
Gujarat Solar Power Transmission Project (RRP IND 44431) 
 

ECONOMIC ANALYSIS 
 
A. Economic Rationale 
 
1. The Asian Development Bank (ADB) supported the Gujarat electricity sector to 
successfully address issues related to nonmarket failure through the Gujarat Power Sector 
Development Project and other technical assistance initiatives. This focused on instituting sector 
reforms, and led to strengthening institutional efficiencies and addressing issues related to 
nonmarket failure. The proposed project supports the Gujarat power subsector contribute to 
addressing market failures with respect to solar energy in the state. 
 
2. Market failure is evident in the “missing market” for solar generation capacity despite its 
optimum conditions when compared to conventional generation. Firstly, solar technology has 
several features that endow it with high costs that act as barriers to private sector entry into the 
solar-generated electricity market. While high, albeit declining, costs may play some part; other 
factors include issues such as the high risks associated with larger-scale application of a 
relatively new technology; the high initial investments required; longer-term gestation periods for 
investments; limited assessment of on ground resource potential, lack of trained human 
resources, and under developed supply chains. In addition, new power transmission links to 
areas of optimal solar generation are relatively costly and characterized by high excludability. All 
this ensures that the value of electricity generated from solar is lower than the costs of 
mechanisms required for the creation of a solar market.  
 
3. A second market failure is that the environmental externalities associated with 
conventional power generation are not reflected in the market given the lack of property rights to 
clean air and the ensuing free-rider problem. The externality of local air pollution—from coal 
plant emissions—is “public” in consumption and often difficult to attribute and regulate given the 
numerous point and nonpoint sources across sectors. The impact of air pollution is felt almost 
equally by many, necessitating public sector intervention to internalize this particular externality.  
Strengthening the mix of renewable power sources, including solar, in the electricity generation 
mix will assist Gujarat in meeting its rising demand for electricity, while addressing this 
externality. 
 
4. Providing support for increasing solar capacity at this juncture is appropriate, given that it 
will over time, lead to significant lessons and positioning given the declining cost of solar 
technology. The role of the public sector is to take a longer-term view in making what would be 
otherwise financially unviable investments. It can also play an effective role in lowering 
transaction costs associated with solar generation, and in leveraging economies of scale for 
example by enabling access and use of land by the private sector. Private sector participation 
ensures lesson and knowledge sharing will allow Gujarat to benefit from this first phase in 
furthering its solar capacity given its significant potential. 
 
B. Project Alternatives and Least-Cost Analysis  
 
5. The project alternatives considered are based on what would have taken place in 
Gujarat electricity generation without the project. The without-project scenarios, by definition, 
the least-cost mutually exclusive alternative of producing the same amount of electricity, i.e., 
800 million kilowatt-hours (kWh) per annum. The with- and without-project perspectives are 
distinct from a delayed project scenario, as well as a before and after perspective.  
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6. The choice of selecting the technology to add additional power capacity—to meet 
continued rising electricity demand in a currently marginally surplus electricity-generating supply 
system—is assumed to depend entirely on financial cost considerations, other things being 
equal. The least-cost alternative to producing relatively expensive solar-generated power is 
washed local coal-generated power. For simplicity in estimating relatively comparable 
transmission-related costs, the coal plant is assumed to be located at the same site as the 
Charanka solar park, Gujarat. Thus, the with-project scenario is solar photovoltaic, and the 
without-project scenario is local washed coal-based electricity generation. The solar park has a 
capacity of 500 MW and the coal plant has a capacity of 140 MW; both would produce  
800 million kWh of electricity at full operation annually over a 25-year period.  
 
C. Cost–Benefit Analysis 
 
7. The economic analysis model uses an aggregate approach with a view to highlighting 
the overall welfare implications of producing electricity in Gujarat state. Costs and benefits were 
aggregated, without taxes and other distortions, for all scenarios. Costs are converted using the 
general conversion factor 0.96. 
 
8. Several assumptions were made in undertaking the economic analysis of with- and 
without-project electricity production in Gujarat. These are detailed in summary table format for 
the solar and coal generation scenarios available in the Supplementary Appendix on economic 
analysis. All economic costs and benefits are in January 2011 prices, and in Indian rupees; the 
dollar to Indian rupee exchange rate is assumed to be $1:Rs45.   
 
9. The model, assumed to be for Gujarat state, includes with- and without-project scenarios 
where electricity of 800 million KWh is generated for continually increasing state needs, and to 
meet the requirements of the minimum renewable energy (including solar) capacity.   
 
10. The project costs include the cost of solar park development, cost of power generation 
and the cost of an ADB-funded transmission line. In the solar base case, costs occur in the first 
6 years. The conventional benefits of solar power are estimated assuming that the consumption 
of power increases as income increases. The benefits are estimated as the area under the 
demand curve, i.e., revenue plus the consumer surplus. The consumer surplus is estimated 
using estimated price elasticity1 for India from published sources. The following formula is used 
for estimating the consumer surplus: 
 CS = 0.5[P1(∇Q)2]/[edQ1] 
 Where, 
 CS = consumer surplus, Rs  
 P1  = retail price of electricity, Rs 
 ∇Q = project output, KWh 
 Q1 = current consumption of electricity, KWh 
 
11. In addition to the described consumer benefits, solar power provides local environmental 
benefits from the avoided costs of local air pollution associated with coal-based electricity 
generation. Benefit transfer values are used in estimating these costs with care taken to use 
values for benefits from relatively similar contexts as much as possible. While there is an 
extensive literature valuing morbidity and mortality damage costs for local air pollution, the 
analysis uses benefit values pertaining to Indian coal power plant emissions (and from relatively 
                                                        
