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Rezumat. Prezenta lucrare con ine atât un studiu teoretic, cât i unul experimental, referitor la pompele de c ldur  destinate 
cl dirilor reziden iale. Scopul lucr rii este acela de a determina varianta optim  de pomp  de c ldur , atât din punctul de vedere 
al eficien ei ei energetice, cât i din punctul de vedere al impactului ecologic pe care îl are agentul frigorific utilizat. Studiile au 
fost efectuate asupra unei pompe de c ldur  cu izvor de c ldur  reprezentat de apa freatic , care utilizeaz  R 404A ca agent 
frigorific i care are puterea termic  de 25kW. Pompa prepar  ap  cald  utilizat  atât pentru înc lzire, cât i pentru consum 
menajer. Ea a func ionat pe parcursul întregului sezon rece 2005-2006 i datele experimentale înregistrate în aceast  perioade au 
stat la baza proiect rii ulterioare a unei pompe de c ldur  de capacitate mai mare, destinat  consumatorilor dintr-un bloc de 
locuin e. Întrucât valorile coeficientului TEWI (Efect global de înc lzire a mediului înconjur tor) corespunz toare R404A sunt 
ridicate, s-a efectuat un studiu teoretic de func ionare a unei pompe de c ldur  cu compresie mecanic  de vapori într-o treapt , de 
aceea i capacitate, func ionând îns  cu amoniac. Valorile inacceptabil de mari ale temperaturii de refulare a vaporilor au 
determinat înlouirea instala iei frigorifice cu una de tip compresie mecanic  de vapori în dou  trepte. 

Concluzia studiului este aceea c  pompa de c ldur  cu amoniac, fie într-o treapt , fie în dou  trepte de comprimare, este 
caracterizat  de valori superioare ale Coeficientului de Performanta (COP), în raport cu pompa de c ldur  care func ioneaz  cu 
R404A, si anume: COP-ul este mai mare cu 23.4% la func ionarea într-o treapt  i cu 44.7%, la func ionarea în dou  trepte. 

Cuvinte cheie: eficien a energetic , agen i ecologici, înc lzire centralizat , pompa de c ldur  – instala ie 
frigorific . 

Abstract. This paper is a theoretical and experimental study on heat pumps designed to serve residential buildings. It aimed 
to determine the best heat pump option in terms of high energy efficiency and ecological impact. Both types of studies were 
carried out on a water driven R404A heat pump of 25kW that provided hot water for both the heating system and the domestic 
water system. It has been operated over the entire cold season of 2005 to 2006 and based on these experimental values further 
design work was developed for a heat pump of higher heating capacity demand, corresponding to an apartment building 
consumer. 

High values of Total Environment Warming Effect (TEWI) for R 404A as compared to ammonia triggered another 
theoretical study developed for an ammonia compression type heat pump, of the same total heating capacity of 25kW. Since 
under the operating conditions the vapour discharge temperatures showed unacceptable large values the theoretical study was 
extended to a two-stage compression system. 

The study concluded that compared in terms of energy efficiency, the ammonia heat pumps, in either single or two stages 
of vapour compression  are characterised by higher COPs (coefficient of performance) than the R 404A single stage vapour 
compression heat pump by 23.4% and 44.7%, respectively. 

Keywords: energy efficiency, ecological refrigerants, district heating system, Heat Pump – Refrigeration System. 
 
 
1. INTRODUCTION 

At present, in Romania, district heating has 
already lost an important market share, due to its 
operation problems. These are generated – on one 
hand – by the oldness of the heating network, 
currently featured by damaged insulation, heat 
losses, fluid leakage and – on the other hand – by 
difficulties encountered in proper adjusting the 
heating source power to the consumer heating 
current demand. Additionally, the free energy 
market had its own contribution in bringing into 
operation a large number of apartment heating 
stations. In order to accommodate both the 

European and the Romanian policy regarding 
building energy consumption (European Directive 
2002/91/CEE and Law 372/2005), alternative 
energy supply systems have been considered as a 
viable solution, since they show an increased 
efficiency and lower pollution effects as compared 
to the classical existing systems. Actions already 
taken for the rehabilitation of the entire district 
heating system in Bucharest are accompanied by 
alternative solutions for centralized heating 
distribution that are currently under consideration 
(small and medium power cogeneration systems, 
local heating stations operated by heat pumps). 
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Considering this context, the paper presents a 
centralized heating station driven by a heat pump 
designed to serve a 24 apartment building. The 
total heating power of the system is of 118.5 kW. 
The design input data are based on experimental 
values provided by a smaller heating capacity 
station of 22.5kW, being operated in Bucharest for 
the last 2 years. This system serves a single 
residence inhabited by 3 persons. 

