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Abstract: A simplified dual-pressure ammonia-water absorption power cycle (DPAPC-a) using low grade energy resources is 
presented and analyzed. This cycle uses turbine exhaust heat to distill the basic solution for desorption. The structure of the cycle is 
simple which comprises evaporator, turbine, regenerator (desorber), absorber, pump and throttle valves for both diluted solution and 
vapor. And it is of high efficiency, because the working medium has large temperature difference in evaporation and small 
temperature difference in absorptive condensation, which can match the sensible exothermal heat resource and the cooling water 
simultaneously. Orthogonal calculation was made to investigate the influence of the working concentration, the basic concentration 
and the circulation multiple on the cycle performance, with 85−110 °C heat resource and 20−32 °C cooling water. An optimum 
scheme was given in the condition of 110 °C sensitive heat resource and 20 °C cooling water, with the working concentration of 0.6, 
basic concentration of 0.385, and circulation multiple of 5. The thermal efficiency and the power recovery efficiency are 8.06 % and 
6.66%, respectively. The power recovery efficiency of the DPAPC-a is 28.8% higher than that of the steam Rankine cycle (SRC) and 
12.7% higher than that of ORC (R134a) under the optimized situation. 
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1 Introduction 
 

With the shortage of energy resources and the 
increased awareness of sustainable development and 
green environment protection, the utilization of low 
grade energy resources is concerned by more and more 
people. The low grade energy resources which are huge 
in quantities and varieties, including industrial waste heat, 
geothermal and solar energy, are promising alternative 
energy resources to fossil fuels. However, the selection 
of suitable working medium as well as power cycle is 
what should be considered primarily. As a traditional 
power circulation medium, water, with very low pressure, 
doesn’t work well for recovery of low-temperature heat 
sources, because the turbine will be of long blades and 
big size, as the consequence, huge equipment cost and 
friction loss. Also, the vacuum condition at turbine 
exhaust tends to cause air leakage into the system, which 
makes the reduction of heat transfer coefficient in 
condenser, thus the system must be equipped with air 
evacuation device, making the system more complex. 
There are two main approaches for solving this issue. 
One is to use organic Rankine cycle (ORC) [1−4] with 
low-boiling-point organic medium and the other is to use 

absorptive power cycle with ammonia-water solution. 
The main shortcoming of ORC lies in the difficulty of 
choosing suitable working medium. The ammonia-water 
medium has superior features over organic media. Both 
water and ammonia are natural substances, plentiful and 
inexpensive, and the mixture has superior 
thermophysical properties of variable temperature in 
phase change to match heat transfer processes with both 
heat source and cooling water. 

Since KALINA proposed the first absorptive 
ammonia-water power cycle as the bottom cycle in 
combined power generation system [5], the ammonia- 
water power cycle has consistently drawn attention 
[6−14]. However, the current analysis for 
ammonia-water power cycle showed that it is still 
difficult for the practical application and few 
demonstration projects were built. Therefore, further 
efforts should be made to improve the cycle so that it 
could be driven by the low grade energy resources. The 
Kalina cycle and other triple-pressure cycles are suitable 
for high to medium temperature waste heat situation. For 
the low temperature waste heat, CHEN [14] proposed a 
dual-pressure ammonia-water absorption power cycle 
(DPAPC-a) [14], which is a simplified case of 
triple-pressure cycle at low-temperature heat source 
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domain, for the evaporation pressure could be merged 
with the desorption pressure. 

The proposal of this DPAPC-a system will 
contribute to the high use of low temperature waste heat 
and can be as a widely used extension of ammonia-water 
absorption cycle. 
 
