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Abstract: In this paper, the economic analysis model of solar chimney power plant 

combining seawater desalination and waste heat (SCPPDW) and wind supercharging 

solar chimney power plant combining seawater desalination and waste heat 

(WSCPPDW) was established. Based on net present value (NPV) method, the 

economic performance of two systems and that of WSCPPDW after optimization 

were studied. It was found that the addition of wind supercharging device increased 

the net income (NET) and NPV by 42.8% and 102.5%, respectively. With the increase 

of time, the annual NET of two systems increased, and the annual NPV firstly 

increased and then decreased. The annual NET and NPV of WSCPPDW were always 

larger than those of SCPPDW, which were negative in the first four years, but those of 

WSCPPDW were only negative in the first year. After sequentially optimizing the 

turbine rotational speed, nozzle length, chimney outlet radius and mixing section 

length, the power and freshwater output of WSCPPDW were improved by 455.8% 

and 11.7%, respectively. And the total net income (TNET) and total net present value 

(TNPV) were increased by 183.4% and 442.8%, respectively. The declining inflection 

point of annual NPV was brought forward by 10 years compared to that of initial 

WSCPPDW. 

Keywords: Solar chimney power plant; Economic performance; Parameters 

optimization; Waste heat recovery; Desalination; Wind supercharging device  
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1.1 Background 

In order to deal with the energy crisis and fully make use of solar energy, the 

concept of solar chimney power plant (SCPP) was proposed [1–3]. It has a lot of 

outstanding advantages, such as single structure, low maintenance cost, wide source 

of construction material, reliable operation state and long-life cycle. A 50kW 

prototype SCPP was constructed in Manzanares (Spain) and connected to the grid, 

and it operated for 7 years since 1982 at an average of 8.9 hours per day under the 

supervision of one person [4,5]. The power output and system efficiency of the 

prototype SCPP were tested under different environmental conditions, which proved 

the economical reliability and utilization potential. However, because of the limitation 

of thermodynamic property, the air density difference between inside and outside the 

SCPP system was not significant, which resulted in low solar energy conversion 

efficiency. Besides, the multi-stage energy conversion process in SCPP system caused 

large energy loss. Therefore, the economic performance of prototype SCPP was 

relatively poor, considering its enormous dimensions (height of 194.6 m, heat 

collector radius of 122 m) [2,6].  

Because of the shortcomings, including low solar energy conversion efficiency, 

large size of structure and high investment cost, the commercial application of SCPP 

technology is limited [7,8]. One the one hand, many researchers attempted to optimize 

the structural parameters of SCPP, including chimney height, heat collector radius and 

chimney radius, to improve the energy conversion efficiency [9,10]. One the other 

hand, combing SCPP technology with other technologies, such as seawater 

desalination [11–20] , solar dryer [21], external heat sources [22–31], flat mirrors [32] 

and heat storage technology[33], is also a main development direction.  

Combining solar desalination or external heat source has arouse many 

researchers’ interests recently. Solar desalination is a good solution to deal with water 

crisis. Disc-type solar distiller, a relatively mature technology, is one of the most 

important solar desalination methods. Considering the fact that both of SCPP and 
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solar disc-type distiller occupy large land areas, many integrated SCPP systems 

combing desalination have been proposed to realize multi-object products output, 

including freshwater, power and raw salt, which is a beneficial way for improving 

solar energy utilization efficiency  [12,16]. Besides, one of the most important 

challenges for SCPP application is the operation discontinuity at night and on rainy 

days [34]. Because of the continues and relative high temperature of external source, 

coupling SCPP system with external heat source has potential to overcome the 

intermittency of electricity generation and realize the continuous work with 

considerable products output [17,35]. Both of combing SCPP system with 

desalination and external heat source are beneficial to promote the feasibility for 

developing SCPP technology. 

1.2 Literature review of the economic performance of SCPP systems 

The economic feasibility of SCPP system is crucial to its future development. 

Considering the low energy utilization efficiency and high investment cost, the power 

output will be considerable only when the sale reaches megawatt level with large 

structural size, high construction difficulty and expensive construction cost [6]. Many 

researchers have studied the economic feasibility of SCPP systems for contributing to 

the development and application of SCPP technology. 

Schlaich [4] and Bernardes et al. [36] evaluated the cost of components in SCPP 

system with different size parameters, forecasted the levelized electricity price (LEC) 

of SCPP, and explored the LEC sensitivity to some important economic parameters. 

However, they didn’t take the effect of carbon credit into consideration. Schlaich et al. 

[37] studied the economic feasibility of SCPP systems with different power capacity 

in Spain, and they concluded that with the improvement of power generation capacity, 

the LEC decreased. And the power capacity and LEC ranged from 5-200 MW and 

0.21-0.74 €/kW, respectively. Nizetic et al. [38] took SCPP as an energy source of 

residents and island countries in Mediterranean area. A simplified model was 

developed to calculate the power output, investment cost and power consumption. It 

Jo
urn

al 
Pre-

pro
of



4 

 

was found that the power price of SCPP was higher than that of other power 

generation technologies. Zhou et al. [39] made some uncertain assumptions, 

considering interest rate, inflation rate, carbon credits, depreciation period, for 

comparing the cash flow of a 100 MW floating solar chimney power plant (FSCPP) 

with reinforced concrete solar chimney power plant (RCSCPP) and solar photovoltaic 

plant (SPVP). It was found that FSCPP had better economic feasibility than the other 

two systems with the same power capacity. Based on the SCPP proposed by Schlaich 

[4] and Bernardes et al. [36], Fluri et al. [40] developed a more detailed novel model 

to study the economic characteristics of SCPP. The results showed that the initial cost 

of large scale SCPP and LEC may be underestimated by using the previous models, 

and the carbon credit was able to reduce the LEC. Cao et al. [41] took Lanzhou city 

(China) as a hypothetic construction site. The economic performance of conventional 

solar chimney power plant (CSCPP) and sloped solar chimney power plant (SSCPP) 

were studied by comparatively analyzing their cash flow within the lifetime. It was 

found that the investment of SCPP was affected by its structure and material price, 

and the SSCPP was more cost-effective. Compared with traditional fossil fuel 

combustion plants, the SCPP with large power capacity was more competitive. Li et al. 