2. RESIDENTIAL R 404A HEAT PUMP  
A theoretical study has been conducted over a 

phreatic water driven heat pump, with the 
following operational features: heating capacity: 

INCQ = 25 kW; inlet/outlet water temperature of the 
heating circuit: AI1/ AI2 = 40/55oC; inlet/outlet 
water temperature of the domestic water circuit: 

AC1/ AC2 = 10/50oC;  inlet/outlet water-ethylene-
glycol solution (12,2 wt %) temperature of the 
cooling circuit: AG1/ AG2 = 5/10oC; inlet/outlet 
phreatic water temperature: AF1/ AF2 = 12/7oC; 
evaporation/condensation temperature of the 
refrigeration system: c/0 =2/55ºC; refrigerant 
subcooling: 10 ºC ( SR 45 ºC ). 
The schematic layout of the single stage 
compression heat pump, working with R404A is 
presented in Figure1. 

 
Fig. 1. Schematic layout of the single stage compression heat 

pump, working with R404A. 
 
Legend: P1/P2 - suction/discharge well, PAF- phreatic water 
pump , SCP- plate heat exchanger; PAG- - ethylene glycol-
water solution pump; PC- heat pump; V- evaporator; K - 
compressor, DS – desuperheater; C- condenser;VL – 
expansion valve; B - boiler, VC – fan coil; PAC – domestic 
water pump. 

 
The thermodynamic cycle of this heat pump is 

shown in Figure 2. 

The thermodynamic parameters of this cycle 
(state points 1-1’-2-2’-3-3’-4) are presented in 
Table 1. 
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Fig 2. The thermodynamic cycle of the R404A one stage 
compression heat pump. 
 

Table 1. Thermodynamic parameters of the theoretical 
heat pump cycle 

State 
point 

, 
(oC) 

p, 
(bar) 

h, 
(kJ/kg) 

v
(m3/kg) 

1 2.5 6.54 219,5 0.03 
1’ 9.5 6.54 226,4 0.031 
1’’ 22.5 6.54 239 0.034 
22 82.5 25.72 274,7 0.0086 
2’ 55 25.72 234,1 0.03 
3 54.73 25.72 138,9 0.001 
3’ 47.6 25.72 126,3 0.001 
4 2.23 6.54 126,3 0.013 
5 2 6.54 56,32 0.0009 

 
 Based on the data in Table 1, the following 
characteristic values have been calculated: Heat 
rejected in desuperheater and condenser:  
 

qINC = qDS + qC + qSR = h2 – h3 = 135.8 kJ/kg 
 
 Refrigerant mass flow rate:  

 
INC
INC

q
Q

m = 25/135.8 = 0.184 kg/s; 

Evaporator cooling capacity:  

4100 hhmqmQ ' = 18.43 kW; 

Compressor power consumption: 
"K hhmP

12 = 6.57kW 

Volumic flow rate of R404A vapor in the 
suction line:  

"v vmV
11 = 0.00625 m3/s 

Phreatic water mass flow rate: 

21 AFAFAF,p

AF
AF c

Qm 0.88 kg/s 

Water-ethylene-glycol solution mass flow rate: 
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12
0

AGAGAG,p
AG c

Q
m 0.926 kg/s 

Hot water mass flow rate: 

12 AIAIAI,p
INC

AI c
Q

m  0.398 kg/s 

Heat pump coefficient of performance:  

COP = 
K

CDS
K

INC
P

QQ
P

Q  = 
576

25
.

 3.8. 

 
3. RESIDENTIAL AMMONIA HEAT PUMP 
 

Taking into account the global warming effect 
of R404A, in a context of sustained effort in order 
to reduce the unfavorable refrigerant impact on the 
environment, a theoretical analysis of an ammonia 
heat pump has been developed. 

 
3.1. One stage ammonia compression heat 
pump 

The theoretical refrigeration cycle of this single 
stage ammonia compression system, in pressure-
enthalpy diagram is presented in Figure 3. 

