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ABSTRACT 

This paper expands a model different from existing models to analyze the cost and benefit of a 
reinforced concrete solar chimney power plant (RCSCPP) built in the desert regions of Iran. 
Based on the model and some assumptions for values of parameters, this paper calculates total 
net present value (TNPV) and the minimum electricity price in each phase by dividing the whole 
service period into four phases. The results showed that the minimum electricity price in the first 
phase is higher than the current market price of electricity, but the minimum prices in the other 
phases are far less than the current market price. The analysis indicated that huge advantages of 
the RCSCPP over coal-fired power plants could be embodied in phases 2–4. In addition, the 
sensitivity analysis performed in this paper discovered that TNPV is very sensitive to changes in 
the solar electricity price and inflation rate, but responds only slightly to changes in carbon 
credits price, income tax rate and interest rate of loans. Our analysis predicts that RCSCPPs 
have very good application prospect.  

KEYWORDS: Cost-benefit analysis, Power generation, Reinforced concrete solar chimney, 
Sensitivity analysis. 

1. INTRODUCTION 

In recent years, rapid developments of global 
economy and increase in population and 
living standards have been posing great 

pressure on natural resources (Fig. 1) and the 
environment. Fossil fuels are being 
exhausted at a fast rate, and utilization of 
fossil fuels together with net deforestation 
has induced considerable climate change in 
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warming the atmosphere by releasing 
greenhouse gases (GHG) [1]. 
Stern estimated that the economic losses 
caused by global warming go beyond 20% 
of world GDP. For this reason, more and  
more countries begin to take measures to 
reduce the emission of greenhouse gases. 
One of these measures is to develop the 
technologies utilizing renewable and clean 
energy sources. As a renewable and clean 
energy, solar energy is carbon-free, 
inexhaustible, sustainable, cost free and 
practically unlimited. It is able to satisfy the 
power demand of mankind at present and in 
the future if some of the solar radiation 
radiating on the Earth’s surface is utilized. In 
recent years, how to turn the abundant solar 
energy into the energy that human can 
directly utilize has become a popular and 
difficult problem. With the diminishing of 
fossil fuels and the exacerbation of 
greenhouse effect, many countries provide 
economic incentives for the development of 
solar power plants, including non-returnable 
subsidies, soft loans, favorable tax policies 
and so on [2]. 

 
Fig.1.Annual global energy consumption during 

the time between 1850 and 2000 
 

The solar chimney power plant (SCPP) 
combines three familiar components: a solar 
collector, a SC situated in the center of the 
collector, and power conversion unit (PCU) 
which includes one or several turbine 
generators. The turbines are driven by 
airflow produced by buoyancy resulting 
from greenhouse effect inside the collector 
(Fig. 2) [1]. 

 
Fig. 2. Schematic diagram of SCPP 

The most suitable construction sites of large-
scale SCPPs are located in vast desert 
regions where land may be free. The 
technologies for the SCPP components are 
simple and reliable, accessible to the 
technologically less developed countries, 
which are sunny and often have limited raw 
material resources. Little maintenance and 
no combustible fuel and cooling water are 
needed for SCPPs [1]. 

By now, no one commercial SCPP have 
been built in the world. A comprehensive 
economic analysis is very necessary to show 
the competitiveness of the SCPP technology 
before its commercial application. 

Recently, several economic models were 
developed to assess the economic 
competitiveness of the commercial SCPPs. 
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Schlaich and Bernardes estimated the 
component cost for various plant sizes, 
 evaluated the levelized electricity cost 
(LEC), and analyzed the sensitivity of the 
LEC to some economic parameters. Be 
sides, Bernardes derived a parametric cost 
model for the main plant components. 
Schlaich et al. estimated the cost of plants 
and the LEC with different power capacities. 
The collector roofs of the plants were 
assumed to be made of plastic membrane in 
the studies by Schlaich and Schlaich et al., 
and of glass in the study by Bernardes. Fluri 
et al. presented a more detailed cost model to 
estimate the cost of two commercial plants 
whose configurations were similar to the 100 
MW plants, respectively proposed by 
Schlaich et al. and Bernardes. In their 
economic analysis, the impact of carbon 
credits on the LEC was also considered. 
These studies mentioned above considered 
commercial reinforced concrete solar 
chimney power plants (RCSCPPs).  

