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ELECTRIC POWER: SOME CONCEPTS
• COST/COSTING REFER TO THE VALUE OF RESOURCES THAT GO INTO THE PRODUCTION 

AND SUPPLY OF ELECTRIC POWER 
• THE VALUE OF RESOURCES IS CORRECTLY EXPRESSED IN TERMS OF OPPORTUNITY 

COST =       THE VALUE OF THE RESOURCE IN ITS BEST ALTERNATIVE USE
• A ROLE OF COSTING IS TO PROVIDE A BENCHMARK FOR PRODUCTION AND PRICING 

DECISONS 
• PRICING REFERS TO THE AMOUNT PAID FOR GOODS/SERVICES IN EXCHANGE
• THE FOCUS OF PRICING IS ON THE REVENUE RELATED TO EXCHANGE 
• IN THE POWER SECTOR THE TERM PRICE OFTEN (BUT NOT ALWAYS) REFERS TO THE 

BULK PRICE OR WHOLESALE PRICE
• TARIFF MOSTLY REFERS TO WHAT END CONSUMERS PAY FOR ELECTRICITY (OFTEN 

NOT COST-BASED)
• WILLINGNESS-TO-PAY EXPRESSES WHAT PEOPLE ARE WILLING TO PAY FOR 

ELECTRICITY RATHER THAN GO WITHOUT IT (AS OPPOSED TO THE TARIFF THEY 
ACTUALLY PAY)
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SOME POWER SECTOR COST/PRICE CONCEPTS

• LEVELISED UNIT COST
• AVOIDED COST
• NETBACK PRICE
• MARKET PRICES

• COMMON TO ALL THESE CONCEPTS: EXPRESSED IN TERMS OF 
A COST OR A PRICE PER kWh: e.g. NPR/kWh, USc/kWh
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LEVELISED UNIT COST OF ENERGY

• AN EXPRESSION OF UNIT ENERGY COST

• A STANDARDISED METHODOLOGY FOR COMPARING THE COSTS OF 
DIFFERENT TYPES OF POWER PLANTS PERFORMING SIMILAR 
FUNCTIONS

Presenter
Presentation Notes
APPLIES BOTH TO THERMAL AND HYDRO OPTIONS
FOR A THERMAL PROJECT, IT IS OFTEN CALLED AVOIDED COST IN AN ANALYSIS OF THE VALUE OF A HYDROPOWER PROJECT, I.E. IN DETERMINING THE CEILING THAT APPLIES TO WHAT A BUYER WILL CONSIDER PAYING FOR HYDROPOWER, TO AVOID BUILDING A THERMAL PLANT.
THE MAIN DIFFERENCE BETWEEN  LEVELISED COST FIGURE FOR A HYDRO PROJECT AND A FOR THERMAL PROJECT WILL BE THE RELATIVELY HIGHER INVESTMENT COSTS FOR HYDRO AND THE FUEL COSTS FOR THE THERMAL PLANT.
IT DOES NOT SUBSTITUTE FOR A FULL SYSTEM COST ANALYSIS THAT ESTABLISHES THE OVERALL ECONOMIC IMPACT OF A POWER PLANT INTRODUCED INTO AN EXISTING GENERATION SYSTEM BUT IT GIVES AN INDICATION OF THE RELATIVE ATTRACTIVENESS OF A PROJECT WHEN COMPARING TO THE UNIT COST OF OTHER PROJECTS.
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USES OF LEVELISED COST

• COMPARISON OF COST OF VARIOUS SOURCES OF SUPPLY

• OPTIMISATION OF A HYDROPOWER PLANT

• RANKING OF DOMESTIC HYDROPOWER PROJECTS

• BASIS FOR POWER TRADE NEGOTIATIONS

• IMPORTANT ELEMENT IN PPAs

• USER TARIFF SETTING
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USE OF LEVELISED COSTS 
COMPARISON OF OFFGRID AND GRID CONNECTION OPTIONS

USc/kWh

Source:  ESMAP 2007:  Technical and Economic Assessment
of Off-grid, Mini-grid and Grid Electrification Technologies

Source:  The Economist, Nov. 2016

Presenter
Presentation Notes
Source:  ESMAP 2007:  Technical and Economic Assessment of Off-grid, Mini-grid and Grid Electrification Technologies
THE BARS INDICATE THE RANGE WITH THE SPLIT IN THE MIDDLE SHOWING AVERAGES.