Klgp(bar)

h(kJ/kg)

C

0

2

pc

p0 1

Fig. 3. Theoretical refrigeration cycle of the single stage 
ammonia compression system 

 
Figure 4 shows the schematic diagram of the 

single stage ammonia compression heat pump.  
The thermodynamic parameters of this cycle 

(state points 1-2-2’-3-3’-4) are presented in Table 2. 
Based on the data in Table 2, the following 
characteristic values have been calculated: Heat 
rejected in desuperheater, condenser and liquid 
subcooler:  

qINC = qDS + qC + qSR = h2 – h3’= 1748 – 415.5 = 
1332.5 kJ/kg 

Refrigerant mass flow rate: 

INC
INC

NH q
Qm 3 = 0.01876 kg/s 

 

 
Fig. 4. Schematic diagram of the single stage ammonia 
compression heat pump  
 

Legend: P1/P2 - suction/discharge well, PAF- phreatic water 
pump, SCP- plate heat exchanger; PAG- - ethylene glycol-
water solution pump; PC- heat pump; V- evaporator; K - 
compressor, DS - desuperheater; C- condenser, SR - liquid 
subcooler; VL – expansion valve; B - boiler, VC – fan coil; 
PAC – domestic water pump. 

 
Table 2. Thermodynamic parameters of the theoretical 

heat pump cycle 
State 
point 

, 
(oC) 

p, 
(bar) 

h, 
(kJ/kg) 

v
(m3/kg) 

1 2 4.63 1464 0.2695 
2 139.1 23.1 1748 0.0807 
2’ 55 23.1 1491 0.0556 
3 55 23.1 466.1 0.0018 
3’ 45 23.1 415.5 0.0018 
4 2 4.63 415.5 0.0456 
5 2 4.63 209.3 0.0015 

 
Evaporator cooling capacity:  

413030 hhmqmQ 'NHNH = 19.67 kW 

Compressor power consumption : 
"12 hhmPK =5.33 kW 

Volumic flow rate of R404A vapor in the suction 
line: "

1 1vmVv = 0.005 m3/s 
Phreatic water mass flow rate: 

21 AFAFAF,p
AF

AF c
Qm  0.9396 kg/s 

 Water-ethylene-glycol mass flow rate:  

12
0

AGAGAG,p
AG c

Qm 0.9885 kg/s 
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Hot water mass flow rate:  

12 AIAIAI,p
INC

AI c
Q

m  0.398 kg/s 

Heat pump coefficient of performance: 

COP = 
K

CDS
K

INC
P

QQ
P

Q  = 
335

25
.

 4.69 

The above mentioned data indicate the 
ammonia heat pump as a better option, both from 
the energetic and ecologic point of view, since its 
COP is greater and its TEWI is lower as compared 
to the R404A heat pump (for ammonia 
TEWI=239070 and for R404A TEWI=307496). 
Still, the discharge temperature of the ammonia 
vapor is high (139.1ºC), so that special high 
temperature proof lubricants are needed. In order 
to overcome this disadvantage, a two-stage 
ammonia compression heat pump has been taken 
into consideration.  
 
3.2. Ammonia two-stage compression heat 
pump 
 The schematic diagram of the theoretical 
ammonia heat pump is presented in Figure 5. 

 
Fig. 5. Schematic diagram of the theoretical ammonia two-

stage heat pump 
Legend: P1/P2 - suction/discharge well, PAF- phreatic water 

pump , SCP- plate heat exchanger; PAG- - ethylene glycol-
water solution pump; PC- heat pump; V- evaporator; K1, K2 – 
compressors; BRI – intermediary cooling tank ; DS – 
desuperheater; C- condenser, SR - liquid subcooler; VL1, VL2 
– expansion valves; B - boiler, VC – fan coil; PAC – domestic 
water pump. 

 
The theoretical refrigeration cycle of this two- 
stage ammonia compression system, in pressure-
enthalpy diagram, is presented in Figure 6.  
Second stage refrigerant mass flow rate:  

INC
INC

NH q
Qm

32 = 
3.1185

25 0.021 kg/s 
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Fig. 6. Theoretical refrigeration cycle of two- stage ammonia 
compression system. 

 
Based on the data in Table 4, the following 

characteristic values have been calculated: Heat 
rejected in desuperheater, condenser and liquid 
subcooler:  

qDS + qC + qSR = h3 – h4’’= 1595.8 – 410.5 = 
= 1185.3 kJ/kg 

 
Table 4. Thermodynamic parameters of the theoretical 

two- stage ammonia compression refrigeration cycle 
State 
point 

, 
(oC) 

p, 
(bar) 

h, 
(kJ/kg) 

v
(m3/kg) 