By now, little work on economic analysis of 
SCPPs has been reported by taking into 
consideration the cash flows. Zhou et al. 
performed economic analysis of power 
generation from a 100 MW FSCPP by 
analyzing cash flows during their whole 
service period and compared the economics 
of the 100 MW FSCPP and a 100 MW 
RCSCPP. Later, Cao et al. performed 
economic analysis of conventional SCPPs 
and sloped-collector SCPPs with three 
power capacities of 5.1 MW, 35.1 MW, and 
104.7 MW proposed in Northwest China by 
analyzing cash flows during their whole ser-
vice periods. The service periods of the 
proposed plants were assumed to be 30 

years. In Zhou et al’s. and Cao et al’s. views, 
the revenue of carbon credits need not be 
taxed, and the income tax cost has not been 
calculated. 

In this paper, a detailed cost-benefit model is 
developed to estimate the cost and benefit of 
power generation from a 100 MW RCSCPP 
in the desert regions of Iran. There are 
several differences between this paper and 
the previous studies. Firstly, we develop a 
more comprehensive model than the ones 
built by others. Our model considers the 
benefit of carbon credits excluded by 
Schlaich and Bernardes, as well as the 
income tax cost omitted by Fluri et al., Zhou 
et al. and Cao et al. Secondly, we use risk-
adjusted discount rate method for the first 
time to discount net cash flow. Compared to 
conventional discount method employed by 
Fluri et al, Zhou et al., Cao et al. and so on, 
risk-adjusted discount rate method can 
consider the huge risk of RCSCPPs whose 
service period exceed 100 years. Thirdly, we 
consider an RCSCPP which can be used for 
120 years and divide the whole service 
periods into four phases to calculate total net 
present value of each phase. By doing so, we 
can compare RCSCPPs with coal-fired 
power plants which can usually serve 30 
years. Finally, unlike previous studies, we 
use elasticity method to make sensitivity 
analysis. Accordingly, we can see the 
responsiveness of total net present value to 
many parameters [2]. 

2. PERFORMANCE OF REINFORCED 
CONCRETE SCPP 

The working principle of SCPPs is simple: A 
huge chimney in an arid area with 
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sufficiently high solar irradiation is 
surrounded by a large glass roof, the 
collector. The warm air collected under the 
roof flows towards the chimney. There, on 
its way, it drives turbines connected to 
generators which create electric power.  

The high SCs for most commercial SCPP 
proposals were proposed to be built with 
reinforced concrete. The main advantage of 
RCSCPPs is that it has a long life span and 
can bring cash flows continually. Generally, 
RCSCPPs can be used for more than 100 
years. Since the floating chimneys of 
FSCPPs need to be replaced every once in a 
while, RCSCPPs are more economic 
compared to FSCPPs owing to much less 
maintenance required. 

An RCSCPP consists of three parts as shown 
in Fig. 3: chimney, collector and power 
conversion unit (PCU).  

 
Fig.3.Schematic diagram of a solar chimney 

power plant. 
 

The chimney is usually made of reinforced 
concrete. In order to improve the efficiency 
of SCPP, the chimney is needed to be as 
high as possible. With the development of 
construction technology, it is not very 
difficult to build more than 1000 m high 
chimneys. The collector is simply made up 

of collector cover, column system and 
support matrix. By and large, the collector 
cover is built with glass or plastic materials. 
The PCU includes turbines, generators, 
electronic control equipment and grid feed-
in apparatus [2]. 

3. THE MODEL 

3.1. Benefit analysis 

The benefits of an SCPP include two parts: 
the benefit of electricity sale and the 
additional benefit resulted from carbon 
credits because of lessening GHG emissions. 

