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Abstract. The physical model and mathematical model of solar refrigeration and desalination co-
generation system were established. The performance and economy of the system were analyzed by 
changing the three variables of  refrigeration capacity, seawater desalination effects number and three 
different cities. The results show that increasing refrigeration capacity is conducive to improving freshwater 
production and increasing freshwater efficiency, but more auxiliary heat consumption is needed,the 
comprehensive effect is to shorten the recovery period. Increasing desalination efficiency is conducive to 
increasing freshwater production and freshwater efficiency, and the auxiliary heat consumption remains 
unchanged. The comprehensive effect is to shorten the recovery period. Solar energy is the main energy 
needed in the co-generation system of the three cities, and Shenzhen has the largest proportion of energy 
supply, which reaches 67.8%. Compared with the solar refrigeration system, the recovery period of the co-
generation system can bu shortened by 18.1%.  

1 Introduction 
With the rapid development of society and economy, 
freshwater resources are not only an economic problem, 
but also a social problem related to human survival and 
development. Nearly 400 of the more than 600 cities in 
China are short of water, especially in the developed 
coastal areas. Most coastal cities have less than 500 
cubic meters of fresh water per person, which is lower 
than the international bottom line of 1000 cubic meters 
per person, while Dalian, Qingdao and other cities have 
less than 200 cubic meters per person of fresh water 
resources, which is in a serious water shortage 
situation[1].The development of seawater desalination 
technology will become an effective strategic way to 
solve the shortage of freshwater in China.  

Solar absorption refrigeration technology uses solar 
energy collected by solar collector to drive absorption 
refrigeration system, which is the most widely used solar 
refrigeration model so far. Its main advantages are good 
seasonal adaptability, no harm to the environment, less 
moving parts of refrigeration units and low noise, so as 
to better improve the utilization rate and economy of 
solar energy system. As the refrigeration system 
inevitably has a large number of condensation heat 
directly discharged into the surrounding environment, 
resulting in energy waste. Solar refrigeration seawater 
desalination co-generation system is a new technology, 
which can desalinate seawater by recovering 
condensation heat and obtain certain fresh water benefits. 
There are few reports on the research of this technology 
[2-5], mainly focusing on the technical feasibility and 
energy saving research, and the above-mentioned 

scholars' research  has not made in-depth analysis of the 
interaction of the system parameters. In this paper, the 
physical model and economic model of the combined 
system of solar absorption refrigeration and desalination 
with vacuum tube collector are established, and the 
characteristics of the new system are simulated and 
analyzed, which provides a reference for the operation of 
practical projects. 

2. System design 
The working principle of the solar refrigeration and 
desalination co-generation system (see Fig.1) is as 
follows: the solar radiation heat is collected by the 
vacuum tube collector for heating the circulating water, 
the circulating water reaches the generator through the 
water storage tank, and is pumped back to the water 
storage tank after the heat is released by the generator. 
After the absorbent dilute solution in the generator 
absorbs the heat of the circulating water, the refrigerant 
vapor generated in the generator is introduced into the 
first-effect evaporator of seawater desalination unit to 
heat exchanges with the feed seawater, and the feed 
seawater is evaporated into fresh water by multi-effect 
evaporation in the seawater desalination unit to realize 
the function of seawater desalination. After condensation 
and exothermic of heated steam in seawater desalination 
unit, the heated steam becomes condensate water and 
flows to evaporator through throttle valve. A 
refrigeration water pipeline is set in the evaporator to 
provide refrigeration water for cold recovery and realize 
refrigeration function. 
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The seawater desalination system is a low 
temperature multi-effect evaporation system. It contains 
evaporators, flash chambers, and an condenser, as shown 
in Fig.2. The intake seawater is introduced into the 
condenser, where it absorbs the latent heat of the 
condensing vapour from the last effect. Part of the heated 
intake seawater is rejected back to the sea, known as the 
cooling seawater. The feed seawater is imported into the 
first effect evaporator. The brine is heated to its boiling 

temperature before a small portion of it is evaporated. 
The vapour produced in each effect is condensed in the 
next effect. The remaining part of brine is introduced 
into the next effect by the pressure difference between 
the successive effects, which can save a substantial 
pumping power. The processes of evaporation and 
condensation are repeated in successive effects. 