2 DPAPC-a system 
 

The dual-pressure ammonia-water absorption power 
cycle mainly has two cycle loops. For the heat resource 
below 120 °C, the simplified loop of dual-pressure 
ammonia-water absorption power cycle (DPAPC-a), as 
shown in Fig. 1, is suitable, while for the heat resource of 
temperature from 120 °C to 150 °C, a somewhat 
complex loop (DPAPC-b) with an external preheater and 
a second recuperative heat exchanger are incorporated 
into the simplified cycle for desorption [15]. In this work, 
the thermodynamic analysis is focused on the simplified 
dual-pressure ammonia-water absorption power cycle 
(DPAPC-a). 
 

 
Fig. 1 Schematic diagram of simplified dual-pressure 

ammonia-water absorption power cycle (DPAPC-a) (E — 

Evaporator; T—Turbine; R—Regenerator; A—Absorber; P— 

Pump; V—Throttle valve; S—Separator; h1, h2−Inlet and outlet 

of heat resource; c1, c2−Inlet and outlet of cooling water) 

 
The medium in the evaporator and the turbine is 

called the working solution. With the working solution 
vapor (10) expanding in the turbine, it outputs work. And 
then, the exhaust vapor (11) releases part of thermal 
energy but remains the same concentration in a heat 
exchanger called regenerator as wet vapor (12) until it is 
absorbed by the dilute solution (15) in an absorber, 
forming basic solution (1) at the solution outlet of the 
absorber, with latent heat transmitted away by the 
cooling water. Then, the basic solution is pumped to high 
pressure (2) and is heated to a two-phase state (3) by the 
turbine exhaust vapor in the regenerator to realize 
desorption. The working solution (9) is formed by 
mixing the rich ammonia vapor (8) with some dilute 
liquid solution (7) from the separator and then goes into 

the evaporator for heating, while the rest (13) of the 
dilute solution (6) goes into the absorber through a 
throttle valve. 

There exists a mutual restrict relationship among the 
desorption pressure (high pressure), the absorption 
pressure (low pressure), as well as the working 
concentration and basic concentration, as shown in Fig. 2. 
The reduction of turbine back pressure will be beneficial 
to increasing the turbine output, but it is restricted by the 
heat transfer requirement of desorption. If the absorption 
pressure is decreased with other conditions remaining 
constant, then the basic solution at regenerator outlet will 
not achieve two-phase flow state for desorption, because 
the heat transfer difference is not sufficient between 
turbine exhaust vapor temperature (near the intersection 
point of the working concentration and the low pressure 
dew point line) and the desorption temperature (higher 
than the intersection point of the basic concentration and 
the high pressure bubble point line). Similarly, if other 
conditions remain unchanged and just the high pressure 
rises with raised heat source temperature, the basic 
solution at regenerator outlet will not achieve two-phase 
flow state for desorption with increased desorption 
temperature unless the low pressure is increased with 
increased basic concentration. Therefore, this kind of 
cycle loop is just applicable to the low waste heat source 
below 120 °C. However, by using external heat source to 
realize desorption heating, the DPAPC-b can be applied 
to somewhat higher temperature heat resource. 

 

 
Fig. 2 Phase equilibrium diagram of DPAPC-a 

 
There exist at least three independent concentration 

solutions: basic solution xb from the solution outlet of the 
absorber to the inlet of the separator, work solution xw 
from the inlet of the evaporator to the outlet of the work 
solution side of the regenerator, and dilute solution xa 
from the liquid outlet of the separator to the dilute 
solution inlet of the absorber. The ammonia-water 
absorption power cycle can adapt to the different 
temperature change requirements in evaporator and 
absorber, just through adjusting ammonia concentration, 
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and thereby reduces exergy loss of the cycle. 
 

3 Thermodynamic analysis and modeling 
 

For thermal design optimization with computer 
programming, it needs a calculation program for physical 
properties of ammonia-water mixture. This work adopts 
Schulz state equations to establish the property parameter 
model. These equations with high precision in low 
temperature range are widely used in thermal calculation 
of ammonia-water absorption refrigeration systems. The 
liquid enthalpy of pure ammonia is set at 200 kJ/kg when 
temperature is 0 °C. The calculation results under the 
application scope show that the maximum relative error 
for the liquid enthalpy of the mixture is 5.8%, while the 
maximum relative error for vapor enthalpy is 0.5%. Both 
of them comply with the engineering design accuracy. 