Power system planners generally operate on an incremental basis, with new capacity
additions selected to accommodate the location and pace of load growth on a least-cost
basis. The findings provided here suggest that scale is a critical aspect affecting the economics
of different generation configurations. When the national or regional grid is developed
and includes sufficient transmission capacity, and incremental load growth is fast, large,
central-station gas combined cycle and coal-fired power plants would clearly be the
least-cost alternatives. However, if the size of the grid is limited, or the incremental load
growth is small, it may make economic sense to add several smaller power stations rather
than one very large power station. Taking advantage of local resources such as indigenous
coal, gas, biomass or geothermal or wind or hydro, and constructing smaller power stations,
may provide energy security and avoid some of the uncertainty associated with international
fuel prices as well as the risk associated with financing and constructing very large
power plants.
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LEVELISED COST: VARIATIONS
• NORMALLY REPRESENTED AS COST ON THE BASIS OF NET POWER 

SUPPLIED AT THE STATION BUSBAR

• BUT MAY ALSO REFER COSTS AND OUTPUT TO THE CONNECTING 
POINT TO THE GRID FOR THE RELEVANT PLANT

• MAY BE CALCULATED ON THE BASIS OF:
• MEAN ANNUAL ENERGY (TOTAL ENERGY), OR 
• THE SUM OF FIRM ENERGY AND NON-FIRM ENERGY WHERE THE 

FORMER IS GIVEN A WEIGHT OF 1 AND THE LATTER A WEIGHT < 1

• THE ADJUSTED FIGURE MAY BE RELEVANT WHEN COMPARING PROJECTS 
WITH WIDELY DIFFERENT SHARES OF FIRM/NON-FIRM ENERGY

TYPE OF ENERY OUTPUT WEIGHT ADJUSTED
FIRM ENERGY: 80 GWh 1 80 GWh
NON-FIRM ENERGY 40 GWh 0,6 (EXAMPLE) 24 GWh
TOTAL ANNUAL OUTPUT 120 GWh 104 GWh

Presenter
Presentation Notes
BUT MAY ALSO REFER COSTS AND OUTPUT TO THE GRID CONNECTING POINT FOR THE RELEVANT PLANT: IN THAT CASE, TRANSMISSION LOSSES AND TRANSMISSION CONSTRUCTION COSTS TO CONNECTING POINT ARE INCLUDED.
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LEVELISED COST: FURTHER CHARACTERISTICS

• COMPARED TO OTHER (ENGINEERING) METHODS OF UNIT COST CALCULATIONS, THE 
MAIN CHARACTERISTICS THAT DISTINGUISH THE LEVELISED COST METHOD ARE:
• THE PROJECT LIFETIME PERSPECTIVE
• ALL LIFETIME COSTS ACCOUNTED FOR
• DISCOUNTING OF COSTS AND OUTPUT

• AS THE TERM INDICATES, THE LEVELISED COST IS “LEVEL” THROUGHOUT THE 
PROJECT LIFE (UNCHANGED)
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PARAMETERS FOR LEVELISED COST CALCULATION 

TIME SERIES FLOWS

CAPITAL 
EXPENDITURE

ANNUAL FUEL + 
O&M COSTS

ANNUAL OUTPUT 
(GWH)