[42] analyzed the economic feasibility of a reinforced concrete SCPP in the northwest 

of China, using fixed assets evaluation model and risk-adjusted discount rate. The 

total net present value (NPV) and the lowest power prices in four operation stages 

were studied. It was concluded that the economic performance was superior between 

the second stage and the fourth stage. The total net present value was very sensitive to 

the change of solar electricity price and inflation rate, but the variations of carbon 

credits price, income tax rate and loan interest rate had little effect on the total net 

present value. Akhtar et al. [43] studied the economic feasibility of a 200 WM SCPP 

in India. They explored the effects of the interest rate, inflation rate and operation 

period on the LEC. Under the interest rate of 6%, the LEC was sensitive to the change 

of inflation rate. The LEC was reduced with the decrease of inflation rate and the 
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increase of working time. Gholamalizadeh et al. [44] introduced an optimization 

methodology for obtaining the optimal configuration (heat collector radius, chimney 

height and chimney radius) of SCPP, using a triple objective function covering power 

output, expenditure and total efficiency. Under the condition of optimal configuration, 

it was found that the benefit from increment of power output is higher than the 

expenditure. Okoye et al. [45] studied the feasibility of installing SCPP in the 

conditions of North Cyprus, and the most feasible cost option was determined by 

changing different parameters. It was found that the investment cost, plant capacity 

and chimney height were key parameters to evaluate the feasibility of SCPP. Then, 

Okoye et al. [46] conducted a feasibility study for SCPP system and proposed a novel 

method to determine the optimum SCPP dimensions and economic feasibility. It was 

found that the decreasing of discount rate and the increasing of collector and turbine 

efficiencies could improve NPV. Ali et al. [47] proposed a method for optimizing 

economic parameters of SCPP systems by comparing the actual achieved simple 

payback period and the minimum possible simple payback period. And twelve 

optimal models were established for studying SCPP systems with different design 

concepts, including reinforced concrete chimney, sloped collector and floating 

chimney, in the range of 5-200MW. It was found that under the same conditions of 

solar radiation and electricity price, the simple payback period of the 200 WM SCPP 

with sloped heat collector is similar to the 5 MW SCPP with floating chimney. Based 

on hourly meteorological data and soil heat storage, Guo et al. [48] proposed an 

unsteady theoretical model for studying the SCPP annual power output. They applied 

the cost-benefit model to study the levelized cost of electricity (LCOE) of a 10 MW 

SCPP in Yinchuan (China). It was found that the LCOE was 0.4178 yuan/kWh, which 

could compete with wind power and solar photovoltaic power considering Chinese 

concessional loan. Asayesh et al. [15] investigated a comprehensive SCPP system 

combining desalination using particle swarm optimization (PSO) algorithm and 

one-dimensional simulation code. The results showed that when the radius of 
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desalination area was 85-125 m, the economic performance of the integrated system 

was optimal. Jamali et al. [49] presented a new cooling method for the 

semi-transparent photovoltaic system using a solar chimney (STPV-SC), and the 

comprehensive economic assessment was carried out. The payback period and unit 

cost of power output were regarded as the main economic indicators. The effects of 

packing factor, chimney height and heat collector radius on power output and 

economic performance were studied. It was found that packing factor could optimize 

the economic performance. When the packing factor was in the range of 0.3-0.5, the 

payback period was lowest. Zuo et al. [50] evaluated the economic efficiency of a 

wind supercharged solar chimney power plant (WS-SCPP). The results showed that 

the economic performance of WS-SCPP was always better than that of SCPP under 

the same working conditions due to the supercharging effect contributed by wind 

supercharging device. The lowest electricity selling price was greatly lower than that 

of SCPP, with a decrease of 20.1%. 

1.3 Objectives of this study 

Wind supercharging solar chimney power plant combing seawater desalination 

and waste heat (WSCPPDW) is a multi-object system combining SCPP technology, 

seawater desalination, wind supercharging device and the recovery of waste heat 

discharged from traditional thermal plant [17]. According to previous studies, the 

effects of wind supercharging device, working parameters, structural dimensions and 

environmental conditions on the heat transfer and products output have been studied 

by mathematical model and 3D numerical simulation [17,35]. It has been proved that 

combining SCPP with the desalination and external heat source could greatly improve 

the power output, freshwater yield and comprehensive energy utilization efficiency, 

and the optimization of working and structural parameters of WSCPPDW contributed 

to the improvement of working performance. Therefore, WSCPPDW may have 

potential to provide a possibility for future development and application of SCPP 

technology.  
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Because the size dimensions of WSCPPDW are extremely large, the investment 

cost will be very huge resulting in low economic feasibility and great commercial 

application difficulty. However, the superiority of WSCPPDW performance were 

only presented in the improvement of products output and energy conversion 

efficiency which could not directly reflect the advantages of economic advantages of 

WCPPDW. This research mainly focused on the benefit and cost study of the solar 

chimney power plant combing seawater desalination and waste heat (SCPPDW) and 

WSCPPDW. Given various income sources (electricity, carbon credit, freshwater and 

raw salt) and different kinds of costs (construction cost, interest, tax, insurance cost, 

operation and maintenance cost), the economic analysis model was developed by 

using NPV and risk adjusted discount rate methods, which took working time and risk 

value into account. Based on previous study, the economic analysis was carried out to 

further investigate the superiority of the optimal WSCPPDW. The influences of 

adding additional wind supercharging device at chimney outlet and the optimization 

of different parameters, including turbine rotational speed, nozzle length, chimney 

outlet radius and mixing section length, on the economic performance of WSCPPDW 

were explored. 