1  M. Filippini and S. Pachauri. 2004. Elasticities of Electricity Demand in Urban Indian Households. Energy Policy  

32:429–36. 
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comparably sized 210 MW plants).2 Solar power also avoids carbon emissions. The most 
straightforward way to use the prevented climate change benefits is to use potential clean 
development mechanism (CDM) benefits. In the case of estimating the actual quantity of 
avoided carbon emissions, an emissions factor recommended by India’s Central Electricity 
Authority3 is used. Given the large uncertainty regarding the continuation of CDM, a 
conservative value of $5 per ton was used as the CDM price. The use of global environment 
benefits is included in the base case along with the local environment benefits and consumer 
benefits.  
 
12. These local and global environment benefits, when taken as a proportion of the total 
benefits, do not dominate the benefit stream over the project period. In comparison to the net 
present value of consumer benefits, the net present value for local and global environmental 
benefits are much smaller. For example, as can be viewed in the annual benefit streams 
associated with all three solar benefits, consumer benefits (81%) are the most significant, 
followed by local environment benefits (about 16%), and global CDM benefits (3%). If only these 
three are considered in the analysis, the project does not provide an acceptable return (Table1).  
 

Table 1: Results of Cost Benefit Analysis 

Scenario  EIRR NPV (Rs million) 

Base Case Solar (consumer benefits [(B1] only)   (65,997.49) 

Base Case Solar (B1 + benefits of avoided local air 
pollution [B2])  (63,234.31) 

Base Case Solar (B1+B2 + CDM benefits (B3)  (62,268.87) 

Base Case Solar (B1+B2 + average REC price) 13.4% 2,257.19 
( ) = negative value, CDM = clean development mechanism, EIRR = economic internal rate of return, NPV 
= net present value, REC = renewable energy certificate. 
Source: Asian Development Bank estimates 

 
13. In comparing the added impact of environmental benefits on the economic internal rate 
of return (EIRR) and net present value (NPV), marginal differences are found in the EIRR and 
NPV (at a discount rate of 12%) (Table 1). Solar power policies are implemented in many 
countries assuming that avoided climate change benefits justify their high costs. The relatively 
smaller benefits of CDM do not justify the solar project. Our switching value analysis shows that 
a pricing of about $300 per ton for carbon is required to produce a 12% EIRR for this project. 
 
14.  In India, the National Solar Mission supports solar energy and requires states to have 
their own targets of solar power generation. In Gujarat the target is set at 1% of generation in 
2012/13. If a state fails to achieve its target, it should purchase a renewable energy certificate 
(REC) to meet the requirement. The REC certificate price is determined in a market auction 
process subject to the lower and upper bound prices of Rs12 and Rs17 per kWh. The REC 
program creates a market for solar power enabling the private sector to generate solar power. 
Without the REC system, the market for solar power is missing. This is similar to a tradable 
permit system and therefore an effective way to internalize climate change externalities. While 
the collected revenue (in the case of noncompliance) will be a transfer payment, the REC 

                                                        
2 S. C. Bhattacharyya. 1997. An Estimation of Environmental Costs of Coal-Based Thermal Power Generation in 

India. International Journal of Energy Research 21: 289-98. 
3 Central Electricity Authority. http://www.cea.nic.in/reports/planning/cdm_co2/cdm_co2.htm 
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internalizes an externality and changes the behavior to generate solar power-producing climate 
benefits. Therefore the REC price is a reasonable proxy for climate change benefits of a solar 
power project. In the base case the analysis uses the average REC price (Rs14.5), which 
generates an EIRR of 13.4%. 
 
15. Sensitivity analysis was undertaken considering relevant risk parameters (Table 2). 
Escalation of cost by 10% will make the project NPV negative. Similarly, a delay in project 
implementation makes the project economically unattractive. Therefore, project implementation 
should ensure that there are no delays and cost escalations. Project benefits are also sensitive 
to the REC price. The lower boundary REC price is not adequate to generate adequate project 
returns. If the realized REC price is Rs17/kWh, the project returns become more attractive.   
 

Table 2: Results of Sensitivity Analysis 
 

Sensitivity Parameter EIRR NPV (Rs million) 
1. Base case 13.4% 2,257.19 
2. 10% cost increase 11.5% (5,932.43) 
3. Delay in project benefits by 1 year 11.0% (7,991.08) 
4. REC price, Rs12 per kWh 11.0% (9,034.45) 
5. REC price, Rs17 per kWh 16.0% 13548.82 

( ) = negative value, EIRR = economic internal rate of return, NPV = net present value, REC = renewable   energy 
certificate              . 

Source: Asian Development Bank estimates 
 
D. Conclusions 
 
16. Solar power does not generate adequate economic benefits to justify the costs in 
absence of additional regulatory measures with current technology. Incorporation of local 
environment benefits (and CDM benefits) does not make a big difference. However, the solar 
certificate (under the REC program) in India adds additional costs to alternatives such as coal 
power, when the minimum solar generation is not complied with. Once this additional cost is 
incorporated into the analysis, solar power provides adequate benefits to justify the costs. The 
sensitivity results illustrate that project returns are sensitive to cost escalation and delay in 
delivering project benefits (Table 2). Therefore project implementation should give due 
consideration to these factors. The project is economically viable when the REC price is 
adequately high. The results clearly show the importance of solar technology improvements for 
cost reductions.  
 
 