INPUT 
PARAMETERS

DECISION 
PARAMETERS

OUTPUT 
PARAMETERS

STARTING POINT/
PROJECT LIFE

DISCOUNT RATE

UNIT 
COST

USc/kWh

MONETARY UNIT/ 
PRICE LEVEL

NOTE:  HERE -

OUTPUT IN GWh, 
NOT REVENUE

Presenter
Presentation Notes
ELEMENTS THAT ARE EXCLUDED FROM THE CALCULATION:
BENEFITS OR REVENUE; INSTEAD OUTPUT IN GWH
TAXES ON INCOME AND PROFIT CHARGED TO THE UTILITY SINCE THEY DO NORMALLY NOT INFLUENCE TECHNOLOGY CHOICE
EXTERNAL COSTS NOT BORNE BY THE UTILITY
COSTS THAT ARE INCLUDED:
STATION-SPECIFIC OVERHEADS, INSURANCE PREMIUMS, ENVIRONMENTAL & SOCIAL MITIGATION MEASURES
MONETARY UNIT AND PRICE LEVEL: FOR COMPARISONS, IT IS NECESSARY TO REFER THE COSTS OF DIFFERENT PLANTS TO THE COSTS OF THE SAME YEAR AND IN THE SAME CURRENCY
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LEVELISED COSTS:  TWO MAIN METHODS

METHOD 1:
• DISCOUNTING ANNUAL COSTS AND ANNUAL OUTPUT OVER PROJECT 

LIFETIME BACK TO A COMMON BASE YEAR, ARRIVING AT PV COSTS 
AND PV OUTPUT

• LEVELISED UNIT COST= PV LIFETIME COSTS DIVIDED BY PV LIFETIME
OUTPUT



Oh/maler/No-1ligg_ny1200mes.ppt 13.01.01‹#
›

11/29/2018 11

LEVELISED COST OF ENERGY: METHOD 1

          n          Ci 
         ∑      --------- 
            i=1   (1 + r)i  

Unit energy cost (USc/kWh):   ------------------ 

                       n        Oi 
       ∑      --------- 

  i=1   (1 +  r)i 
 
 
 

 
where: Ci  = investment, fuel and O&M costs for the project in year i 
  Oi = incremental output (kWh) from the scheme in year i 
  n   = the project life in years 
  r   = discount rate 
 

Presenter
Presentation Notes
THE LEVELISED UNIT COST IS BASED ON DISCOUNTING COSTS, FOUND IN THE UPPER PART OF THE FRACTION, AND DIVIDING THESE WITH THE DISCOUNTED ENERGY PRODUCTION FROM THE CANDIDATE SCHEME, IN THE LOWER PART, BOTH OVER THE LIFETIME OF THE PROJECT.
FUEL COSTS INDICATE THAT THE METHOD APPLIES BOTH TO HYDRO AND THERMAL POWER. FOR HYDROPOWER FUEL COSTS ARE ZERO.
I.E. LEVELISED COST IS SIMPLY THE RATIO OF LIFETIME COSTS TO LIFETIME OUTPUT, MEASURED IN PRESENT VALUE TERMS
THE Cs WILL CONSIST OF INVESTMENT COSTS AND, DURING OPERATIONS, OF FUEL AND O&M COSTS, AND IN PRINCIPLE ALSO REINVESTMENT COSTS, ALTHOUGH THE LATTER IS NOT COMMON.
THE Os WILL BE THE OUTPUT OR MEAN ANNUAL GENERATION THAT IS EXPECTED FROM THE PROJECT
IN CASE ONE WISHES TO DISTINGUISH BETWEEN FIRM AND SECONDARY ENERGY, THE OUTPUT FIGURE MAY BE ADJUSTED FOR THE LOWER VALUE OF SECONDARY ENERGY BY ASSIGNING A WEIGHT, SAY 50%, TO SECONDARY AND 100% VALUE TO FIRM ENERGY AND DIVIDE COSTS BY THE ADJUSTED (LOWER) OUTPUT FIGURE.
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HYDROPOWER: LEVELISED UNIT COST.  METHOD 1
Sensitivities:

FINANCIAL EVALUATION - TOTAL INVESTMENT SCENARIO: 1 Investments 1,0
Key Assumptions: Discount rate: 12 % Cash flows:  In MUSD Firm and second. egy: 1,0

