf), 1 (CO2) 

[14–18] 
Percentage of leakage from 

initially charged amount per year 

10% for HFC 134a and 

HFO 1234yf, 12% for 
HFC blend 410A, 15% 

for CO2 
GWP for electricity production 

in Japan (kg eq CO2/kWhr) 

0.571 [19,20] 

Initial refrigerant charging 

amount (kg) 

2 kg for per kW cooling 

load [21]  
Refrigerant price ($/kg) HFC 134a ›› 15; HFC 

blend 410A ›› 16;  
R1234yf ›› 150; CO2 ›› 2 

($/kg) [22,18] 
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RESULTS AND DISCUSSION 
 

The P-h diagram and refrigeration cycle of HFC 134a 

compressor operation modes are shown in Fig. 1. The 

diagrams have been produced based on the 

manufacturer’s data sheet and thermophysical properties 

of the refrigerants obtained from REFPROP v.9.1 [30]. 

A practical supermarket refrigeration system invariably 
has suction gas superheating as the vapour flows from 

cases to the compressor and also require adequate liquid 

subcooling to avoid flashing of refrigerant between the 

receiver in the plant room and the expansion valve. 

These collateral issues cause an increase of the 

electricity consumption which can be calculated from 

the manufacturers’ data sheets. This electricity 

production contributes to the global warming indirectly. 

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 1: P-h diagram of refrigeration cycles with suction 

gas superheating and liquid subcooling for HFC 134a 

for LT and MT; 4'-1 or d'-a: evaporation; 1-1' or a-a': 

suction superheating; and 1'-2" or a'-b": compression; 

2"-3 or b"-c: condensation; 3-3' or c-c': liquid 

subcooling; 3'-4' or c'-d': expansion 
 

Indirect emission and direct emission have been 

calculated and combined to get the total equivalent 

warming impact which is depicted in Fig. 2. Evidently, 

HFCs have highest direct emission due to high GWP 

values. On the other hand, direct emission of HFO 

1234yf and CO2 is negligible. However, indirect 

emission for CO2 system is highest because it operates 

in transcritical state and consumes more electricity than 

the other refrigerants. Apparently, HFC blend 410A 
compressors originates highest and HFO1234yf 

compressors have the lowest TEWI. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig. 2: TEWI for various refrigerants 

 

The economic loss due to the refrigerant leakage per 

annum is shown in Fig. 3. HFO 1234yf is a relatively 

new refrigerant and much costlier than the other 

refrigerants.  Thus economic loss to refill HFO 1234yf 

system is much higher than other refrigerants. HFC 

refrigerants leakage loss is moderate and comparable. 
On the other hand, CO2 is much cheaper and economic 

loss is also much lower. 

 
Fig. 3: Economic loss per year due to refrigerant 

leakage 
 

TEWI calculations were supplemented with apportion 

of power distribution at various sections of the 

compressor-motor ensemble. Power distribution on 

various section of the compressor is depicted in fig. 4.  

 
 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Power distribution of a 27.7 kW (LT) 

compressor with HFC 134a refrigerant. 
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Most commercial compressors are semi-hermetic direct 

drive types. Power consumption for various operating 

conditions can be obtained from manufacturers’ data 

sheets. Apportioning of losses is done on following 

basis:  
 

a) Losses in motor due to windage, friction and heating 

of windings 

b) Losses in compressor due to pressure drops across 

reed valves, non-isentropic compression (friction and 

heating) 
c) Losses arising out of suction gas superheating 
 

The general equation for calculating the power input can 

be written as: 
 

P  = ṁ × ∆h ………… (2) 
 

Where Δh can be calculated using inlet and outlet 

enthalpies of operating conditions such as superheat, 

without superheat, isentropic and non-isentropic 

compression. 
 
 

3. CONCLUSION 

TEWI assessments have been conducted for 
supermarket refrigeration system using HFC 134a, HFC 

blend 410A, HFO 1234yf and CO2 refrigerants for LT 

and MT cooling loads. HFO 1234yf compressors for 

MT and LT have the lowest TEWI because of low GWP 

value and high COP in the operating condiotions. HFC 

blend 410A compressors/chillers for both LT and MT 

have the highest TEWI. However, economic loss due to 

refrigerant leakage is maximum for HFO 1234yf system 

because the refrigerant is relatively new and expensive. 

On the otherhand, loss is minimum for CO2 system 

because of the abundance availability. Thus, CO2 
compressors with conceivably high COP can be an 

appropriate substitute of HFC compressors in the future. 

Another alternative could be HFO mixtures. Since HFO 

1234yf is flammable and expensive, binary mixture of 

HFO 1234yf with relatively low GWP and lower price 

refrigerant such as R32 can be a promising alternative 

of supermarket refrigeration systems. Since an 

enormous amount of energy (2-3 GWh annually) is 

utilized in a supermarket refrigeration system using 

refrigerants such as HFC 134a, HFC blend 410A, HFO 

1234yf, CO2 etc. with high TEWI, the contribution to 
the global warming by this industry is rather significant. 

Clean technology such as solar, wind, hydroelectricity 

or fuel cell is crucial to avoid this colossal indirect 

emission.  
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