Table 1 lists pinch-point heat transfer temperature 
difference of equipment and temperature rise and 
efficiencies for the cycle parameter calculation. 
According to mass and energy conservation laws, 
ignoring all pressure drops and heat losses in heat 
exchangers and pipelines, the thermodynamic equations 
of state points of main components of the DPAPC-a 
system are listed in Table 2. 

 
Table 1 Basic parameters of cycle 

Item Value 

Cold end temperature difference of 
evaporator, Δtp9/K 

8 

Hot end temperature difference of 
evaporator, Δtp10/K 

5 

Cold end temperature difference of 
absorber, Δtp1/K 

5 

Hot end temperature difference in 
regenerator, Δtp11−3/K 

≥ 5 

Superheat at inlet of turbine, Δtsh/K 5 

Temperature rise of cooling water in 
absorber, Δtc/K 

8 

Adiabatic efficiency of turbine, ηT 0.72 

Pump efficiency, ηp 0.6 

 
Based on the laws of thermodynamics, the main 

indicators used to evaluate this power circulation system 
are listed in Table 3. 

The benchmark temperature t0 from Eq. (12) for 
waste heat recovery efficiency h may take the ambience 
environment temperature or the minimum temperature 
that waste heat could be utilized, and t0=50 °C is selected 
in this work. For waste heat power recovery system, the 
power recover efficiency 0 is the most important 
thermal performance index that measures the efficiency 
of the whole system, and it accords more with       
the essence of waste recycling system than the index of  

Table 2 Thermodynamic formula of state points of main 

components 

Component Calculation formula No.

Evaporator Ghcph(th1−th2)=G10(h10−h9) (1)

Inlet of turbine h10(or s10)=f(ph, xw, t10) (2)

Iso-entropy outlet of turbine h11s=f(pL, xw, s10) (3)

Actual outlet of turbine h11=h11s+(1−ηT)(h10−h11s) (4)

Regenerator (h11−h12)=f(h3−h2) (5)

Gccph(tc1−tc2)=G1(h16−h1) (6)
Absorber 

h16=[h12+(f−1)h15]/f (7)

Separator x6(or x8, h6, h8)=f(ph, t5) (8)

Throttle valve h14=h15 (9)

Pump h2=h1 (10)

 

Table 3 Main efficiency indexes of cycle 

Indicator Calculation formula No.

Thermal efficiency,  η=(WT−Wp)/Qh (11)

Waste heat 
recovery efficiency, h 0h1

2hh1

0

h
h tt

tt

Q

Q




  (12)

Power recovery 
efficiency, 0 

h
0

pT
0  




Q

WW
 (13)

 
thermal efficiency. Because the higher thermal efficiency 
is sometimes at the cost of higher heat resource exhaust 
temperature, it may not recover more power in parameter 
optimization process. 

 

4 Result and discussion 
 
4.1 Circulation multiple 

Circulation multiple f means the flow rate ratio of 
working media in absorber to that in evaporator. In the 
circumstances of given working concentration and basic 
concentration, f is only related to the desorption 
temperature t3. With other parameters unchanged, when f 
increases, desorption temperature of separation decreases, 
thus the waste heat recovery efficiency h increases. 
Figure 3(a) shows that the input heat raises fast first and 
then levels off with the change of circulation multiple f, 
while the turbine power declines linearly. Figure 3(b) 
shows that the thermal efficiency  declines with the 
increase of circulation multiple f; however, the 
comprehensive index of the power recovery efficiency 0 
increases fast first and then levels off with the increase of 
circulation multiple f. Considering generally the heat 
transfer performance and operation condition, the 
circulation multiple f is selected to be 5 in this work. 
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Fig. 3 Influence of circulation multiple f on thermal 

