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ECONOMIC ANALYSIS: TRANCHE 1 OF THE INVESTMENT PROGRAM 
 

A. Introduction   
 

1. The economic analysis of Tranche 1 of the Second Power Transmission Enhancement 
Investment Program was conducted following the Guidelines for Economic Analysis of Projects 
of the Asian Development Bank (ADB). The analytical framework was carried out from the 
country viewpoint. The analysis assessed the benefits and costs of the project by comparing 
with- and without-project scenarios. Sensitivity analysis examined the robustness of the project 
against cost increases, benefit reduction, and completion delay.  
 
2. The project aims to prepare priority substations for N-1 contingencies1 to avoid potential 
large-scale blackouts as well as transmission capacity increase. It consists of six subprojects:  

(i) Extension of Sahiwal 500 kilovolt (kV) substation (installation of a 600 megavolt 
ampere [MVA] transformer and associated equipment); 

(ii) Extension of Lahore South 500 kV substation (installation of one 750 MVA 
transformer, two 500 kV line bays, and associated equipment); 

(iii) Rehabilitation of 11 grid stations in the southern parts of the National 
Transmission and Despatch Company (NTDC) system (installation of a shunt 
reactor and additional protection equipment); 

(iv) Extension of Faisalabad West 500 kV substation (30 kilometers [km] of 500 kV 
double-circuit transmission lines in/out of the 500 kV Multan–Gatti transmission 
line at 500 kV Faisalabad West, 80 km of 220 kV double-circuit transmission line 
to Lalian New substation, two 500 kV line bays and two 220 kV line bays at 
Faisalabad West, and two 220 kV line bays at Lalian); 

(v) Extension and augmentation of Rewat 500 kV substation (replacement of one 
existing 160 MVA transformer with 250 MVA, one additional 250 MVA 
transformer, and associated equipment); and 

(vi) Power dispersal of Guddu (installation of about 280 km of 500 kV transmission 
lines between D.G. Khan and Multan substations and between Guddu New and 
Muzaffargarh).2  

 
3. The NTDC, a 100% state-owned electricity transmission company, is the project’s 
executing agency. The project is expected to be completed by 2020, and operation and 
maintenance (O&M) will also commence from 2020. 
 

B. Sector Overview 
 

4. Pakistan’s total installed generation capacity was 24,375 megawatts (MW) as of June 
2014. However, the available capacity was reported to be 18,121 MW and peak demand was 
23,044 MW in 2014. The electricity generation mix in 2014 consisted of thermal (64.3%), 
hydropower (30.8%), nuclear (4.3%), and imports and wind (0.7%).3 Heavy reliance on fuel oil, 
combined with a shortage of inexpensive domestic gas supply, has increased the cost of 
generation significantly. The lack of capacity and reliance on expensive fuels have led to a 
significant shortage of power supply in Pakistan. 

                                                
1
  N-1 contingency in the electricity network management indicates a failure of one component in the network. N-1 

contingency preparedness allows the network to operate even in the case of a failure of a major component in the 
system, which in this case is mainly a transformer at project substations.  

2
  This project only finances the installation work. Transmission lines and other equipment were purchased under a 

previous loan ADB. 2014. Report and Recommendation of the President to the Board of Directors: Proposed 
Multitranche Financing Facility to the Government of Pakistan for the Power Transmission Enhancement 
Investment Program Tranche 4 (Loan 3203-PAK). Manila. 

3
  National Electric Power Regulatory Authority (NEPRA). 2015. State of Industry Report 2014. Islamabad. 

http://www.adb.org/Documents/RRPs/?id=48078-002-3


2 
 

 
5. The government has not passed on the full cost of electricity to consumers for 
sociopolitical reasons. The National Electric Power Regulatory Authority (NEPRA) determines 
end-consumer tariffs based on targets for system losses and collection rates. After NEPRA’s 
determination, the government notifies end-consumer tariffs, which are lower than NEPRA 
determined tariffs. The government provides subsidies to distribution companies (DISCOs) to fill 
the gap between the NEPRA and government determined tariffs. The NEPRA-determined 
consumer tariffs also understate system losses and overstate revenue collection rates, widening 
the gap between actual cost and end-consumer tariffs. 

