
Grid Reinforcement Project (RRP CAM 53324) 

FINANCIAL ANALYSIS 
 
A. Introduction 
 
1. The Grid Reinforcement Project will support Electricité du Cambodge (EDC), the state-
owned power utility, in improving the capacity of its transmission network. The project team will 
(i) construct transmission lines and substations in Phnom Penh and surrounding provinces; and 
(ii) introduce as a pilot the first utility-scale battery energy storage system (BESS) in Cambodia, 
to assess its performance in providing grid services. The financial analysis is carried out 
separately for outputs 1 and 2 following Asian Development Bank (ADB) guidelines.1  
 
B. Key Assumptions (Output 1) 

 
2. Incremental revenues less incremental costs are estimated for a 25-year period following 
the commissioning of the subprojects in 2024. Output 1 is considered financially viable if the 
financial internal rate of return (FIRR) meets or exceeds the cost of funds, using the weighted 
average cost of capital (WACC). The analysis is conducted using constant 2020 prices. 
 
3. Incremental revenues. The incremental revenues are estimated as the additional sales 
relative to the without-project case multiplied by the average retail tariff. The average retail tariff 
is estimated at $0.154 per kilowatt-hour (kWh)—or 15.4 ¢/kWh—in 2020 and is assumed to 
remain constant in nominal terms thereafter (i.e., declining in real terms after allowing for inflation).  
 
4. Additional sales. Forecast demand by year and by substation is compared with 
substation capacities with and without the project. Demand in excess of capacity represents load 
shedding, and the difference in load shedding with and without the project represents additional 
sales. Hourly load profiles by existing substation as at December 2019 are used, with loads 
assumed to grow in line with a demand forecast prepared using the following assumptions: 

(i) For 2020, the current low-demand forecast prepared by EDC is used. This is for a 
2.5% fall in full-year sales relative to 2019. 

(ii) Gross domestic product (GDP) growth in 2021 is forecast at 3.1%. From 2022 
onward, GDP growth is assumed to gradually rise, reaching 5.5% by 2030. This is 
still below pre-crisis growth rates, which averaged 7.1% annually from 2010 to 
2019. 

(iii) Electricity sales are assumed to grow by 2.72 times the rate of GDP growth, 
representing the average ratio of sales to GDP growth over the preceding 10 years. 

 
5. Incremental costs. Incremental costs are the sum of the capital and operation and 
maintenance (O&M) costs of the subprojects under output 1 and of the power purchase and 
distribution costs of supplying the additional sales. Capital costs are calculated as the sum of 
base costs and physical contingencies, excluding taxes and duties exemptions as a non-cash 
item, totaling $147.7 million. Annual O&M costs are estimated at 2% of the sum of base costs and 
physical contingencies, equivalent to $2.7 million annually.  
 
6. The cost of additional power purchases is estimated as the average cost of generation 
and imports in each year, allowing for 4% transmission and 7% distribution losses. The average 
cost of generation in 2025 is estimated at 7.3 ¢/kWh, and at 7.4 ¢/kWh in 2030.2 The distribution 
cost is estimated as the difference between the average retail tariff and the tariff charged to 

 
1  ADB. 2009. Financial Due Diligence: A Methodology Note.  
2   Based on dispatch modeling from Intelligent Energy Services.  

http://www.adb.org/Documents/RRPs/?id=53324-001-3
https://www.adb.org/sites/default/files/institutional-document/33540/files/financial-due-diligence.pdf
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licensees connected to EDC’s transmission network (and thereby not using EDC’s distribution 
system). This equals 3.2 ¢/kWh in 2020 and is assumed to remain constant. The margin for 
transmission costs is the difference between the retail tariff and these costs. In 2025, for example, 
the estimated margin to recover transmission costs is 2.3 ¢/kWh (in real terms), which is 
calculated as the retail tariff (in real terms) less the distribution cost and the supply cost, including 
transmission and distribution losses. 
 
7. Weighted average cost of capital. The WACC is calculated as the weighted average of 
the cost of equity and debt. The estimation of the cost of equity in Table 1 follows the capital asset 
pricing model (using proxy estimates in the absence of data for Cambodia and EDC). The cost of 
debt to EDC is calculated as the sum of the interest rate on the proposed ADB loan to the Ministry 
of Economy and Finance (MEF) of 1.50% during repayment and the 0.65% service charge applied 
by MEF. The calculation of the estimated WACC of 1.67% is shown in Table 2. The real cost of 
debt is set at zero rather than use the calculated negative value, following ADB guidelines.3  
 