Installed capacity (MW): 456
Generation 

(GWh)
Tariff 

(USc/kWh) Price reference year: 2014
Capital cost power plant (MUSD): 455,00 296,5 6,33 Fixed PP O&M (% p.a. of investment) 1,00 % Dry season 296,5
Capital cost T&D (MUSD): 0,00 1984,5 3,30 Variable PP O&M (USc/kWh): 0,00 Wet season 1984,5
Total capital cost (MUSD): 455 T&D O&M (% p.a. of investment):
Construction period (longest)  (yrs.): 9 Total generation 2281,0 Fuel cost (USc/kWh): 0,0 Capital cost Power plant T&D
Project lifetime (yrs.): 50 Transm. losses: 0,0 % Emission cost (USc/kWh): 0,0 MUSD 455,00
Wheeling costs (USc/kWh) 0,0 Carbon credit (USc/kWh): 0,0

100 % 0 %

Cash flows:

Year
Capital cost 
power plant

Cap cost 
T&D

Fixed PP 
O&M

Variable 
PP O&M T&D   O&M Fuel cost

Emission 
costs

Wheeling 
cost

Total 
cost

Firm 
energy 

Second. 
energy

Carbon 
credits

Total 
revenue

1 22,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,75 0,00 0,00 0,00 0,00 -22,75 22,75 0,0 5 %
2 45,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 45,50 0,00 0,00 0,00 0,00 -45,50 45,5 0,0 10 %
3 45,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 45,50 0,00 0,00 0,00 0,00 -45,50 45,5 0,0 10 %
4 45,50 0,00 0,00 0,00 0,00 0,00 0,00 0,00 45,50 0,00 0,00 0,00 0,00 -45,50 45,5 0,0 10 %
5 68,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,25 0,00 0,00 0,00 0,00 -68,25 68,25 0,0 15 %
6 68,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,25 0,00 0,00 0,00 0,00 -68,25 68,25 0,0 15 %
7 68,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,25 0,00 0,00 0,00 0,00 -68,25 68,25 0,0 15 %
8 68,25 0,00 0,00 0,00 0,00 0,00 0,00 0,00 68,25 0,00 0,00 0,00 0,00 -68,25 68,25 0,0 15 %
9 22,75 0,00 0,00 0,00 0,00 0,00 0,00 0,00 22,75 0,00 0,00 0,00 0,00 -22,75 22,75 0,0 5 %
10 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
46 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
47 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
48 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
49 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
50 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
51 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
52 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
53 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
54 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
55 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
56 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
57 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
58 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0
59 4,55 0,00 0,00 0,00 0,00 0,00 4,55 18,77 65,49 0,00 84,26 79,71 4,55 2281,0

Results: Generation: Unit cost (USc/kWh): 3,97 NPV (MUSD): -19,1 271,5 6830,9
FIRR: 11,4% PV costst PV supply.

Supply PV GWh 6831 Total cost PV (MUSD: 271,5 Total rev PV (MUSD: 252,3

Investm. 
profile 
transm. (%)

Mean ann. 
energy after 
tx losses

Costs Revenues Incremen-
tal net 

cash flow

Tot  costs 
excl emiss 
&wheeling

Investm. 
profile 

power pl. 
(%)

UPPER TAMAKOSHI

Incremental energy
Dry season
Wet season Fuel cost 

adjustm. for 
taxes/  levies
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LEVELISED COSTS:  TWO MAIN METHODS

METHOD 2:
• ANNUALISED CAPITAL COSTS PLUS ANNUAL FUEL + O&M COSTS TO ARRIVE AT 

A TOTAL ANNUAL COST
• LEVELISED UNIT COST: RATIO OF TOTAL ANNUAL COST TO ANNUAL OUTPUT

THE TWO METHODS GIVE IDENTICAL ANSWERS
• BOTH MEASURE EXPRESS COSTS DIVIDED BY OUTPUT
• CALCULATION OF METHOD 1 IS BASED ON COSTS OVER THE LIFETIME OF THE 