 
6. The tariff structure has led to insufficient payments at every level of power generation, 
transmission, and distribution; and insufficient infrastructure investment to improve sector 
performance. Furthermore, when power producers receive insufficient funds, they are unable to 
secure sufficient fuel to sustain a stable supply. Because of the lack of capacity and funds, 
Pakistani consumers face routine load shedding of up to 8–10 hours per day in urban areas and           
18–20 hours per day in rural areas (footnote 3).  
 
7. While the sector struggles to tackle technical and financial issues, the NTDC forecasts 
the electricity demand growth rate in Pakistan will still average 6.14% up to 2035. The high and 
growing demand makes the NTDC’s transmission network constantly overloaded, without 
sufficient margin to prepare for accidents. The overloaded transmission system cannot provide 
the quality and reliability of supply required under the national grid code, resulting in major 
blackouts.4 Expansion of the network to withstand such pressures from demand and potential 
accidents is an urgent task for the Pakistan electricity sector as a whole.  
 

C. Method and Approach 
 

8. The economic analysis for the project was carried out for each subproject separately. 
The sum of costs and benefits for all subprojects was used for the total project-level analysis. 
The result of the total project-level economic analysis is presented. The analysis is conducted 
for 45 years, the estimated lifetime of the new assets, based on the comparison of without- and 
with-project cases. In the without-project case, Sahiwal and Lahore South substations are 
expected to be able to carry the growing load. They will not, however, satisfy N-1 contingency 
requirements, exposing the system to risks of potential large-scale blackouts. Faisalabad West 
(in connection with the nearby Gatti substation) and Rewat are estimated not only to lack N-1 
contingency preparedness but also the capacity to take the estimated load in the future.  
 

1. Least-Cost Approach 
 

9. A detailed feasibility study was completed for each subproject, including a comparison of 
alternative solutions. The least-cost solution based on fit-for-purpose compatibility with the 
existing transmission system, location, scale, and timing was completed. The specification of 
the project components has been selected to minimize the cost through competitive processes 
to meet the minimum requirements for the project. 
 

2. Economic Costs 
 

10. The project cost estimates are based on 2016 constant values. The project financial 
investment costs are converted into economic costs by applying a shadow exchange rate of 
1.11 to the traded goods components and a conversion factor of 0.77 to the unskilled labor 

                                                
4
 National Electric Power Regulatory Authority. 2015. Performance Evaluation Report. Islamabad. 
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portion of the local currency costs.5 The major difference between economic and financial costs 
is the exclusion of taxes and duties and price contingencies in economic costs. The NTDC’s key 
cost items are expected from the items below.  

 
11. Capital expenditures for the project. The major costs come from (i) installation of a 
600 MVA transformer and associated equipment at Sahiwal 500 kV substation; (ii) installation of 
one 750 MVA transformer, two 500 kV line bays, and associated equipment at Lahore South 
500 kV substation; (iii) installation of a shunt reactor, additional protection equipment, and 
associated equipment at 11 grid stations in the southern NTDC system; (iv) 30 km of 500 kV 
double-circuit transmission lines in/out of the 500 kV Multan–Gatti transmission line at 500 kV 
Faisalabad West and 80 km of 220 kV double-circuit transmission line from Faisalabad West to 
Lalian New substation along with two 500 kV line bays and four 220 kV line bays; (v) 
equipment6 and installation of about 280 km of 500 kV transmission lines between D.G. Khan 
and Multan substations and between Guddu New and Muzaffargarh substations; (vi) consulting 
services (including training); and (vii) physical contingencies. 

 
12. Incremental operation and maintenance costs. Since most of the subprojects will 
install additional equipment like transformers, additional O&M costs will be incurred for the new 
equipment. One and a half percent of the capital cost is used as an estimate of the O&M cost 
for the analysis. 
 