 

3.1.1. Benefit of electricity sale 

The benefit of electricity sale depends on the 
price of solar electricity ( Ps ) and annual 

electricity output ( Es ). In order to promote 
the development of solar power plants, the 
government usua lly gives  economic 
incentives by setting higher sale price than 
the market level of solar electricity. And the 
price goes up with the constant inflation rate 
( θ ) every year. The electricity output is 
usually sold to the utility or used by the plant 
itself. Because the proportion of electricity 
used by the plant itself in the electricity 
output is very low, this paper supposes all 
the  e lec tr ici ty is  sold  to  the  ut il ity. 
Therefore, the benefit of electricity sale in 

th e  kth  ye ar  ( kBE )  c an  be  g iven  b y  

k k-1B =E .P (1+θ)s sE  (1) 

Where n represents the life span of the plant 
and k=1, ..., n [2]. 
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3.1.2. Benefit of carbon credits 

One main advantage of a solar power plant 
over a conventional coal-fired power plant is 
that it never releases greenhouse gases. The 
data published by China Development and 
Reform Commission shows that burning one 
ton of standard coal can approximately 
generate 3000 kW of electricity and release 
2.66–2.72 tons of carbon dioxide. Here takes 
the average value, namely 2.69. Then we can 
conclude the carbon dioxide released by 
coal-fired power plants is about 0.72 
kg/kWh. We suppose that the price of 
carbon credits       ( Pc ) annually increases 
with constant inflation rate (θ ). 
Consequently, the benefit resulted from 
cutting down emissions of carbon dioxide in 

the kth year kBC  can be expressed as [2]: 

   k-1kB = 0.72 E .P 1+θ
C s c

 (2) 

 
3.1.3. Total Benefits 

Total benefits of a solar power plant are the 
sum of the benefit of electricity sale and the 

benefit of carbon credits. Let kB   denote 
total benefits in the kth year, then [2] 

k k kB = B + BE C  (3) 

3.2. Cost analysis 

Total costs of an SCPP in the whole service 
consist of the principal and interest of loans 
in the repayment period, the operation and 
maintenance cost, and the tax cost. 

 
3.2.1. Initial investment 

Let Cc denote the initial investment cost 
during the construction period. Suppose that 
all the investment cost is borrowed from 
banks and the loans will be repaid in the mth 
year. In general, there are two means of 
repaying loans, namely matching interest 
repayment law and equal principal 
repayment method. The former allows 
borrowers to repay the same amount of loans 
every period. However, the latter demands 
that borrowers repay equal principal and 
different amount of interest every period. 
Because borrowers repay constant principal 
every period, the interest cost becomes less 
and less. For this reason, total interest cost of 
equal principal repayment method is less 
than that of matching interest repayment law. 
Zhou et al. [3] adopt matching interest 
repayment law to evaluate the cost of solar 
power plants. In order to reduce the interest 
cost, this paper uses equal principal 
repayment method. Therefore, the principal 

repaid in the ith year ( iCp) is given by: 

Ci cC =p m
 (4) 

And the debt after paying back the principal 

and interest in the ith year ( iCD ) becomes 

 i iC =C - i-1 Cc pD  (5) 

So the interest in the ith year ( iCl ) can be 

expressed as: 

i iC =C .rDl  (6) 

Where i=1, ..., m and r represents the interest 
rate of loans [2]. 
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3.2.2. Operation and maintenance cost 

The solar power plant need spend money to 
maintenance and repair the collector, 
chimney and PCU during the whole service 
period. All these costs are known as the 

operation and maintenance cost. Let 1Co
denote the operation and maintenance cost in 
the first year and suppose that the cost 
increases with the constant inflation rate ( θ ). 
Then the operation and maintenance cost in 
the kth year is given by 

 k-1k 1C =C 1+θo o  (7) 

Where k=1, ..., n [2]. 

3.2.3. Tax cost 

According to the tax law of China and Iran, 
depreciation and interest of loans can be 
excluded from the taxable benefit. In this 
work, the service period of the plant goes 
beyond 100 years. Therefore, the residual 
values approach zero when the plant comes 
to an end. In the case of proportional tax, it 
is favorable for the plant to use the 
accelerated depreciation method. Popular 
accelerated depreciation methods include the 
double-declining-balance method and the 
annual summation method of depreciation. 
Different from the depreciation method 
applied by Zhou et al. [3], this paper 
considers the latter. The depreciation rate in 
the kth year can be expressed as 

 
 

 
 

n - k - 1 2 n - k + 1kd = =
n n - 1 n n + 1

2

 
(8) 

Consequently, the depreciation expense in 
the kth year can be given by 

k kD =C .dc  (9) 

Let t and kCT denote the income tax rate and 
the tax cost in the kth year, respectively. 
Based on the above analysis, we have the 
following 

 k k k kC = B -C -D tT T l  (10) 

Where k=1, ..., n, and if k>m, then kC =0l  
[2]. 
3.2.4. Total cost  

Let kC  represent total costs of the solar 
power plant. Then 

k k k k kC =C +C +C +Cp o Tl  (11) 

Where k=1, ..., n, and if k>m, kC =0l  and 
kC =0p  [2]. 