 

 
 

1—vacuum tube collector  2—water storage tank  3—auxiliary natural gas water heater  4—solution heat exchanger  5—generator  
6— absorber  7—solution pump   8—evaporator  9—throttle valve  10—seawater desalination device P—water pump  V—valve 

Fig. 1. Schematic of solar refrigeration and desalination system 

 
 

 
Fig. 2.  Schematic of  low temperature multi-effect evaporation desalination system 

 
 

Because of the intermittent solar radiation, the 
auxiliary natural gas water heater is installed to ensure 
the stable operation of the system, and the start-up 
temperature is also set. There are two operation modes of 
co-generation system: when the daytime sunshine is 
sufficient, if the hot water outlet temperature of the water 

tank is higher than the start-up temperature, turn off the 
auxiliary natural gas water heater; when the daytime 
sunshine is insufficient or at night, if the hot water outlet 
temperature of the water tank is lower than the start-up 
temperature, turn on the auxiliary natural gas water 
heater to raise the water temperature to the start-up 
temperature.  
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3.System computing model  
Because of the seasonality of solar radiation, the amount 
of solar radiation varies from month to day.The concept 
of "monthly average day" is introduced to simplify the 
calculation, that is, the amount of solar radiation 
calculated on a certain day is used as the daily average of 
that month[6]. The mathematical models of absorption 
refrigeration and seawater desalination co-generation 
system are presented in reference [7], the mathematical 
model is solved by programming in MATLAB language, 
the flow chart is shown in Fig.3. The author only 
introduces the economic mathematical model.  

3.1 Initial investment  

Initial investment mainly includes initial investment of 
solar absorption refrigeration system and seawater 
desalination unit. 

3.1.1 Solar absorption refrigeration system  

Initial investment of solar absorption refrigeration 
system  is obtained through comprehensive consideration 
of online inquiry and literature [8-9], as shown in Table 
1. 

 

 
Fig.3. Solution procedure of  solar refrigeration and 
desalination system 

Table 1.  Basic calculation parameters of initial investment in 
solar refrigeration system 

parameters Ucol Utank Ue

value 1800  ¥/m2 650 ¥/m3 800  ¥/kW 
 
       eecolcost1 tanktankcol

UQUVUAC ×+×+×=⋅                    (1)     
Where Acol  is the area of the vacuum tube collector, 

m2; Ucol  is the unit price of the vacuum tube collector, 
¥/m2; Vtank is  the volume of the hot water storage tank, 
m3; Utank is the unit price of the hot water storage tank, 
¥/m3; Qe is the refrigeration capacity, kW; and Ue is the 
unit price of the refrigeration unit, ¥/kW.  

3.1.2 Seawater desalination unit [10]  

]4400)620([)287.067.6(12.0 copdcost2 +−××+×=⋅ UAC  (2) 

Where Ad is the heat transfer area, m2, Ucop is the brass 
material market price,¥/t.  

3.2 Operation and maintenance costs in 
refrigeration season 

3.2.1 Operation cost 

The operating cost of the system mainly includes the 
cost of desalination water pump, solar circulating water 
pump and auxiliary natural gas [11] . 

)(h 21elecgasgasoper3 PPUVUC +××+×=⋅             (3) 
62

dd1 102.20965.036.4 −××−×+= MMP                   (4) 
1.1

col2 )045.0(02691.0 AP ××=                          (5) 

Where Uelec is the electricity price,¥/kWh; h is the 
running time, hour; Ugas is the natural gas price, ¥/m3; 
Vgas is the gas consumption, m3; Md is the fresh water 
output, t/d; P1 is the desalination water pump power 
consumption, kW; P2 is the solar circulating water pump 
power consumption, kW.  

3.2.2 Maintenance cost 

The system maintenance cost is calculated according to a 
certain proportion of the initial investment of the 
equipment [12] .  

( )cost2cost1maintain4 ⋅⋅⋅ +×= CCC ε                    (6) 

Where ε is the proportionality coefficient.  

3.3 Freshwater benefit in refrigeration season  

Coastal cities can use desalinated water to make up for 
the shortage of water resources. They can sell 
desalinated water at market price and obtain certain 
economic benefits[13].  

DMUC ××=⋅ dwaterbenefit5                              (7) 
Where Uwater is the freshwater unit price, ¥/t, D is the 

days for refrigeration season  
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 3.4 Recovery period  

( ) benefit5maintain4oper32

1cost2cost1

⋅⋅⋅

⋅⋅

++−
−+=

CCCC
CCCN year

                 (8) 

cost21 ⋅+×= CUQC ee                                             (9) 

1gas1elec2 h CVUPUC ×+×+××= ε                (10) 

Where V  is the natural gas consumption in conventional 
energy co-generation system, C1  is the initial investment 
in conventional energy co-generation system,C2 is the 
operation and maintenance cost of conventional energy 
co-generation system in refrigeration season. 