3. Economic Benefits 
 

13. Key economic benefits are expected from the following items.  
 
14. Benefit from avoided unserved energy in case of N-1 contingencies. The project 
substations are not prepared for N-1 contingency cases. This means that if one of the 
transformers fails, the remaining transformers would not be able to carry the same amount of 
electricity supply as before. Until the failed transformer is replaced or repaired, the substation 
would only be able to carry a reduced electricity supply, leading to unserved electricity to 
customers who otherwise would be able to use grid-supplied power. The installation of 
additional transformers will avoid these potential losses of power supply. To estimate the benefit 
of this avoided unserved electricity, the analysis has adopted an estimated probability of failure 
of each transformer from the North American Electric Reliability Corporation.7 Each year, the 
potentially avoided unserved electricity from the N-1 condition is multiplied by this probability to 
estimate the economic value. Since these are customers who would otherwise be consuming 
electricity, the benefit is non-incremental and valued at the resource saving cost.8 
 
15. Benefit from reduced technical losses from reduced load at transformers. While 
the primary purpose of the additional transformer installation is to prepare for N-1 contingencies, 
the additional transformers will reduce the load on existing transformers, which leads to reduced 
electricity losses. The NTDC’s load flow analysis estimates that the generation capacity to be 
installed from 2017 to 2020 will be able to fulfill the demand in Pakistan. Therefore, this benefit 

                                                
5
  ADB. 2014. Periodic Financing Report for the Multitranche Financing Facility for the Power Transmission 

Enhancement Investment Program Tranche 4. Manila. 
6
  The actual cost of about $51.0 million from tranche 4 of the Power Transmission Enhancement Investment 

Program is included in this analysis. 
7
  North American Electric Reliability Corporation. 2014. Outage Rates, Durations and Element Availability: 

Transformer Automatic and Non-Automatic Outages by Voltage Class. Atlanta, United States. 
8
  Since each substation covers a large customer base, the value of resource cost saving has been estimated by a 

weighted average of the most likely alternative energy source for the industrial, commercial, government, and 
residential sectors. The share of each sector is taken from the national average, and this value is estimated to be 
PRs24.27 per kilowatt-hour.  
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will reduce the required power generation at margin. In Pakistan, generation at margin is 
expected to be oil-fuel based power plants. This benefit is estimated by adopting a short-run 
marginal cost of electricity generation by oil-fuel power plants as the unit value.  
 
16. Benefit from increased flow of power from increased substation capacity. For the 
Rewat and Faisalabad West subprojects, the load is expected to exceed the substation capacity 
in the without-project case.9 The increased capacity of the substation from the project will allow 
additional electricity to be supplied to customers. In the case of Guddu, the new transmission 
lines will allow the additional generation from a new 747 MW Guddu gas combined cycle power 
plant to be evacuated to the grid. These benefits result in increased electricity consumption and 
are, therefore, incremental and valued at estimated willingness to pay.10 The estimated costs for 
electricity generation and distribution are deducted from the willingness-to-pay to account for the 
associated costs of delivering power.  
 
17. Other unquantified potential benefits from the project exist, but could not be quantified. 
For example, if the project substations are not prepared for N-1 contingencies and failures occur, 
surrounding transmission lines and other substations will also be impacted by the diverted 
power load. This may lead to an unexpected additional failure of or damage to equipment at 
these other substations, which would amplify the negative impact of N-1 incidents.    
 

D. Economic Internal Rate of Return 
 

18. The project’s economic internal rate of return is estimated to be 18.6%. This rate 
compares favorably with the estimated economic opportunity cost of capital of 12.0% (Table 1).  
 

E. Sensitivity Analysis 
 

19. The resulting economic internal rate of returns from a sensitivity analysis of (i) a 10% 
increase in capital costs; (ii) a 10% decrease in benefits; and (iii) a 1-year delay in completion, 
compare favorably with the economic opportunity cost of capital of 12.0% (Table 2).  
 