PROJECT
• CALCULATION OF METHOD 2 IS BASED ON COST IN ONE YEAR                                         

-- WITH CAPITAL EXPENDITURE SPREAD OVER PROJECT LIFETIME
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LEVELISED COST OF ENERGY: METHOD 2

                                      
              (Annualised capital cost (Ci + IDC)) + annual oper. cost (fuel + O&M) 
Unit energy cost (USc/kWh):   ------------------------------------------------------------------------------ 

             Mean annual output (GWh) 

 
 
 

 
where: Ci  = investment in year i 
  IDC = interest during construction 
  Annualised (C + IDC) => transforming the discrete investment costs into an  
  annual fixed payment over the lifetime of the project, accounting for   
  interest over the same period 
 

Presenter
Presentation Notes
FORMULA FOR ANNUALISED CAPITAL COST:  SEE NEXT SLIDE
THIS METHOD CANNOT INCLUDE REINVESTMENT COSTS DIRECTLY, AS CAN METHOD 1, BUT 
BY DISCOUNTING SUCH COSTS BACK TO THE STARTING YEAR FOR THE CALCULATIONS
THEN ANNUALISING THESE COSTS OVER THE EVALUATION PERIOD
MAKING THE ANNUALISED REINVESTMENT COST INTO A PERCENTAGE FIGURE OF THE TOTAL INITIAL INVESTMENT, AND
FINALLY ADDING THIS PERCENTAGE TO THE O&M PERCENTAGE,
	ONE IS INDIRECTLY ABLE TO INCLUDE REINVESTMENTS INTO THIS METHOD, TAMBIEN.
THE TWO METHODS HAVE BEEN APPLIED TO MANGDECHHU:  SEE EXCEL CALCULATIONS
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FORMULA FOR CALCULATING ANNUALISED CAPITAL COST

( )ni

i

+
−

1
11

CAPITAL RECOVERY FACTOR =

• CR FACTOR IS MULTIPLIED BY 
INITIAL INVESTMENT INCL. IDC

• IN EXCEL: AMORT-FUNCTION

• WITH CALCULATOR: PMT-FUNCTION

Presenter
Presentation Notes
THIS FORMULA IS USED TO CALCULATE ANNUALIZED CAPITAL COST BY MULTIPLYING THE TOTAL CAPITAL COST FIGURE, INCLUDING IDC, BY THIS EXPRESSION, THEREBY ARRIVING AT THE ANNUAL REQUIRED PAYMENT.
i REPRESENTS THE RATE OF INTEREST, AND n THE NUMBER OF YEARS.
IT EXISTS AMONG THE FINANCIAL FUNCTIONS IN EXCEL, AS WELL AS IN FINANCIAL CALCULATORS.
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HYDROPOWER: LEVELISED UNIT COST. METHOD 2

CALCULATIONS

RESULTS

SAME ANSWER AS 
METHOD 1

MODEL INPUTS

Unit energy cost
Name /Type of Plant: Upper Tamakoshi
Assumptions: Real terms Price ref. yr: 2018

Installed capacity (MW): 456 Discount rate 12 %
FOR (%) 0,0 % Replacement costs in year x (USD mill): 0
Maintenance time (%) 0,0 % Fixed O&M + overhauls (USD million/yr.) 4,55
Max availability factor: 57,1 % Limestone costs (USD/kWh) 0
Mean annual generation (GWh): 2 281 Variable O&M costs (USD/kWh) 0,0000
Operational life (years): 50 Heat rate (kj/kWh): 0

Construction costs (USDIkW installed): 998 Spinning reserve (%) 0 %
Construction period (yrs): 9 Fuel price (USD/GJ) 0,0
Auxiliary consumption (%): 0 % Plant factor 57,1%

Distribution of Construction Cost By Construction Year (USD million): 

1 2 3 4 5 6 7 8 9 10 Total

Profile (%) 5 % 10 % 10 % 10 % 15 % 15,0 % 15,0 % 15 % 5 % 455,0

USD mill 22,8 45,5 45,5 45,5 68,3 68,3 68,3 68,3 22,8 0,0 455,0

1,00
Calculation of Total Capital Expenditure (USD million):