This paper is organized as follow: the structure of WSCPPDW is described in 

Section 2; the mathematical models of income and cost analyses are presented in 

Section 3 and 4; the criterion of economic performance assessment is presented in 

Section 5; the economic benefit analyses after adding wind supercharging device and 

optimizing working and structural parameters are discussed in Section 6; finally, the 

conclusions are included in Section 7. 

 

2 Physical model 

SCPPDW and WSCPPDW are two integrated systems which combine with 

waste heat recovery technology, and they are the extended systems of the solar 

chimney power plant combined with seawater desalination (SCPPCSD) and wind 
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supercharged solar chimney power plant combined with seawater desalination 

(WSSCPPCSD), respectively [17,35]. Because the main difference between SCPPDW 

and WSCPPDW is the wind supercharging device installed at the chimney outlet, the 

following focuses on the working principle of WSCPPDW. 

Fig.1 is the structure and schematic diagram of WSCPPDW [17] . As shown in 

Fig.1, WSCPPDW mainly consists of 6 parts, including spiral exhaust gas heating 

channel (SGC), close-type seawater distillation tank, heat collector, air turbine, 

common chimney of SCPP and thermal power plant, and wind supercharging device. 

The differences between WSCPPDW and WSSCPPCSD are the SGC and common 

chimney.  

Ground

Upper wind

Exhaust gas

Heat collector
Guid cone

Cold air

Common 
chimney

Strong brine outlet

Freshwater outlet
Seawater inlet

Mixed gas

   
z

Sun

Wind supercharging
 device

Upper 
wind

vertical axis blade 

ventilator blade 

Solar radiation

Air turbine

Glass cover
Freshwater collector

Annular distillation 
shallow slot

Seawater layer

Close-type seawater 
distillation tank

Purification device

Flue pipeSGH  

Fig.1 Structure and schematic diagram of WSCPPDW. 

After being reheated by GGH（gas-gas heater）of thermal power plant, the flue 

gas enters the SGC arranged in spiral shape to heat the seawater in distillation tank. 

The seawater could store solar radiation energy and the energy of flue gas waste heat 

could ensure the continuous and stable operation state of WSCPPDW. The waste heat 

of flue gas greatly increases the seawater temperature, the evaporation capacity of 

seawater and the temperature of hot airflow in heat collector, which further improve 

the freshwater output. The flue gas flows through the SGC, and then enters the guide 
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cone cavity. In order to prevent the flue gas from corroding the inner wall of chimney 

and turbine blades, the flue gas is purified by the purification device (wet dust 

separator or other devices). The purified flue gas is injected into the common chimney 

by the nozzle at the outlet of guide cone. At the base of the common chimney, the 

high-speed flue gas jet flow generates vacuum effect and entrains its surrounding 

airflow. The mixture of high temperature flue gas and hot airflow increases the mass 

flow rate and temperature rise of airflow in WSCPPDW. Therefore, the turbine 

pressure drop and power output of the integrated system are both improved. 

WSCPPDW utilizes different kinds of energy simultaneously, including wind 

energy, solar energy and flue gas waste heat energy, which improves the energy 

comprehensive utilization efficiency. The recovery of flue gas waste heat makes the 

system work continuously under the conditions of low solar radiation and night and 

improve the electricity output. The chimney in WSCPPDW is common chimney of 

SCPP and thermal power plant, that is, the high temperature flue gas from thermal 

power plant is discharged through the solar chimney, which greatly reduces the 

investment cost of construction. 

Based on the dimension parameters of the prototype SCPP in Spanish 

Manzanares [2,3], some key parameters of WSCPPDW are shown in Table 1. 

Table 1 Main dimension parameters of WSCPPDW. 

Parameters Values 

Chimney height  194.6 m 

Chimney radius  5.08 m 

Collector radius  122 m 

Collector height  1.85 m 

Gas inlet temperature  358.15 K 

Gas mass flow  436.3 kg/s 

Environment temperature  298.15 K 

Air inlet temperature  298.15 K 

Environment wind velocity  2.5 m/s 

Solar irradiance  850 W/m2 
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Maximum error for solving  0.1% 

 

3 Mathematical model of income analysis 

On the on hand, combining with SCPP technology and solar disc-type seawater 

desalination technology, WSCPPDW economizes large land resource and construction 

cost. On the other hand, combining thermal power plant chimney and SCPP chimney 

reduces the construction cost. Therefore, WSCPPDW integrates many technologies 

which reduce the investment cost, realize the output of multi-object products, and 

greatly improve the system income. This paper analyzes the economic income of 

WSCPPDW. Its sources of profit consist of power output, carbon credit income, 

freshwater production and raw salt output. 

3.1 Electricity income 

This paper focuses on studying the economic performance of SCPPDW and 

WSCPPDW taking account of the influence of inflation rate on electricity price. 