F. Conclusions 
 

20. The project’s economic internal rate of return analysis produced favorable results 
compared with the economic opportunity cost of capital. The sensitivity analysis reinforces this 
result by showing economic viability when there are 10% changes to key parameters of benefits, 
capital costs, and fuel prices; and a 1-year delay in completion. These results demonstrate the 
economic viability of the project. The project’s financial analysis concludes that the project is 
financially viable and sustainable, and the NTDC’s financial performance is projected to be 
stable.11  
 

Table 1: Economic Internal Rate of Return (PRs million) 
Year Capital cost O&M Consulting 

Services 
Incremental 

Benefit 
Non-incremental 

Benefit 
Net benefit 

2017 (1,710) 0 (117) 0 0 (1,826) 

2018 (6,839) 0 (117) 0 0 (6,956) 

2019 (8,549) 0 (117) 0 0 (8,665) 

                                                
9
  Rewat substation has two 250 MVA and one 160 MVA transformers (total of 660 MVA). The project will replace the 

160 MVA transformer with a 250 MVA transformer and add a 250 MVA transformer (total capacity of 1,000 MVA).  
10

 The proxy for willingness to pay is estimated to be PRs13.01 per kilowatt-hour based on fuel costs, tariff, and 
subsidies. 

11
 Financial Analysis: Tranche 1 of the Investment Program (accessible from the list of linked documents in Appendix 

2 of the main text). 
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Year Capital cost O&M Consulting 
Services 

Incremental 
Benefit 

Non-incremental 
Benefit 

Net benefit 

2020 0 (306) (117) 2,249 1,341 3,167 

2021 0 (306) (117) 2,248 1,482 3,308 

2022 0 (306) (117) 2,247 1,578 3,402 

2023 0 (306) (117) 2,247 1,689 3,514 

2024 0 (306) (117) 2,249 1,813 3,639 

2025 0 (306) (117) 2,247 1,959 3,783 

2026 0 (306) (117) 2,245 2,015 3,837 

2027 0 (306) 0 2,243 2,082 4,019 

2028 0 (306) 0 2,242 2,102 4,037 

2029 0 (306) 0 2,241 2,106 4,040 

2030 0 (306) 0 2,240 2,106 4,040 

2031 0 (306) 0 2,238 2,106 4,037 

2032 0 (306) 0 2,236 2,106 4,035 

2033 0 (306) 0 2,233 2,106 4,033 

2034 0 (306) 0 2,231 2,106 4,031 

2035 0 (306) 0 2,229 2,106 4,028 

2036 0 (306) 0 2,227 2,106 4,026 

2037 0 (306) 0 2,225 2,106 4,024 

2038 0 (306) 0 2,222 2,106 4,022 

2039 0 (306) 0 2,220 2,106 4,020 

2040 0 (306) 0 2,218 2,106 4,017 

2041 0 (306) 0 2,216 2,106 4,015 

2042 0 (306) 0 2,213 2,106 4,013 

2043 0 (306) 0 2,211 2,106 4,011 

2044 0 (306) 0 2,209 2,106 4,008 

2045 0 (306) 0 2,207 2,106 4,006 

2046 0 (306) 0 2,205 2,106 4,004 

2047 0 (306) 0 2,202 2,106 4,002 

2048 0 (306) 0 2,200 2,106 4,000 

2049 0 (306) 0 2,198 2,106 3,997 

2050 0 (306) 0 2,196 2,106 3,995 

2051 0 (306) 0 2,194 2,106 3,993 

2052 0 (306) 0 2,191 2,106 3,991 

2053 0 (306) 0 2,189 2,106 3,989 

2054 0 (306) 0 2,187 2,106 3,987 

2055 0 (306) 0 2,185 2,106 3,984 

2056 0 (306) 0 2,183 2,106 3,982 

2057 0 (306) 0 2,181 2,106 3,980 

2058 0 (306) 0 2,178 2,106 3,978 

2059 0 (306) 0 2,176 2,106 3,976 

2060 0 (306) 0 2,174 2,106 3,973 

2061 0 (306) 0 2,172 2,106 3,971 
     EIRR 18.6% 

     ENPV at 12% 8,525 

   ( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and 
maintenance. 

   Source: Asian Development Bank estimates. 

 
Table 2: Sensitivity Analysis 

Item EIRR (%) ENPV (PRs million) Switching value (%) 

Base case 18.6 8,525   
Benefits reduced by 10% 16.8 6,098 35.4 
Capital cost increased by 10% 17.1 7,194 65.1 
Fuel cost decreased by 10% 17.8 7,437 78.4 
1-year delay in completion 16.6 6,555   

   EIRR = economic internal rate of return, ENPV = economic net present value. 
   Source: Project preparatory technical assistance consultants and Asian Development Bank estimates. 