 
3.3. Cost-benefit analysis 

In order to perform economic analysis of the 
solar power plant, it is necessary to discount 
the net cash flow of every year during the 
whole service period. Whether investment 
projects are profit-able partly depends on the 
choice of the discount rate. Zhou et al. [3] 
used the conventional discount method 
considering the inflation rate. One major 
shortcoming of this method is that it does 
not consider the risk of the project. In the 
light of huge risk of RCSCPPs whose 
service periods exceed 100 years, this work 
uses the risk-adjusted discount rate method 
(RADRM). By combining the net present 
value method with the capital asset pricing 
model, the RADRM adjusts the standard 
discount rate in term of the degree of risk. 
Let μ , b and Q denote the risk free discount 
rate, the risk return rate and the risk degree, 
respectively. Then the risk-adjusted discount 
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rate ( ρ ) can be expressed as [2] 

ρ=μ+bQ  (12) 

Where b is calculated by the difference 
between the investment return rate 
demanded by the project and the minimum 
return rate dividing the coefficient of 
medium risk, and Q is measured by the 
standard deviation of present value dividing 
total present value of benefits during the 
whole service period. Thus, the net present 
value (NPV) of RCSCPPs in the kth year can 
be given by [2] 

 

k kB - CkN P V = k
1 + ρ

 
(13) 

Accordingly, total NPV(TNPV) becomes[2] 
n kT N P V = N P V

k = 1
  (14) 

4. COST ESTIMATION OF AN RCSCPP 
BUILT IN THE DESERT REGIONS OF 

IRAN 

Solar radiation varies in different parts of the 
world and in the sun belt of the earth is 
highest. Iran is located in areas of the High 
radiation and Studies show that the use of 
solar equipment in Iran is suitable and may 
provide part of the energy needed. Iran is a 
country which according to specialists wit 
more than two-thirds of its 300 days of 
sunshine and an average exposure of 4.5 - 

5.5 kWh/ 2m  per day, one of the countries 
with high potential in solar energy has been 
introduced. Some Solar experts step further 
and claim that the desert regions of Iran if 
fitted to the radiant energy system can 
satisfy the energy needed of a wide range of 
regional as well and be active in exporting 

electricity. So the SCPP system has large 
potential of application in the desert  regions 
of Iran [4]. This paper considers a 100 MW 
RCSCPP whose dimension (chimney height 
is 1000 m, chimney diameter is 110 m and 
collector diameter is 4300 m) is similar to 
the configuration Weibing Li et al [2]. 
 

4.1. Initial investment estimation 

Total initial investment of the RCSCPP 
consists of the investment on the collector, 
chimney and PCU. 
 
4.1.1. Cost of the collector 

The collector consists of transparent roof, 
column system and support matrix. Glass or 
plastic film is often used as collector cover 
material. Schlaich et al. and Bernardes 
evaluated the cost of different solar power 
plants which have plastic roofs. In 
comparison with a glass cover, a plastic film 
is easily age and readily destroyed in terrible 
environment. Here considers a glass cover. 
The collector cost includes the cost of 
materials, transportation cost and 
construction cost. In the estimation by 
Weibing Li et al. [2], construction cost and 
transportation cost were 20% and 2% of the 
cost of materials, respectively. This work 
employs the same in Iran. The prices of steel 
and 4 mm thick tempered glass are 23 

million Rials/t and 185000 Rials/ 2m , 
respectively. Here neglects the land cost 
because solar power plants are usually built 
in the vast wastelands or mountainous 
regions. Based on the estimation by Li et al. 
[2], we can easily calculate the cost of the 
collector presented in Table 1. 
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4.1.2. Chimney cost 

The chimney cost consists of the cost of 
materials, construction cost, transportation 
cost and hoisting cost. Considering the 
height of the chimney and the weather 
conditions, here supposes the chimney is 
built with the high performance concrete 

(C80) whose price is 4.3 million Rials / 3m . 