Because the power consumption of WSCPPDW itself accounts for a very low 

proportion of its total power output, it is assumed that all the power output generated 

by WSCPPDW will be sold to electric power company. The economic performance is 

predicted based on the operation time of 8.9 h/day [4]. The electricity income of the 

k-th year of WSCPPDW can be expressed as follows: 

            

1(1 )k k

p p pB E P θ −= +
 

   (1) 

           
=3248.5p sysE P

 
   (2) 

           
0 k m≤ ≤

 
   (3) 

Where, pE  is the annual power output; pP  is the electricity unit price; θ  is 

the constant inflation rate; m is the period of repaying the integrated system loan, 

=30m [42]. 

3.2 Carbon credit income 

WSCPPDW combines the chimneys of thermal power plant and SCPP, which 

saves the construction cost. Because WSCPPDW recovers the flue gas discharged 
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from thermal power plant for power generation, it has carbon credit income. If the 

difference between the flue gas discharged from WSCPPDW and thermal plant is 

ignored, the carbon credit income of WSCPPDW in the k-th year can be expressed as 

follows: 

            
2 22

1(1 )
CO

k k

CO p COB M E P θ −= +
 

   (4) 

Where, 
2COM  is the carbon emission of traditional thermal power plant; 

2COP  is 

the carbon credit price. 

3.3 Freshwater income 

WSCPPDW can realize the joint production of freshwater and electricity, and its 

freshwater income in the k-th year is as follows: 

           
1 3(1 ) 10k k

w w wB E P θ −= + ×    (5) 

           
3248.5w wE = M

 
  (6) 

Where, wP  is the unit price of industrial distilled water. 

3.4 Raw salt income 

WSCPPDW can produce raw salt while generating freshwater. The income of 

raw salt in the k-th year can be expressed as follows: 

           
1(1 )k k

s s sB E P θ −= +    (7) 

           
3

s3248.5 10s wE E= ×η    (8) 

Where, sη  is the output efficiency of raw salt, s=3.5%η ; sP is the unit price of 

raw salt. 

 

4 Mathematical model of cost analysis 

4.1 Integrated system construction cost 

The construction cost of WSCPPDW mainly comes from the common chimney, 
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air turbine, heat collector, distillation tank, SGC, labor cost, material transportation 

cost, and the anticorrosion cost (flue inner wall of SGC, inner wall of common 

chimney and turbine blades surface). Besides, WSCPPDW chimney is made of 

high-performance concrete and rebar, and the hoisting cost of tall chimney accounts 

for 20% of the cost of concrete and rebar, excluding the transportation cost. The SGC 

is located below the ground level which is also made of concrete. Glass flake 

anticorrosive coating is applied to the common chimney inner wall and gas flue wall. 

The anticorrosive coating covers on the surface of turbine blades by plasma spraying 

based on the anticorrosive technology. If the transportation cost of materials accounts 

for 1.7% [42] of the material cost, the total cost and investment cost of WSCPPDW 

can be expressed as follows: 

           1.017tot invC C=    (9) 

           inv SGC sys antiC C C C= + +
   (10) 

Where, SGCC  is the cost of  SGC; sysC  is the construction cost of other parts 

of WSCPPDW except SGC; antiC  is the anticorrosion cost of different parts in 

integrated system. 

4.2 Interest cost 

There are two common methods to repay the loan, one is the repayment of 

interest method, the other is the equal principal repayment method [39]. In order to 

reduce the cost of interest, this paper adopts the latter method. According to the 

working time of traditional thermal power plant, the loan of building WSCPPDW 

needs to be paid off within 30 years (=30m ). The capital needed to be repaid in the 

k-th year can be expressed as follows:  

           

k tot
cap

C
C

m
=

 
  (11) 

The residual debt after repaying the capital and the interest in the k-th year can 

be respectively expressed as follows: 
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( 1)k k

debt tot capC C k C= − −
 

  (12) 

           
k k
int debtC rC=    (13) 

Where, r is the loan interest rate. 

4.3 Tax cost 

At the end of the working period of WSCPPDW, some components can be 

recycled, including support matrix, column structure, ring stiffener and so on. The net 

value of fixed assets and annual depreciation cost of the integrated system in the k-th 

year can be respectively expressed as follows: 

           
1(1 )k k

res resC C d−= −    (14) 

           

k k

depr res
C C d=

 
  (15) 

Where, d  ( =2/d m) is the double declining balance depreciation rate. 

According to Chinese tax law, the depreciation expense and the loan interest can 

be excluded from the tax cost. The tax cost of the integrated system in the k-th year 

can be expressed as:  

           
( )k k k k

tax all int deprC B C C t= − −
 

  (16) 

Where, t  is the income tax rate. 

4.4 Operation and maintenance cost 

The operating of WSCPPDW consumes labor cost, and the maintenance of heat 

collector, chimney, turbine and gas flue is also needed to be invested. In addition, the 

operation and maintenance cost is influenced by inflation rate. The operation and 

maintenance cost of the integrated system in the k-th year can be expressed as: 

           
1 1

& & (1 )k k
O M O M O MC C −= +

＆

ε    (17) 

Where, 1
&O MC  is the operation and maintenance cost of the first year [41] , 

which is related to the power output of WSCPDPW; O Mε
＆

 is the annual growth rate 

of operation and maintenance cost , which is considered to be equal to the inflation 

rate [41]. 
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4.5 Insurance cost 

The insurance cost of WSCPPDW includes the equipment loss and premium rate 

loss in the first year. It is assumed the total loss cost accounts for 0.8% of total 

investment [41]. The annual insurance cost is influenced by inflation rate. The 

insurance cost of WSCPPDW in the k-th year can be expressed as follows: 

           
1 1(1 )k k

insu insuC C θ −= +
 
  (18) 

           
1 0.8%insu totC C=   (19) 

Where, 1
insuC  is the insurance cost in the first year. 