1 2 4.63 1462.8 0.269 
2 57.3 10.34 1572.6 0.144 
2’ 26 10.34 1482.8 0.125 
3 85.5 23.1 1595.8 0.066 
3’ 55 23.1 1492 0.056 
4 55 23.1 459.5 0.0018 
4’ 45 23.1 410.5 0.0018 
4’’ 36 23.1 367.2 0.0018 
5 26 10.34 410.5 0.025 
6 26 10.34 320.1 0.0017 
7 2 4.63 367.2 0.03 

 
First stage refrigerant mass flow rate: 

"'NHNH hh/hhmm
42523231 = 

0.0187 kg/s 
Evaporator cooling capacity:  

4130310 hhmqmQ 'NHNH = 20.5 kW 

Compressors power consumption:  
12311 hhmP NHK = 2.05 kW 

'NHK hhmP
23322 = 2.45 kW 

Volumic flow rate of ammonia vapor in the suction 
lines:  

1311 vmV NHv = 0.005 m3/s 

'NHv vmV
2322 = 0.0026 m3/s 
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Phreatic water mass flow rate: 

21 AFAFAF,p
AF

AF c
Qm  0.979 kg/s 

Water-ethylene-glycol mass flow rate: 

12
0

AGAGAG,p
AG c

Qm 1.03 kg/s 

Hot water mass flow rate: 

12 AIAIAI,p
INC

AI c
Q

m  0.398 kg/s 

Heat pump coefficient of performance: 

COP = 
452052

25

21 ..PP
Q

KK
INC  = 5.55 

 
4. EXPERIMENTAL STUDY ON SINGLE 
STAGE COMPRESSION R404A HEAT 
PUMP   
 

The experimental study has been carried out for 
a residential heat pump. The heating capacity 
demand, assuming an average exterior air 
temperature of -15oC rises to 19.5kW and the 
heating supply demand for domestic water rises to 
3 kW, making in all 22.5 kW. Taking into account 
the low frequency of exterior air temperature 
below -15oC (up to 10 days/year), the total heating 
capacity of the heat pump has been evaluated at 
17.7 kW, representing the heat rejection rate of the 
desuperheater and condenser. This heating capacity 
was supplemented by 3 electric resistances, of 
3kW each, meant to cover the maximum heating 
demand, under the most unfavorable conditions. 
The heat pump Thermia EKO 180 uses phreatic 
water at a cooling capacity of 10.7kW and a power 
consumption of 7 kW.  

It operates under the following conditions: 
inlet/outlet water temperature of the heating circuit: 

AI1/ AI2 = 40/50oC; inlet/outlet water temperature 
of the domestic water circuit: AC1/ AC2 = 10/45oC; 
inlet/outlet water-ethylene-glycol solution (12.2%) 
temperature of the cooling circuit: AG1/ AG2 = 
5/8oC; inlet/outlet phreatic water temperature: 

AF1/ AF2 = 10/7oC; desuperheater and condenser 
heat rejection rate: INCQ = 21.0 kW; 
Compressor power consumption: KP =7kW ; 
Water-ethylene-glycol mass flow rate: 

AGm =1.19kg/s; 
Hot water mass flow rate: AIm  = 0.5 kg/s. 

Over the heating season of 2005/2006, this heat 
pump provided measured data, such as flow rates 
and temperatures of the working fluids, based on 
which the heating capacity was calculated. Table 5 
exhibits experimental values for 5 different 

operating conditions. The values have been 
recorded every hour, all day long, thus obtaining 
the averaged values listed in Table 5. 
 
Table 5. Average values of the measured parameters  
 

Month  Nov. 
18th 

Dec. 
20th 

Jan. 
17th 

Febr. 
20th 

Mar. 
15th 

Daily 
exterior 
average 

temp.[°C] 

 -1.5 -1.8 -5 -2.1 3.1 

Hot water 
for the 
heating 
system 

AC1, 
[°C] 40.2 40.2 39.8 40.2 40.2 

AC2, 
[°C] 49.9 50.2 50.4 50.2 51 

AIm , 
[kg/s] 

0.4 0.39 0.39 0,39 0.34 

Water-
ethylen -

glycol 

 
 

[kW] 
16.1 16.24 17.36 16.34 14.36 

AG1, 
[°C] 4.9 4.8 4.8 5 5 

AG2, 
[°C] 8 8.2 8.2 8.3 7.9 

AGm , 
[kg/s] 

0.8 0.74 0.79 0.76 0.74 

 
 