Constr. Yr Total
1 22,8 22,8
2 25,5 45,5 71,0
3 28,5 51,0 45,5 125,0
4 32,0 57,1 51,0 45,5 185,5
5 35,8 63,9 57,1 51,0 68,3 276,0
6 40,1 71,6 63,9 57,1 76,4 68,3 377,4
7 44,9 80,2 71,6 63,9 85,6 76,4 68,3 490,9
8 50,3 89,8 80,2 71,6 95,9 85,6 76,4 68,3 618,1
9 56,3 100,6 89,8 80,19 107,4 95,9 85,6 76,4 22,8 715,0

10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Capital Expenditure incl. IDC
Investment cost: 455,00 USD million
Interest during construction: 259,99 USD million
Capital cost incl. IDC 714,99 USD million

Fixed Annual Costs
Annualised capital cost incl. IDC 86,10 USD million
Annualised replacement costs 0,00 USD million
Fixed O&M + annualised overhauls 4,55 USD million
Total fixed annual costs 90,65 USD million

Variable Annual Costs @ Plant Factor 57 %
Annual fuel costs 0,00 USD million
Annual variable O&M costs 0,00 USD million
Total variable annual costs 0,00 USD million

Cost Per kWh Generated @ Plant Factor 57 %
Total fixed annual costs 90,65 USD million
Total variable annual costs 0,00 USD million
Total annual costs 90,65 USD million
Mean annual supply 2 281,0 GWh

Levelised unit cost 3,97 USc/kWh

Construction Year

Annual construction cost + compounded interest during the construction period. 
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GAS FIRED CCGT: LEVELISED UNIT COST. METHOD 2

FUEL AND VARIABLE O&M 
ARE ADDITIONAL AND 
SIGNIFICANT  ELEMENTS 
COMPARED TO HYDROPOWER

PLANT FACTOR INFLUENCES 
UNIT COST HEAVILY

Levelised Unit Cost

Type of Plant: CCGT
Assumptions: Real terms Price ref. yr: 2013

Installed capacity (MW): 500 Discount rate 10 %
FOR (%) 4,6 % Replacement costs in year x (USD mill): 0
Maintenance (%) 6,9 % Fixed O&M costs (USD/kW/yr) 28
Max availability factor: 88,8 % Limestone costs (USc/kWh) 0
Mean annual generation (GWh): 2 190 Variable O&M costs (USD/kWh) 0,0020
Operational life (years): 25 Heat rate (kj/ kWh): 6435
Construction costs (USDIkW installed): 910 Spinning reserve (%) 0 %
Construction period (yrs.): 3 Gas price (USD/GJ) 10,00
Auxiliary consumption (%): 0 % Plant factor 50%

Distribution of Construction Cost By Construction Year (USD million): 

1 2 3 4 5 6 7 8 9 10 Total

Profile 40 % 50 % 10 % 455,0
USD mill 182,0 227,5 45,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 455,0

1,00
Calculation of Total Capital Expenditure (USD million):

Constr. Yr Total

1 182,0 182,0
2 200,2 227,5 427,7
3 220,2 250,3 45,5 516,0
4 0,0 0,0 0,0 0,0
5 0,0 0,0 0,0 0,0 0,0
6 0,0 0,0 0,0 0,0 0,0 0,0
7 0,0 0,0 0,0 0,0 0,0 0,0 0,0
8 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
9 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
10 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

Capital Expenditure incl. IDC
Investment cost: 455,0 USD million
Interest during construction: 61,0 USD million CCGT
Capital cost incl. IDC 516,0 USD million Plant Levelised

factor unit cost
Fixed Annual Costs % USc/kWh

Annualised capital cost incl. IDC 56,8 USD million 10 % 22,81
Annualised replacement costs 0,0 USD million 20 % 14,72
Fixed O&M costs 14,0 USD million 30 % 12,03
Total fixed annual costs 70,8 USD million 40 % 10,68