Table 1: Cost of Equity 
Component Value 

Risk-free rate (US 10-year)a 0.76%  
Equity risk premium (S&P 500)b 5.77%  
Equity betac 0.88  
Country risk premiumd 5.43%  
Nominal, after-tax cost of equity 11.27%  

S&P = Standard & Poor's, US = United States. 
a Yield on 10-year US Treasury bond as at 10 March 2020 (https://www.treasury.gov/resource-center/data-chart-center/interest-

rates/pages/TextView.aspx?data=yield).  
b 12-month average S&P 500 return less 10-year US Treasury bond yield, Professor Aswath Damodaran 

(http://pages.stern.nyu.edu/~adamodar/).  
c Average for listed power companies in emerging markets, Professor Aswath Damodaran. 
d Estimate for Cambodia, Professor Aswath Damodaran. 
Source: Asian Development Bank calculations using data sources as listed above. 

 
Table 2: Calculation of Weighted Average Cost of Capital 

Component Equity Debt Total 

Amount ($ million) 19.86 127.80 147.66 
Weighting 13.4%  86.6%  100.0%  
Nominal, after-tax cost 11.27%  2.15%   
Inflation rate a 2.50%  2.50%   
Real, after-tax cost b, c 8.55%  -   
Weighted real after-tax cost 1.15%  -  1.15%  

a Year-on-year change in United States Consumer Price Index for January 2020, all-items, urban consumers, not seasonally adjusted 
(https://www.bls.gov/cpi/). 

b Calculated using the Fisher formula [(1 + interest/equity cost) / (1 + inflation rate)]. 
c The real cost of debt is treated as zero rather than the calculated negative value, following Asian Development Bank guidelines. 
Source: Asian Development Bank calculations. 

 
C. Key Assumptions (Output 2) 
 
8. Incremental revenues less incremental costs are estimated for a 10-year period in 
accordance with the expected life of the installed battery energy storage system (BESS), following 
its commissioning in 2022. The analysis is conducted using constant 2020 prices (i.e., excluding 
inflation). 
 
9. Incremental revenues. The pilot BESS provides multiple services that are stacked for 
valuation purposes. These are shown in Table 3. 

 
3   ADB. 2019. Financial Analysis and Evaluation: Technical Guidance Note. (A5.8) 
 

https://www.treasury.gov/resource-center/data-chart-center/interest-rates/pages/TextView.aspx?data=yield
https://www.treasury.gov/resource-center/data-chart-center/interest-rates/pages/TextView.aspx?data=yield
http://pages.stern.nyu.edu/~adamodar/
https://www.bls.gov/cpi/
https://www.adb.org/sites/default/files/institutional-document/535126/financial-analysis-evaluation-guidance-note.pdf
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Table 3: Battery Energy Storage System Services 

Service 
Solar Plant 

Output Smoothing 
Curtailment Reserve 

Primary Frequency 
Response 

Transformer 
Upgrade Deferral 

Description Charging when solar 
PV output is above 
target and discharging 
when output is below 
target  

Charging continuously 
and discharging to 
avoid load shedding  

Charging continuously 
and discharging to 
restore frequency 

Charging off-peak and 
discharging at peak to 
relieve transformer 
overloading 

Daily 
dischargea 

17.8 megawatt-hours 
per day (MWh/day) 

10.7 MWh/day 11.2 MWh/day 4.9 MWh/day 
(varies by year) 

Cost of 
charging 

Marginal supply cost Marginal supply cost Marginal supply cost Marginal supply cost in 
off-peak hours 

Benefit of 
discharging 

Marginal supply cost Average retail tariff Marginal supply cost Marginal supply cost in 
peak hours 

a  The battery energy storage system goes through multiple cycles in one day for some services, so that daily discharge 
exceeds capacity. 

Source: Asian Development Bank estimates. 
 
10. The cost for charging is calculated as the energy cost of the marginal supply source in 
each hour. This applies even where the BESS is charged directly from the co-located solar 
photovoltaic plant because, if this solar output were not used for charging, it would replace the 
alternative marginal supply source at that time. The calculations allow for "round-trip" efficiency 
losses, meaning that 1.13 kWh of charging energy is required for each 1 kWh discharged. 
 
11. Incremental costs. Incremental costs are the sum of the capital and O&M costs of the 
BESS. Capital costs are calculated as the sum of base costs and physical contingencies, totaling 
$8.92 million. Annual costs for air-conditioning, electronics, and battery racks are estimated at 
$0.16 million. Annual O&M costs after the initial 3 years are estimated at $0.06 million.  
 