 

5 Economic performance assessment 

The total income and the total cost of WSCPPDW in the k-th year can be 

expressed as follows: 

           
2

k k k k k

all p CO w sB B B B B= + + +
 

  (20) 

           
&

k k k k k

all cap int O M insuC C C C C= + + +
 

  (21) 

The annual net income (NET) and the total net income (TNET) of WSCPPDW in 

the k-th year can be respectively expressed as follows: 

           
k k k

all allNET B C= −    (22) 

           1

m
k

k

TNET NET
=

=∑
 

  (23) 

In order to analyze the economic characteristic of WSCPPDW and SCPPDW, the 

annual cash flow during the working period need to be studied. The economic 

performance of the investment project depends on the discount rate to some extent. In 

this paper, the risk adjusted discount rate method is adopted. The discount rate can be 

expressed as follows: 

          x yzµ= +          (24) 

Where, µ, y  and z  represent risk-free discount rate, rate of risked return and 

risk degree, respectively. 
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The NPV and the total net present value (TNPV) of WSCPPDW in the k-th year 

can be expressed as follows: 

          

( )

(1 )

k k
k all all

k

B C
NPV

x

−=
+  

  (25) 

           1

n
k

k

TNPV NPV
=

=∑
 

  (26) 

Based on the working performance of WSCPPDW after orderly optimizing its 

turbine rotation speed, nozzle length, chimney outlet radius and mixing section length 

[17,35], the economic performance of the optimal WSCPPDW is studied. In the 

process of four-level optimization, the growth rate of annual NET and NPV in the k-th 

year relative to those of previous level can be expressed as follows: 

         1
1 100%

k k
u u

u k
u

NET NET

NET
δ +

+
−= ×  (27) 

Where, u represents the optimization level, 0≤u≤4. For example, 0
kNET  is the 

annual NET in the k-th year with the initial parameters; 4
kNET is the annual NET in 

the k-th year after four-level optimization. 

The economic parameters evolved in the cost-benefit analysis model are shown 

in Table 2. 

Table 2 Economic parameters evolved in the economic analysis model. 

Parameters Symbol Value 

Inflation rate θ 3% 

Loan interest rate r 3% 

Income tax t 13% 

Annual growth rate ε  3% 

Discount rate x  11.52% 

Risk adjusted discount rate µ  8% 

Risked return rate y  8% 

Risk degree z  0.44 

Double declining balance 

depreciation rate 
d 1/15 
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6 Economic benefit analysis 

6.1 Total income analysis 

According to the references [17,51], the wind supercharging device installed at 

the chimney outlet could provide the negative pressure of 64.5 Pa. The power output 

and hourly freshwater yield of SCPPDW are 159.3 kW and 15.0 ton/h, respectively, 

and those of WSCPPDW are 193.7 kW and 17.2 ton/h, respectively. As shown in 

Fig.2 (a), under the effect of the wind supercharging device, the power output and 

hourly freshwater yield of WSCPPDW are increased by 21.6% and 14.7%, 

respectively. Fig.2 (b) shows the comparison of the TNET and TNPV in working 

period. It can be observed that, after adding the wind supercharging device at the 

chimney outlet, the TNET and TNPV of WSCPPDW are improved by 42.8% and 

102.5%, respectively.       

     

(a) Power generation and hourly freshwater yield          (b) TNET and TNPV 

Fig.2 Performance parameters comparison of SCPPDW and WSCPPDW 

6.2 Variation rules of economic performance 

 

Fig.3 Annual NET variation rules of SCPPDW and WSCPPDW within the working period 

Fig.3 shows the variation rule of the annual NET of SCPPDW and WSCPPDW. 
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It can be seen from Fig.3 that with the increasing of working years, the annual NET of 

SCPPDW and WSCPPDW increases gradually, and the annual NET of WSCPPDW is 

always larger than that of SCPPDW. The annual NET of SCPPDW is negative in the 

first four years and it is positive in the rest of working time. The annual NET of 

WSCPPDW is only negative in the first year.  

This is because under the influence of inflation rate, with the increasing of 

working time, all of the electricity income，carbon credit income, freshwater income 

and raw salt income of SCPPDW and WSCPPDW increase year by year. In addition, 

because the fixed loan expense needs to be paid every year, both of the remaining loan 

and the annual loan interest decrease year by year. Therefore, the annual NET of 

SCPPDW and WSCPPDW increases year by year. 

Fig.4 shows the NPV variation rules of SCPPDW and WSCPPDW within the 

working period. It can be seen from Fig. 4 that the NPV of SCPPDW increases first in 

the first 15 years and then decreases. It is negative in the first four years and positive 

in the rest of operating time. The NPV of WSCPPDW increases in the first 11 years 

and then decreases. It is only negative in the first year and it is always larger than the 

NPV of SCPPDW. 