The price of the reinforcement used in the 
plant is 23 million Rials/t and every cubic 
meter needs 120 kg of reinforcements. The 
construction cost including the concrete 
cover and labor cost is assumed 10 million 

Rials / 3m   . The material hoisting cost of 
the high chimney is assumed to be 20% of 

the concrete and ring stiffener costs, 
excluding the transport cost. Based on the 
analysis of Weibing Li et al. [2] and the 
relevant prices in Iran, the cost of the 
chimney can be estimated in Table 2. 
4.1.3. PCU cost 
The PCU includes turbines, generators, 
electronic control equipments, grid-in 
apparatus and power plant infrastructure. At 
present, unit power investment of PCU is 
about 48 million Rials /kW. With a peak 
power of 66 MW this equals a total cost of 
3168 milliard Rials for the PCU, which 
based on the analysis of Weibing Li et al. [2]  
unit equipment and infrastructure account 
for 75% and 20%, respectively. Table 3 
presents the corresponding results. 

 
Table 1. Cost of the collector (milliard Rials). 

Component Material cost 
Construction 

cost Transportation cost Total cost 

Glass 2686.57 537.31 53.73 3277.61 

Column system 477.17 95.43 9.54 582.14 

Support matrix 7015.91 1403.18 140.32 8559.41 

Collector 10179.65 2035.92 203.59 12419.16 
 

Table 2. Cost of the chimney (milliard Rials). 

Component Material cost 
Construction 

cost 
Hoisting cost 

Transportation 

cost 
Total cost 

Chimney shell 1188.38 1683.25 574.33 23.77 3469.73 

Ring stiffeners 118.47 23.70 23.70 2.37 168.24 

Chimney foundation 449.41 636.55 0.00 8.99 1094.95 

Chimney 1756.26 2343.50 598.03 35.13 4732.92 
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Table 3. Cost of the PCU (milliard Rials). 

Component Unit equipment Infrastructure Others Total 

Cost 2376 634 158 3168 

 
 

Table 4. Cost structure of initial investment 

Component Cost (milliard Rials) Percent of total cost (%) 

Collector 12419.16 61.12 

Chimney 4732.92 23.29 

PCU 3168 15.60 

Total 20320.1 - 

 
 

Table.5.Values of economic parameters used in carrying out cost-benefit analysis. 

Economic parameter Value 

Inflation rate, θ  20% 

Interest rate of loans, r 4% 

Income tax rate, t 25% 

Repayment period of loans, m 30 years 

The whole service period, n 120 years 

Initial investment, Cc  20320.1 milliard Rials 

Annual electricity output, Es  255.2 GW h/a 

Solar electricity sale price, Ps  6900 Rials/kW h 

Price of carbon credit, Pc  284900 Rials/t 

Risk free discount rate, μ  8% 
Risk-adjusted discount rate, ρ   28.52% 
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4.1.4. Total investment 
On the basis of the above analysis, total 
investment of the RCSCPP considered in 
this work amounts to 20320.1 milliard Rials, 
largely made up by the collector (61.12%) 
and the chimney (23.29%). The PCU makes 
a minor contribution (15.60%). Table 4 
displays the cost of each component and its 
proportion of totalcost. 
 
4.2. Operation and maintenance cost 
Weibing Li et al. [2] specified the operation 
and maintenance cost of a 100 MW 
RCSCPP to be 1.9 million Euros in the first 
year of operation. Similar with Li et  al., this 
paper employs the cost of 1.9 million Euros, 
namely 70.3 milliard Rials and supposes this 
cost increases with inflation rate. 