performance of cycle: (a) Absorbing heat q10−9 and turbine 

specific power wT; (b) Power recovery efficiency 0 and 

thermal efficiency  

 
4.2 Concentration 

As mentioned before, the whole power cycle mainly 
has three medium concentrations: work concentration, 
basic concentration and dilute concentration, of which 
only two are independent with fixed circulation multiple 
f. Figure 4 shows the trend of the efficiency 
performances of the cycle with the changes of both basic 
medium concentration xb and work concentration xw with 
other parameters fixed and the circulation multiple f of 5. 

From Figs. 4(a) and 4(b), it can be seen that with 
fixed working concentration xw, the thermal efficiency  
and power recovery efficiency 0 increase linearly with 
the increase of basic concentration xb until they reach 
summit and then descend sharply, and that the curves of 
both thermal efficiency  and power recovery efficiency 
0 with large working concentration xw have higher 
values under the calculation scope. This indicates that 
there exist optimal working concentration and basic 
concentration which make the system achieve the 
optimal state. By considering comprehensively the 
thermal performance and operation condition, the  
system working concentration xw is chosen as 0.6 and 
basic concentration xb is chosen as 0.384−0.385. 
Moreover, in order to keep the normal operation of the  

 

 
Fig. 4 Influence of concentrations on efficiencies of cycle:   

(a) Thermal efficiency ; (b) Power recovery efficiency 0 

 
system equipment, the pressures of the desorption (high) 
and absorption (low) should also change accordingly, 
otherwise large humidity at turbine exhaust will cause 
turbine blades liable to water erosion. In this way, a 
constraint of turbine outlet vapor humidity less than 5% 
has been set in the thermal calculation program. 
 
4.3 Heat source temperature and cooling water 

temperature 
By selecting the circulation multiple f=5, the 

working concentration xw=0.6, under the heat source 
temperature from 85 °C to 110 °C, and the cooling water 
temperature from 20 °C to 32 °C, the thermal calculation 
is performed according to equations in Table 2. Some 
comparative results are shown as line-curves in Figs. 5(a) 
and 5(b) and more intuitively surface graphics in Figs. 
6(a) and 6(b). Figures 5 and 6 show the influence of both 
heat source and cooling water temperature on the thermal 
properties of the DPAPC-a. 

Obviously, as heat source temperature increases 
and/or cooling water temperature decreases, both the 
thermal efficiency and power recovery efficiency 
increase accordingly. The turbine inlet temperature is 
directly influenced by the waste heat source temperature, 
and from Fig. 2 it can be seen that the high pressure   
of the cycle pH will cause the change of the heat source  
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Fig. 5 Influence of temperatures of heat source and cooling water on efficiencies of cycle in line-curves: (a) Thermal efficiency ;  

(b) Power recovery efficiency 0 
 

 
Fig. 6 Influence of temperatures of heat source and cooling water on efficiencies of cycle in surface graph: (a) Thermal efficiency ; 

(b) Power recovery efficiency 0 
 
temperature at fixed working concentration, and then the 
low pressure of the cycle pL or the basic concentration xb 
needs to be adjusted to fit heat transfer requirement. Thus, 
the calculation for each scheme also includes the 
optimization of basic concentration xb. From Figs. 5 and 
6, it is also revealed that when the waste heat source 
temperature is lower than 90 °C and at same time the 
cooling water temperature is higher than 28 °C, there 
exists no effective point, which means that the thermal 
cycle could not operate in such condition. 
 
4.4 Optimal conditions 

Under the heat source temperature of 110 °C, and 
the cooling water temperature of 20 °C, synthesizing all 
the parameter optimization analyses above, the optimized 
parameters of the DPAPC-a are obtained, as listed in 
Table 4. 
 