[kW] 
9.9 9.99 10.66 10.04 8.56 

Compres. 
power 

Pk, 
[kW] 6.2 6.25 6.7 6.3 5.8 

  
5. CENTRALIZED HEAT SUPPLY SYSTEM 
WITH HEAT PUMP 
 

 This paper refers to a local heating system 
currently undergoing a modernization process, by 
being equipped with 3 heat pumps THERMIA 
ROBUST 38U (fig. 7). Their heat source is 
represented by phreatic water and their output is 
hot water, for both heating system and domestic 
water system. The consumer is a 24 apartment 
building. All three heat pumps need a set-up space 
of 6x6m2 that includes the plate heat exchangers, 
the phreatic water circuit and three tanks for 
domestic water preparation and accumulation. The 
heat pump simultaneously supplies both the 
heating system and the hot water domestic system. 
It starts in a modular way that depends on the 
heating demand, or on the domestic water demand. 

The heating system consists of fan coils, able to 
operate at the hot water parameters provided by the 
heat pump. The building under study is a 5 storey 
construction, thermally rehabilitated. Consequently, 
the annual heating demand decreased from 
232.57kWh/(m2 year la 148.37 kWh/(m2year), 

0Q

INCQ
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which corresponds to a heated volume of 
4928.25m3. 

 

 
 

Fig. 7.  View of the water-water heat pump. 
 

The heating demand at its peak, in the month of 
January goes up to 82.5kW. The hot domestic 
water demand for the 145 persons living in this 
building is of about 36kW. The result is a total heat 
demand of 118.5kW. It is completely covered by 3 
heat pumps THERMIA ROBUST, with R404A 
that operate simultaneously. Each heat pump is 
connected to a plate heat exchanger.  
The heat pumps have the following technical 
features: Heat rejection rate in desuperheater and 
condenser: INCQ = 38.2 kW; electric power: 3x2kW; 
Hot water mass flow rate: 0.9 kg/s; inlet/outlet 
water temperature of the heating circuit, AI1/ AI2 = 
40/50oC; Compressor power consumption: 14kW ;  
Evaporator cooling capacity: 24.2kW; Water-
ethylene-glycol mass flow rate:1,24 kg/s; 
inlet/outlet water-ethylene-glycol solution 
(12,2wt%) temperature of the cooling circuit: 

AG1/ AG2 = 5/10oC; phreatic water temperature, 
AF1/ AF2 = 12/7oC; phreatic water mass flow rate: 

1.16 kg/s . 
There are several ways to adjust the heat pump 

operation that is to adjust the heating capacity 
supply. One of them may consist of alternatively 
stopping and putting into operation the compressor 
and the electrical resistances, depending on both 
the exterior and interior air temperatures. The 
system is equipped with two temperature sensors, 
connected to the heat pump control panel. 
Secondly, the hot water pump operation is dictated 
by the hot water temperature inside the fan coils. 
The schematic diagram of the heat pump is 
identical to that previously presented in Figure 1. 
There is just one phreatic water circuit that 
simultaneously supplies all three plate heat 
exchangers, in between the suction well, P1, inside 
which the phreatic water pump is installed and the 

discharge well P2. There is a single heating circuit 
that uses the hot water prepared by all three heat 
pumps, to supply the fan-coils. The heat pumps are 
designed to only partially cover the minimum 
heating demand (3x38.2 kW= 114.6 kW). In order 
to meet the peak load (up to 118.5 kW), the electric 
resistances have to be used. They may be actioned 
one after another, depending on the minimum 
heating demand and the exterior temperature. The 
domestic hot water is prepared using a part of the 
heating circuit (40/50oC), resulting from the 3 heat 
pumps. Every heat pump has a mass of 453 kg and 
overall dimensions of 0.89 x 0.765 x 1.15m. 

 
6. DISCUSSIONS 

This paper analyzed 3 different options of heat 
pumps of compression type, working with 
ecological fluids: R404A, for one of them and 
ammonia for the other two. The R404A heat pump 
was designed to supply hot water for both heating 
and domestic water demands of a Bucharest 
residence. The other two ammonia heat pumps, 
working either in one or two compression stage, 
represent options for an optimized operation. As 
compared to the R404A heat pump, both ammonia 
heat pumps show higher COPs, that is COP1= 4.69, 
COP2= 5.5, vs. 3.8. Based on the experimental data, 
provided by the R404A heat pump, operated over 
the cold season of 2005/2006, further design work 
has been developed, in order to accommodate 
similar problems. The final part of this paper 
presents a study concerning centralized heating 
supply, for a 24 apartment building. A thermal 
module of 3 R404A heat pumps has been chosen 
with a total heating capacity of 114.2 kW. 
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