 

5. COST-BENEFIT ANALYSIS OF THE 
RCSCPP BUILT IN THE DESERT 

REGIONS OF IRAN 

5.1. Parameter value 

The cost and benefit of the RCSCPP are 
determined by many parameters, including 
the inflation rate, the interest rate of loans, 
the income tax rate, the life span, the initial 
investment, the operation and maintenance 
cost and so on. Iran’s average inflation rate 
in recent 10 years is about 20%. Therefore, 
this work takes 20% of inflation rate. Also 
here supposes that the RCSCPP can get a 
4% interest rate loan whose repayment 
period is 30 years. Similar with Weibing Li 
et al. [2], this paper supposes the RCSCPP is 
legal entity to an income tax rate of 25% 
according to article 105 of Iran's direct taxes 
(income tax for legal entities) [5]. The base 

rate approved by the Ministry of Energy to 
buy electricity from renewable power plants 
in 1393 under Article 4, paragraph B of 
Article 133 of the law of the Fifth 
Development Plan of the Islamic Republic 
of Iran (Act No. 100/37732 dated 91/05/08 
Economic Council) determined the 
equivalent of  4628 Rials per kWh [4]. This 
paper will calculate the NPV of the RCSCPP 
according to the price of 6900 Rials/kW h. 
Similar with Weibing Li et al. [2], here takes 
a electricity output of 320      GW h/a. 
The minimum attractive rate of return 
(MARR) of the solar power industry is 
usually 8% [2]. Here supposes that the risk 
free discount rate ( ) is equal to MARR. 
When the price of solar electricity ( ) is set 
to 6900 Rials/kW h, it is easy to calculate 
the present value of benefits during the 
whole service period and its combined 
standard deviation, respectively 8845.73 and 
22689.31 milliard Rials. Accordingly, the 
risk degree (Q) is 2.565. If the investment 
return rate demanded by the RCSCPP is set 
to 12%, and the coefficient of medium risk is 
0.5, then the risk return rate (b) amounts to 
0.08. Using Eq. (12), we can get the 28.52% 
of the risk-adjusted discount rate ( ). At 
present, the price of carbon credits pre tone 
is 7.7 Euros, namely 284900 Rials [2]. In the 
light of the above references and analysis, 
the values of economic parameters used in 
carrying out cost-benefit analysis are given 
in Table 5. 

5.2. Cost-benefit analysis 

Based on the economic model developed in 
this paper and relevant data, the detailed cost 
and benefit of the 100 MW RCSCPP are 
presented in Table 6. Conventional coal-
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fired power plants are assumed to serve 30 
years. To compare with coal-fired power 
plants, the whole service period of the 
RCSCPP is divided into four phases and 
TNPV of each phase is calculated and shown 
in Table 6. Because of the influence of the 
discount rate, TNPV decreases from 7775.1 
milliard Rials in the first phase to 27.52 
milliard Rials in the last phase. It is 
necessary to evaluate TNPV of the RCSCPP 
excluding the benefit of carbon credits. From 
Table 7,it can be seen that if the benefit of 
carbon credits is not included in the total 
benefit, TNPV will decrease from 9704.34 
to 9243.65 milliard Rials, namely a 4.7% 
drops. The reason why the benefit of carbon 
credits has little influence on the TNPV is 
because the price of carbon credit is too low 
at present. TNPV estimated here shows the 
RCSCPP is economical under the strict 
assumptions.  

price can reflect the advantages of the 
RCSCPP over coal-fired power plants. By 
analyzing the cost and benefit of the 
RCSCPP, we can derive the minimum solar 
electricity sale price which can make TNPV 
of the RCSCPP equal zero. 

Table 7. TNPV of different phase (milliard Rials). 

 

The service period of the RCSCPP is three 
times longer than that of coal-fired power 
plants. For this reason, one RCSCPP is 
equivalent to four coal-fired power plants. 
After the RCSCPP pays off the loans in the 
first phase, it only incurs the operation and 
maintenance cost, depreciation cost and tax 
cost which are very low. At the same time, 
when a coal-fired power plant comes to an 
end after 30 years, there is a need to invest 
again to build a new plant which costs a lot. 
Under the circumstances, RCSCPPs can 
show huge advantages over coal-fired power 
plants. Applying similar method, we can 
calculate the minimum electricity sale prices 
of each phase which are displayed in Table 
8. Table 8 shows the minimum electricity 
sale price in the whole service period is 2579 
Rials/kW h if the benefit of carbon credits is 
included in thewhole benefits. Even though 
the benefit of carbon credits is excluded, the 
minimum price is still 2784 Rials/kW h. 
Both of the minimum prices are less than on-
grid price of solar renewable power 
generation (4628 Rials/kW h), which shows 
the electricity from RCSCPPs is competitive 
with solar renewable power generation. The 
minimum electricity sale price of the first 
phase (2932 or 3137 Rials/kW h) is very 
close to 4628 Rials/kW h whether the benefit 
of carbon credits is included or not. The 
price maybe exceed the current market price 
of electricity (560 Rials/kW h), but if 
looking at the minimum price of the other 
phases, we will find that it (below 368 
Rials/kW h) is far less than the current 
market price. 
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Table 8. Minimum electricity sale price of each 
phase (milliard Rials). 