 

Fig.4 NPV variation rules of SCPPDW and WSCPPDW during the service period 

This is because the annual NPV is mainly influenced by annual NET and 

discount rate. It can be known from Eq. (26) and (29) that NPV has a positive 

correlation with NET and has a negative correlation with discount rate. It is known 

from the above analysis that in the first 15 years, because the annual NET increases 

and the annual NET is the dominant factor affecting the change of NPV, the NPV of 
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SCPPDW increases. After 15 years, as the influence of discount rate becomes more 

significant, the NPV of SCPPDW decreases year by year. Similarly, the NPV of 

WSCPPDW increases first and then decreases. As shown in Fig.2, the power 

generation of WSCPPDW is obviously larger than that of SCPPDW. The annual 

operation and maintenance cost of WSCPPDW is higher than that of SCPPDW 

because of the positive correlation between operation and maintenance cost and power 

output. Because the annual operation and maintenance cost is inversely proportional 

to NPV, the inflection point of WSCPPDW where NPV starts to decrease is earlier 

than that of SCPPDW. In addition, because the annual NET of SCPPDW is negative 

in the first four years, its NPV is also negative. Because the annual NET of 

WSCPPDW is always larger than that of SCPPDW, the NPV of WSCPPDW is larger 

than that of SCPPDW. 

6.3 The influence of the optimization of different parameters on the total income 
of integrated systems 

     

Fig.5 power and hourly freshwater yield           Fig.6 TNET and TNPV 

Table 3 The parameters growth rate of each level optimization of WSCPPDW 

Optimization parameters 
Performance parameters 

Power Freshwater TNET TNPV 

Rotational speed   222.7% -28.6% 12.0% 25.9% 

Nozzle length 2.8% 2.5% 6.5% 14.0% 

Chimney outlet radius 33.9% 39.7% 87.5% 177.1% 

Chimney mixing section 

length 
25.1% 9.3% 26.8% 36.5% 

Growth rate compared to the 

unoptimized system  
455.8% 11.7% 183.4% 442.8% 
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According to our previous research results [35], the optimization of WSCPPDW 

was divided into four levels, that is, the optimization parameters of WSCPPDW, 

including the turbine rotational speed, nozzle length, chimney outlet radius and 

chimney mixing section length, are orderly optimized. The calculation of the 

optimization object of the latter level is based on the precondition that the 

optimization object of the former level has reached its optimal value. Fig.5 shows the 

power output and hourly freshwater yield of each level of sequential optimization of 

WSCPPDW. Fig.6 shows the TNET and TNPV of WSCPPDW under each level of 

sequential optimization. The optimization results of each level, including the growth 

rate of power output, growth rate of hourly freshwater yield, and TNET and TNPV of 

WSCPPDW, are shown in Table 3. 

It can be seen from Table 3 that the power output significantly increases, and the 

hourly freshwater yield decreases after optimizing the turbine rotational speed. The 

optimization effect of nozzle length is not obvious, the power output and hourly 

freshwater yield are just slightly increased. The optimizations of turbine rotational 

speed and nozzle length both increase the TNET and TNPV of WSCPPDW. After 

optimizing the chimney outlet radius and the chimney mixing section length, all of the 

power generation, the hourly freshwater production, TNET and TNPV are 

significantly increased. After the four-level optimization, compared with those of the 

original system without any optimization, the power generation and hourly freshwater 

production are increased by 455.8% and 11.7%, respectively, and the TNET and 

TNPV are increased by 183.4% and 442.8%, respectively. 

6.4 The influence of different optimization parameters on the annual change of 
economic performance of WSCPPDW 

Fig. 7 shows the annual NET and NPV change curves year by year after 

sequentially optimizing the turbine rotational speed, nozzle length, chimney outlet 

radius and mixing section length of WSCPPDW. Table 4 shows the increase rate and 

growth rate of annual NET and NPV after the sequential optimization.  
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As shown in Fig.7 and Table 4, in the process of sequential optimization of 

turbine rotational speed, nozzle length, chimney outlet radius and mixing section 

length of WSCPPDW, both of the annual NET and NPV are increased. After 

optimizing the turbine rotational speed and nozzle length, the annual NET and NPV 

are only increased slightly. After optimizing the chimney outlet radius and the mixing 

section length, the annual NET and NPV are significantly increased. After optimizing 

the chimney outlet radius, the growth of annual NET and NPV is the largest, and the 

average annual rises are 9.97 × 105 yuan and 2.217 × 105 yuan, respectively. After 

four-level optimization, the annual NET and NPV of WSCPPDW are averagely 

increased by 2.4 × 106 yuan and 3.9 × 105 yuan, respectively. It can be seen from the 

above that the optimization of different parameters of WSCPPDW improves power 

output and hourly freshwater yield, which further increases the annual NET and NPV. 

Because the power generation is obviously increased and the freshwater production is 

decreased, the annual NET and NPV of WSCPPDW only increase slightly after 

optimizing the turbine rotational speed. 

         
(a) Annual NET                             (b) Annual NPV 

Fig.7 The annual NET and NPV change curves of WSCPPDW.  

As shown in Fig. 7 (a) and (b), with the increasing of working time of 

WSCPPDW, its annual NET increases year by year, and the annual NPV increases 

first and then decreases. In the process of four-level optimization, the inflection points 

of NPV appear in the 14th, 13th, 7th and 4th year, respectively. The declining 

inflection point of annual NPV is brought forward by 10 years after four-level 
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optimization.  

It can be seen from the above that influenced by inflation rate, the annual NET of 

WSCPPDW increases year by year. Therefore, as the working time gets longer, the 

annual NPV increases year by year. With the further increase of working time, the 

influence of the discount rate on NPV becomes more and more significant, thus the 

annual NPV decreases yearly. After each level optimization, the operation and 

maintenance cost of WSCPPDW is significantly increased, and the declining 

inflection point of annual NPV is much earlier due to the obvious increase of power 

output. 

It can be seen from Table 4 that with the increasing of working time, the growth 

value of NET between two adjacent optimization levels is improved continually, and 

the growth value of NPV decreases between two layers decreases. The growth rate of 

NET between adjacent optimization levels is equal to that of NPV according to Eq. 