4.5 Comparison of DPAPC-a with SRC and ORC 

In order to have a clearer understanding with the 
economic features of DPAPC-a cycle, select the same 
temperatures of heat resource and cooling water to 
compare DPAPC-a with steam Rankine cycle (SRC) and 
organic Rankine cycle (ORC, medium R134a), with 
results shown in Table 5 and Fig. 6. From Table 5, the 

Table 4 Optimal thermodynamic properties of state-points of 
cycle 

State
point

Pressure/
MPa 

Temperature/ 
°C 

Concentration 
Enthalpy/
(kJ·kg−1)

1 0.167 4 25 0.385 −139.17

2 0.287 5 25 0.385 −139.17

3 0.287 5 50.44 0.385 111.84 

6 0.287 5 50.44 0.331 3 −7.678 

9 0.287 5 50.44 0.6 589.92 

10 0.287 5 105 0.6 1 977.98

11 0.167 4 88.28 0.6 1 866.07

12 0.167 4 39.81 0.6 611.03 

13 0.287 5 50.44 0.331 3 −7.678 

15 0.167 4 50.44 0.331 3 −7.678 

16 0.167 4 38.94 0.385 116.06 

 
power recovery efficiency of DPAPC-a appears much 
higher than that of the other two cycles, with increments 
of 28.8% and 12.7% compared with SRC and ORC, 
respectively. Figure 6 shows the heat transfer of the 
working mediums in three cycles with both heat resource 
and cooling water, and reveals that the higher power 
recovery efficiency of DPAPC-a over that of the SRC 
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Table 5 Comparison of performance parameters of three kinds 
of cycles 

Item DPAPC-a SRC ORC

Inlet pressure of turbine, PH/MPa 0.287 5 0.101 3 2.92

Inlet temperature of turbine, t10/°C 105 105 105

Condensing (absorption) 
pressure, PL/MPa 

0.167 4 0.003 17 0.771

Condensation (absorption) 
temperature, t1/°C 

36/25 30 30

Inlet temperature of 
cooling water, tc1/°C 

20 20 20

Temperature rise of 
cooling water Δtc/°C 

8 5 5 

Enthalpy difference of turbine, 
ΔhT/(kJ·kg−1) 

111.91 359.06 23.06

Inlet temperature of 
heat resource, th1/°C 

110 110 110

Outlet temperature of 
heat resource, th2/°C 

60.4 90 75

Thermal efficiency, η/% 8.06 15.5 10.13

Waste heat recovery 
efficiency, ηh/% 

82.61 33.33 58.33

Power recovery efficiency, η0/% 6.66 5.17 5.91

 

 
Fig. 7 Heat transfer curves of three cycles 
 
and the ORC lies in its higher waste heat recovery 
efficiency with minimized heat transfer exergy loss in 
evaporation. 
 
5 Conclusions 
 

1) The simplified dual-pressure ammonia-water 
absorption power cycle (DPAPC-a) is suitable for power 
recovery from 85 °C to 110 °C of low grade sensitive 
heat resource. It is simple, but has higher efficiency and 
other feasible characteristics over the conventional SRC 
and ORC, because the ammonia-water mixture in the 
cycle has suitable temperature difference which matches 
the heat resource and cooling water, respectively. 

2) For waste heat recovery system, the power 
recovery efficiency is a more reasonable index to 
evaluate the cycle efficiency feature, which is a 
comprehensive index of multiplying thermal efficiency 

by waste heat recovery efficiency. In fact, it is high waste 
heat recovery efficiency that leads to high power 
recovery efficiency of the DPAPC-a. 

3) There exists a mutual restrict relationship among 
desorption pressure, absorption pressure, working 
concentration and basic concentration in the DPAPC-a. 

4) As the circulation multiple increases, the power 
recovery efficiency of the cycle improves due to higher 
waste heat recovery efficiency, in spite of the decreased 
thermal efficiency. 

5) The working concentration and the basic 
concentration of the ammonia-water medium of the cycle 
shall be matched to improve the performance. 
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