 

The above analysis indicates that the huge 
advantages of the RCSCPP over coal-fired 
power plants can be embodied in phase 2–4. 
The reason is that the RCSCPP need not 
make initial investment after the end of 
phase 1 and only incurs a low cost, but coal-
fired power plants need cost a lot to invest 
again so as to build a new plant after 30 
years. The above estimation is based on a 
very low price of carbon credits. We expect 
the price of carbon credits will rise rapidly in 
the future, thus the competitiveness of 
RCSCPPs with coal-fired power plants will 
be more and more remarkable. 
From Table 8, we also find that the 
minimum electricity price during the whole 
service period is very close to that of   phase 
1. The reason is that the RCSCPP need 
additional cost to repay huge loans in the 
first phase, but only incur a low cost in other 
phases. This analysis suggests that the 
government should set a higher price than 
the market electricity price for the RCSCPP 
in the first phase, but appropriately lower the 
price in other phases. 

5.3. Sensitivity analysis 

It can be seen from the above analysis that 
many parameters have effects on TNPV of 
the RCSCPP, such as the price of solar 
electricity, the price of carbon credits, the 
inflation rate, the interest rate of loans, and 
the income tax rate. To examine the effect of 
a certain parameter on TNPV, we will 
estimate TNPV by changing the value of one 
parameter in turn and keeping the values of 
other parameters unchanged. 

 

5.3.1. Effect of the solar electricity price on 
TNPV 

TNPV displayed in Table 6 is calculated at 
the solar electricity price of 6900 Rials/kW 
h. To make a sensitivity analysis, here 
supposes the maximum price of solar power 
electricity is 25 times as the market price of 
electricity (560 Rials/kW h) in Iran, namely 
14000 Rials/kW h. Fig. 4 presents the 
computing result when the price ranges from 
4628 to 14000 Rials/kW h. 
 

From Fig. 4, it can be seen that a 103% 
increase in the price of electricity (from 
6900 to 14000 Rials/kW h) causes TNPV 
during the whole service period to increase 
by 164.3% (from 9704.34 to 25650.1 
milliard Rials). We can calculate the 
electricity price elasticity of TNPV is 1.59. 
This elasticity is greater than 1, so that 
TNPV responds substantially to changes in 
the price. To put it different, a slight change 
in the solar electricity price will lead to a big 
change in the TNPV. 
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Fig. 4. Relation between TNPV with the solar electricity price. 

 

 
Fig. 5. Relation between TNPV with the prices of carbon credits 
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5.3.2. Effect of the price of carbon credits on 
TNPV 

Faced with the reduction of the price of 
carbon credits, the European Union started 
to take measures to reduce the supply of 
carbon emission permit. A report issued by 
European Commission predicts that the price 
of carbon credits during 2013–2020 will 
reach 30 Euros/t (namely 1200000 Rials/t). 
Seeing that the European carbon trading 
volume accounts for more than 85%of 
global carbon trading volume, this work uses 
this price to make sensitivity analysis. Fig. 5 
shows the corresponding result under the 
condition that the price of carbon credits 
ranges from 200000 to 1200000 Rials/t.As 
can be seen from Fig. 5, a 140% increase in 
the price of carbon credits (from 500000 to 
1200000 Rials/t) gives rise to a 11.26% 
increase in TNPV (from 10052.17 to 
11184.09 milliard Rials), which means a 
carbon credits price elasticity of TNPV of 
0.08. This elasticity is far less than 1, thus 
TNPV responds only slightly to changes in 
the price of carbon credits. In other words, a 
big change in the price of carbon credits 
only result in a slight change in TNPV. 