(25) and (27). Before optimizing the chimney mixing section length (the fourth level), 

the growth rate increases first and then decreases. And it decreases continually after 

optimizing the chimney mixing section length.  

This is because the benefit from optimizing WSCPPDW parameters is larger than 

the paid cost, the NET growth value increases continually. Under the effects of 

discount rate, which effect becomes larger with the increase of working time, the NPV 

growth value decreases according to Eq. (25). The NET of WSCPPDW with initial 

design parameters is negative in the first five years. Then, after optimizing the turbine 

rotational speed (the first level) and nozzle length (the second level), the NETs of 

WSCPPDW are negative in the first four years and the first three years, respectively. 

For the optimization results of the first three levels, as the working time gets longer, 

their growth rates are improved to very large values. Because the denominator (the 

NET of the previous optimization level) is approaching to zero from a negative value, 

the growth rate of NPV will become extremely large, according to Eq. (27). With the 

further increasing of working time, the growth rate of NPV decreases under the effects 
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of inflation rate. For the optimization result of the fourth level (the chimney mixing 

section length), the growth rate reduces continually, because the annual NET in the 

third level (the chimney outlet radius) is always positive and increases continually.   

Table 4 The growth of annual NET and NPV after sequential optimization. 

Optimize rotational speed  Optimize nozzle length 

Working 

duration (year) 

Growth 

of NET 

(million) 

Growth 

of NPV 

(million) 

Growth rate 

(%) 

Growth of 

NET 

(million) 

Growth of 

NPV 

(million) 

Growth rate 

(%) 

1 0.0497  0.0445  15.3150  0.0428  0.0384  15.5819  

2 0.0533  0.0429  21.8971  0.0442  0.0355  23.2069  

3 0.0571  0.0412  35.0638  0.0456  0.0329  43.0986  

4 0.0609  0.0394  74.5082  0.0470  0.0304  225.6766  

5 0.0648  0.0376  25759.4925  0.0485  0.0281  75.1949  

6 0.0687  0.0357  84.0759  0.0501  0.0260  33.2714  

7 0.0727  0.0339  44.2656  0.0516  0.0241  21.7849  

8 0.0768  0.0321  31.0312  0.0533  0.0223  16.4206  

9 0.0810  0.0304  24.4254  0.0549  0.0206  13.3161  

10 0.0853  0.0287  20.4686  0.0567  0.0190  11.2935  

11 0.0896  0.0270  17.8357  0.0584  0.0176  9.8724  

12 0.0940  0.0254  15.9590  0.0603  0.0163  8.8200  

13 0.0986  0.0239  14.5549  0.0621  0.0151  8.0101  

14 0.1032  0.0224  13.4658  0.0641  0.0139  7.3681  

15 0.1080  0.0210  12.5971  0.0661  0.0129  6.8471  

16 0.1128  0.0197  11.8887  0.0681  0.0119  6.4163  

17 0.1178  0.0185  11.3006  0.0702  0.0110  6.0544  

18 0.1228  0.0173  10.8050  0.0724  0.0102  5.7465  

19 0.1281  0.0161  10.3821  0.0746  0.0094  5.4816  

20 0.1334  0.0151  10.0173  0.0769  0.0087  5.2514  

21 0.1388  0.0141  9.6998  0.0793  0.0080  5.0498  

22 0.1444  0.0131  9.4211  0.0817  0.0074  4.8720  

23 0.1502  0.0122  9.1749  0.0842  0.0069  4.7140  

24 0.1561  0.0114  8.9560  0.0868  0.0063  4.5730  

25 0.1621  0.0106  8.7603  0.0895  0.0059  4.4465  

26 0.1683  0.0099  8.5845  0.0922  0.0054  4.3324  

27 0.1747  0.0092  8.4259  0.0951  0.0050  4.2292  

28 0.1812  0.0086  8.2823  0.0980  0.0046  4.1355  

29 0.1879  0.0080  8.1517  0.1009  0.0043  4.0501  

30 0.1947  0.0074  8.0326  0.1040  0.0039  3.9720  

Average value 0.1146  0.0226  
 

0.0693  0.0154  
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Optimize chimney outlet radius Optimize chimney mixing section length  

Working 

duration (year) 

Growth 

of NET 

(million

) 

Growth 

of NPV 

(million) 

Growth rate 

(%) 

Growth 

of NET 

(million) 

Growth of 

NPV 

(million) 

Growth rate 

(%) 