12. Weighted average cost of capital. The investment costs are grant-funded. Following 
ADB guidelines, the WACC applied is the estimated cost of government borrowing (Table 4).4  
 

Table 4: Cost of Government Borrowing 
Component Value 

Risk-free rate (US 10-year)a 0.76%  
Country risk premiumb 5.43%  
Nominal cost of borrowing 6.19%  
Inflation rate 2.50%  
Real cost of borrowingc 3.60%  

a Yield on 10-year US Treasury bond as at 10 March 2020 (https://www.treasury.gov/resource-center/data-chart-center/interest-
rates/pages/TextView.aspx?data=yield).  

b Estimate for Cambodia, Professor Aswath Damodaran (http://pages.stern.nyu.edu/~adamodar/).  
c Calculated using the Fisher formula [(1 + interest/equity cost) / (1 + inflation rate)]. 
Source: Asian Development Bank calculations using data sources as listed above. 

 
D. Financial Evaluation (Outputs 1 and 2) 
 
13. For output 1, the FIRR exceeds the calculated WACC of 1.15%. For output 2, the 
estimated benefits of the pilot BESS do not meet the weighted average cost of government 
borrowing of 3.6%. However, average annual net revenues from the BESS cover annual operating 
expenditures, ensuring the system’s sustainability throughout its operating life without any direct 
financial cost to EDC. 
 

 
4   ADB. 2019. Financial Analysis and Evaluation: Technical Guidance Note. (A5.6) 
 

https://www.treasury.gov/resource-center/data-chart-center/interest-rates/pages/TextView.aspx?data=yield
https://www.treasury.gov/resource-center/data-chart-center/interest-rates/pages/TextView.aspx?data=yield
http://pages.stern.nyu.edu/~adamodar/
https://www.adb.org/sites/default/files/institutional-document/535126/financial-analysis-evaluation-guidance-note.pdf
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Table 5: Summary of Financial Evaluation 
 Base 

Value 
FNPV 

$ million 
FIRR Switching 

Value 
Change from 

Base 

Output 1  249.0 10.9%   

+20% power supply cost (¢/kWh) 8.3 (1,038.2) (12)% 8.7 4.4% 

+20% investment cost ($ million) 147.7 216.8 8.7% 352.5 138.7% 

(20%) retail tariff (¢/kWh) 15.4 (614.2) (10.1% 14.6 (4.9)% 

2 year delay in project (years) 4 237.3 9.9%   

Output 2  (7.4) (40.7)   
( ) = negative, ¢ = United States cent, FIRR = financial internal rate of return, FNPV = financial net present value, kWh = kilowatt-hour. 
Source: Asian Development Bank calculations. 

 
14. The project is sensitive to an increase in power supply costs and a reduction in the retail 
tariff. An increase in power supply costs will likely be offset by an increase in demand, which this 
analysis projected conservatively low, and in general by expanded lower-cost supply and 
contracted energy purchases. Between 2015 and 2020, EDC implemented a tariff reduction plan 
to pass through to customers the benefits of falling power purchase costs while maintaining cost 
recovery and a regulated return. Under this plan, residential tariffs fell by 10%–40%, commercial 
rates by 11%, and industrial rates by 18%.  
 
E. EDC financial performance 
 

15. Summary financial statements for EDC are presented in Table 6. EDC meets its key 
financial covenants in all years. The projections assume constant tariffs in nominal terms from 
2021, following reductions from 2015 to 2020 as costs declined.  
 
16. The impacts of the coronavirus disease (COVID-19) pandemic on EDC are expected to 
be limited. Before the crisis took hold, sales in the first 3 months of 2020 were 14% above 2019 
levels. For the year as a whole, sales are forecast to decline by 2.5% from 2019 levels. The 
reduced revenues are more than offset by declining power purchase costs thanks to expanding 
lower-cost supply. From 2023, power purchase costs start growing more rapidly than revenues 
because of the commissioning of already contracted new capacity (totaling 935 megawatts) with 
take-or-pay obligations on EDC. These lead to contracted energy purchases exceeding projected 
demand in some periods.  
 

Table 6: Electricité du Cambodge – Summary Financial Statements 

 
( ) = negative, DSCR = debt service coverage ratio. 
Source: Asian Development Bank calculations. 
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Table 7: Financial Analysis – Output 1 

 
( ) = negative, FIRR = financial internal rate of return, FNPV = financial net present value, GWh = gigawatt-hour, O&M = 
operations and maintenance. 
Source: Asian Development Bank calculations. 

 
Table 8: Financial Analysis – Output 2 

 
( ) = negative, FIRR = financial internal rate of return, FNPV = financial net present value, O&M = operations and 
maintenance, PV = photovoltaic. 
Source: Asian Development Bank calculations. 
 