The solar refrigeration desalination co-generation 
system operates in summer under refrigeration 
conditions. The basic calculation parameters are shown 
in Table 2.  

Table 2.  Basic calculation parameters in solar refrigeration 
desalination co-generation system 

parameters h Uelec Ugas ε Uwater D 

value 2160 0.6 3 0.02 8 90

4. System performance and economic 
analysis  
The solar refrigeration desalination co-generation system 
operates under summer refrigeration conditions. The 
basic calculation parameters are as follows: the area of 
vacuum tube collector is 80m2, the starting temperature 
of the system is 96℃, the initial mass concentration of 
seawater is 3.13%; the temperature of feed seawater is 
20℃, the temperature of chilled water supply is 7℃, and 
the heat utilization rate of the equipment is 0.98. With 
other parameters unchanged, the performance and 
economy of the system were analyzed by changing 
refrigeration capacity, desalination  effect numbers and 
choosing three different cities.  

4.1 The influence of refrigerating capacity 

In Shenzhen, seawater desalination has 3 effects, with 
other parameters unchanged, Fig.4 analyzed the 
influence of refrigeration capacity from 10 kW to 25 kW 
on fresh water output, auxiliary heat consumption, 
freshwater benefit and system recovery period. 

With the increase of refrigeration capacity, the output 
of fresh water and auxiliary heat consumption increase, 
the benefit of fresh water increases, and the recovery 
period shortens. The main reasons are: increasing 
refrigeration capacity, the initial investment of 
refrigeration desalination unit will increase, the auxiliary 
heat consumption will increase, but the refrigerant vapor 
flow of refrigeration system will increase, which is 
conducive to water production, freshwater benefits 
increase, so the comprehensive effect is shortening the 
recovery period.  

4.2 The influence of desalination effect numbers 

In Shenzhen, with other parameters unchanged, Fig.5 
analyzed the desalination  effect numbers from 3 to 6 
effects on fresh water production, auxiliary heat 
consumption, initial investment and recovery period of 
the system with 25 kW refrigeration capacity unchanged. 
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(a) Auxiliary heat consumption  and fresh water yield 
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(b)  Initial investment and payback period 

Fig. 4   The influence of refrigeration capacity 
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(a)  Auxiliary heat consumption  and fresh water yield 
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(b)  Initial investment and payback period 

Fig. 5  The influence of desalination  effect numbers 

 
With the increase of desalination efficiency, the 

output of fresh water increases, the benefit of fresh water 
increases, the auxiliary heat consumption remains 
unchanged, and the recovery period shortens. The main 
reasons are:  

(1) With the increase of  effect numbers, the number 
of reuse of secondary steam increases, and the output of 
fresh water increases, but at the same time, the heat 
transfer area of seawater desalination unit increases.  

(2) Because the desalination unit is used to recover 
the waste heat of the refrigeration system, it will not 
affect the performance of the solar refrigeration system, 
so the auxiliary heat source remains unchanged. 

(3) Increasing heat transfer area of seawater 
desalination unit will lead to increase initial investment 
of the system and freshwater production, so the 
comprehensive effect of both is shortening recovery 
period.  

4.3 Comparison of three cities  

For the same co-generation system, the refrigeration 
capacity is 25 kW and the desalination effect numbers is 
3. With the same other parameters, the three cities of 
Dalian, Shanghai and Shenzhen are compared, and 
compared with the solar refrigeration system.  
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Fig.6 Comparison of three cities 
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Fig. 7    Recovery period of two system 

 
From Fig.6, we can see that solar energy is the main 

energy needed in the co-generation system of the three 
cities. Solar energy collection is inversely related to 
auxiliary heat consumption. Shenzhen has the largest 
proportion of energy supply, which reaches 67.8%, 
Dalian has the smallest proportion of energy supply; 
Dalian has the largest auxiliary heat consumption and 
Shenzhen has the smallest proportion; from Fig.7, we 
can see that in the calculation range of this paper, 
Compared with solar energy refrigeration system, the 
recovery period of co-generation system can be 
shortened by 18.1%.  

5 Conclusion  
(1) For the same city, with the increase of refrigeration 
capacity, freshwater production and auxiliary heat 
consumption increase, freshwater benefit increases and 
recovery period shortens; with the increase of 
desalination efficiency, freshwater production increases, 
freshwater benefit increases, auxiliary heat consumption 
does not change; recovery period shortens.  

(2) Solar energy is the main energy needed in the co-
generation system of the three cities, Shenzhen has the 
largest proportion of energy supply, which reaches 
67.8%. Compared with the solar refrigeration system, the 
recovery period of the co-generation system can be 
shortened by 18.1%. 
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