1 0.6173  0.5535  266.3067  0.3491  0.3130  90.5667  

2 0.6369  0.5121  435.8704  0.3607  0.2900  73.4937  

3 0.6571  0.4738  1092.1335  0.3726  0.2686  62.4174  

4 0.6779  0.4383  2588.4973  0.3848  0.2488  54.6567  

5 0.6992  0.4054  618.5416  0.3974  0.2304  48.9214  

6 0.7212  0.3749  359.6904  0.4103  0.2133  44.5140  

7 0.7438  0.3467  257.6654  0.4236  0.1975  41.0240  

8 0.7671  0.3207  203.1216  0.4372  0.1828  38.1945  

9 0.7911  0.2965  169.1966  0.4513  0.1692  35.8562  

10 0.8157  0.2742  146.0761  0.4657  0.1565  33.8932  

11 0.8411  0.2535  129.3217  0.4806  0.1448  32.2234  

12 0.8672  0.2344  116.6331  0.4959  0.1340  30.7869  

13 0.8941  0.2167  106.6992  0.5116  0.1240  29.5392  

14 0.9218  0.2003  98.7180  0.5278  0.1147  28.4464  

15 0.9503  0.1852  92.1712  0.5445  0.1061  27.4822  

16 0.9796  0.1712  86.7091  0.5616  0.0981  26.6260  

17 1.0098  0.1582  82.0870  0.5793  0.0908  25.8614  

18 1.0408  0.1462  78.1289  0.5974  0.0839  25.1751  

19 1.0728  0.1352  74.7046  0.6161  0.0776  24.5562  

20 1.1058  0.1249  71.7159  0.6353  0.0718  23.9959  

21 1.1397  0.1154  69.0874  0.6551  0.0664  23.4867  

22 1.1746  0.1067  66.7599  0.6755  0.0614  23.0225  

23 1.2105  0.0986  64.6868  0.6965  0.0567  22.5980  

24 1.2476  0.0911  62.8305  0.7180  0.0524  22.2086  

25 1.2857  0.0842  61.1605  0.7403  0.0485  21.8507  

26 1.3249  0.0778  59.6517  0.7631  0.0448  21.5209  

27 1.3653  0.0719  58.2833  0.7867  0.0414  21.2163  

28 1.4069  0.0664  57.0381  0.8109  0.0383  20.9346  

29 1.4498  0.0614  55.9015  0.8359  0.0354  20.6735  

30 1.4939  0.0567  54.8610  0.8616  0.0327  20.4311  

Average Value 0.9970  0.2217  
 

0.5715  0.1265  

 

7 Conclusions 

In this paper, in order to research the economic performance of SCPPDW and 

WSCPPDW, an economic analysis model is developed. Based on NPV method, the 
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economic performance of SCPPDW and WSCPPDW and their economic 

characteristics after sequentially optimizing working and geometric parameters are 

studied. The main conclusions are as follows: 

(1) After adding the wind supercharging device at the chimney outlet, the TNET 

and TNPV of WSCPPDW are increased by 42.8% and 102.5%, respectively. As the 

working time gets longer, the annual NET of two integrated systems shows increasing 

trend. The annual NPV of SCPPDW and WSCPPDW increases first and then 

decreases，and the maximum values appear in the 15th and 11th year, respectively. 

The annual NET and NPV of WSCPPDW are always larger than those of SCPPDW. 

Those of SCPPDW are negative in the first four years, and those of WSCPPDW are 

only negative in the first year. 

(2) The power output significantly increases, and the hourly freshwater yield 

decreases after optimizing the turbine rotational speed of WSCPPDW. The 

optimization effect of nozzle length is not obvious, the power generation and hourly 

freshwater production are just slightly improved. The optimizations of turbine 

rotational speed and nozzle length both improve the TNET and TNPV. After 

optimizing the chimney outlet radius and the chimney mixing section length, all of the 

power generation, hourly freshwater production, TNET and TNPV are significantly 

increased. After four-level optimization (turbine rotational speed, nozzle length, 

chimney outlet radius and mixing section length), compared with the initial 

WSCPPDW, the power output and the hourly freshwater yield are increase by 455.8% 

and 11.7%, respectively, and the TNET and TNPV are improved by 183.4% and 

442.8%, respectively. 

 (3) In the process of four-level sequential optimization, the annual NET and NPV 

both increase after optimizing each level parameters. After optimizing the turbine 

rotational speed and nozzle length, the annual NET and NPV only are increased 

slightly. After optimizing the chimney outlet radius and the mixing section length, the 

annual NET and NPV are increased significantly. After four-level optimization, the 
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annual NET and NPV of WSCPPDW are averagely improved by 2.4 × 106 yuan and 

3.9 × 105 yuan, respectively. 

 (4) As the working time of WSCPPDW gets longer, the annual NET increases 

and the annual NPV firstly increases and then decreases. The inflection point of 

annual NPV is brought forward by 10 years after fourth-level optimization. Before 

optimizing the chimney mixing section length, the growth rates of annual NET and 

NPV both increase and then decrease. After optimizing the chimney mixing section 

length, the growth rates of annual NET and NPV decrease continually. 

 

Symbol table 

Letter   

B Benefit (yuan)  

C Cost (yuan) 

D Double declining balance depreciation rate (%) 

E Annual output  

k The k-th year 

m Total years of working (year), m=30 

M Freshwater output (ton)  

NET Net income (yuan) 

NPV Net present value (yuan) 

p Power (kW) 

r Loan rate (%) 

TNET Total net income (yuan) 

TNPV Total net present value (yuan) 

V Volume of construction material (m3) 

x The discount rate 

y The rate of risked return  

z The risk degree 

Subscripts  

all Total income or total cost 

anti Anticorrosion  

cap Capital  
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CO2 Carbon emission 

debt Debt 

depr Annual depreciation expense 

insu Insurance  

int Interest  

inv Investment  

O&M Operation and maintenance cost  

p Unit price  

res Net value of fixed assets 

s Raw salt  

sys System  

t Income tax rate 

tax Tax 

tot The integrated system 

u The u-th optimization  

w Freshwater  

Greek symbol 

θ  Inflation rate 

sη  Output efficiency of raw salt, s=3.5%η  
ε  Annual growth rate 

µ  The risk-free discount rate 

δ  The growth rate of annual NET and NPV 
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Highlights: 

• The economic analysis model of WSCPPDW was developed. 

• The effect of wind supercharging device on economic performance of 
WSCPPDW was studied. 

• The influence of the optimization of different parameters on economic 
performance was explored. 

• The annual change regulations of economic performance of WSCPPDW were 
researched. 
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