 
5.3.3. Effect of income tax rate on TNPV 

The income tax rate of an individual in 
article 131 of direct taxes in Iran (income tax 
of businesses) is to 35%. In the previous 
analysis, we suppose the RCSCPP is 
regarded as a legal entity and taxed 
according to the income tax rate of 25%. 
Using the model developed earlier, we can 
calculate TNPV at the two income tax rates 
(Table 9). Table 9 shows TNPV decreases 

with increases in the income tax rate because 
the tax is one cost of the RCSCPP. The 
income tax rate elasticity of TNPV is -0.45, 
which means a big increase in the income 
tax rate only leads to a small decrease in 
TNPV. 

 

5.3.4. Effects of inflation rate and interest 
rate of loans on TNPV 

This work supposes the values of many 
parameters increase with the inflation rate. 
So TNPV will increase with the inflation 
rate. Fig. 6 depicts the relation between 
TNPV during the whole service period with 
the inflation rate from 10% to 35%. The 
interest rate is the opportunity cost of loans. 
The annual interest payment of loans 
depends on the interest rate. Therefore, 
TNPV will decrease with the increase in the 
interest rate of loans in theory. Fig. 7 
displays the variations of TNPV during the 
whole service period with different interest 
rates from 1% to 9%. Fig. 6 shows that 
TNPV is very sensitive to the change of 
inflation rates. For example, TNPV increases 
from 2378.4 to 90111.42 milliard Rials with 
increase in the inflation rate from 12% to 
28% which means an elasticity of 27.67. 
Meanwhile Fig. 7 shows that TNPV 
responds only slightly to changes in the 
interest rate of loans, which can be proved 
by the fact that TNPV decreases from 
10176.29 to 8760.46 milliard Rials with 
increase in the interest rate of loans from 3% 
to 6%.  
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Table 9. TNPV during the whole service period at different income tax rates. 

 

 
Fig. 5. Relation between TNPV with the prices of carbon credits. 

 

 

Fig. 6. Relation between TNPV with the inflation rate. 
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Fig. 7. Relation between TNPV with the interest rate. 

 

 

6. CONCLUSIONS 

This paper develops an economic model to 
analyze the cost-benefit of the RCSCPP built 
in the desert regions of Iran. The model uses 
risk-adjusted discount rate method which 
considers the huge risk of SCPPs. Another 
feature of this model is that it applies equal 
principal repayment method which can save 
the interest cost, but existing studies usually 
use annuity method. In addition, this model 
considers the annual summation method of 
depreciation which is different from existing 
studies. The initial investment estimated in 
this paper is 20320.1 milliard Rials. Based 
on the model presented in this work, we 
calculate that TNPV during the whole 
service period is 9704.34 milliard Rials 
under some assumptions on parameter 

values including loans at an interest rate of 
4%, an income tax rate of 25%, and 
collection of additional benefit generated 
from carbon credits. By dividing the whole 
service period into four phases and 
calculating the minimum price of electricity, 
we find the minimum price of phase 1 is 
very close to 4628 Rials/kW h which is 
higher than the current market price of 
electricity. But if looking at the minimum 
price of the other phases, we become aware 
of that it is below 368 Rials/kW h which is 
far lower than the price of coal-fired power 
generation. The analysis predicts that huge 
advantages of the RCSCPP over coal-fired 
power plants can be embodied in the phase 
2–4. The policy implication here is that the 
government should provide subsidy for 
RCSCPPs by setting higher electricity price 
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in the first phase, then lower electricity price 
in the other phases. By sensitivity analysis, 
this paper discovers TNPV is very sensitive 
to changes in the electricity sale price and 
inflation rate, but responds only slightly to 
changes in carbon credits price, income tax 
rate and interest rate of loans. The cost-
benefit analysis of the RCSCPP built in the 
desert regions of Iran shows that the 
RCSCPP has very good application 
prospect. 
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Table 6. Detailed cost and benefit of the RCSCPP (milliard Rials). 

 

 



Journal of Artificial Intelligence in Electrical Engineering, Vol. 3, No. 12, March   2015 
  

43 
 

Table 6 (continued). Detailed cost and benefit of the RCSCPP (milliard Rials). 

 
 