50 % 9,87
Variable Annual Costs @ Plant Factor 50 % 60 % 9,33

Annual fuel costs 140,9 USD million 70 % 8,95
Annual variable O&M costs 4,4 USD million 80 % 8,66
Total variable annual costs 145,3 USD million 90 % 8,43

100 % 8,25

Cost Per kWh Generated @ Plant Factor 50 % 9,870
Total fixed annual costs 70,8 USD million
Total variable annual costs 145,3 USD million
Total annual costs 216,1 USD million
Mean annual supply 2 190 GWh
Levelised unit cost 9,9 USc/kWh

Construction Year

Annual construction cost + compounded interest during the construction period. 
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IMPORTANT ELEMENTS INFLUENCING THE LEVELISED COST

• IN ADDITION TO THE BASIC COST OF CONSTRUCTION AND OPERATION, 
THE FOLLOWING FACTORS ARE IMPORTANT:

• PLANT FACTOR 
• INTEREST (DISCOUNT) RATE

• THE IMPACT OF THESE ELEMENTS ON THE UNIT COST WORK IN 
OPPOSITE DIRECTIONS 
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SCREENING CURVES
ILLUSTRATIONS FOR VARIOUS TYPES OF PLANTS AND PLANT FACTORS

• HIGHER PLANT FACTOR MEANS LOWER UNIT COST
• THE UNIT COST OF SOME TYPES OF PLANTS ARE MORE SENSITIVE TO PLANT FACTOR THAN OTHERS

UNIT COST AT 
VARYING PLANT 
FACTORS FOR 
DIFFERENT  TYPES 
OF POWER PLANT

Presenter
Presentation Notes
From Excel file Myanmar – Thai unit cost etc. , from Bhutan presentations, modified somewhat.  Hydro project  is fictitious to illustrate effect of plant factor, thermal projects are Thai - based
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CHARACTERISTICS OF HYDROPOWER VS THERMAL COSTS
EXAMPLES OF LIFETIME COSTS OF BASE LOAD OPERATIONS

TYPICAL COST 
STRUCTURE
USD/MWh

HYDROPOWER CCGT (US) COAL (US)

CAPITAL 32.5 95% 10.5 24% 22.0 45%

FUEL 0 30.5 69% 19.0 39%

0&M 2.0 5% 3.0 7% 8.0 16%

TOTAL (per MWh) 34.5 44 49

Presenter
Presentation Notes
EXPRESSED AS LIFETIME COSTS OF BASE LOAD OPERATIONS
FIGURES AS ILLUSTRATIVE AND WITH HIGHER  PRESENT FUEL COSTS SHOW AN INCREASING DIFFERENCE BETWEEN HYDROPOWER AND THERMAL COST STRUCTURES
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LEVELISED UNIT COST AS A FUNCTION OF DISCOUNT RATE
(SOURCE OF FUNDING / OWNERSHIP)

DEBT  70% EQUITY  30%
PROJECT COMPANY: 
PRIVATE/PUBLIC

PROJECT:  OWNED BY 
PUBLIC UTILITY

DEBT  70% EQUITY  30%

AVERAGE INTEREST 
RATE:  10% p.a.

AVERAGE INTEREST 
RATE:  3,5% p.a.

RETURN ON 
EQUITY: 17%

RETURN ON 
EQUITY: 12%

%

WACC: 12% = 
DISCOUNT RATE

WACC: 6% = 
DISCOUNT RATE

UTK HPP: PRE-TAX LEVELISED UNIT COST = USc 4,0/kWh

UTK HPP : PRE-TAX LEVELISED UNIT COST = USc 1,8/kWh

• THE COMPARISON ILLUSTRATES THE IMPORTANCE OF FINANCING OF POWER PROJECTS AND 
THE ADVANTAGE OF CONCESSIONARY FUNDING

• HOWEVER, THIS IS ONLY ONE DIMENSION OF PRIVATE VS.  PUBLIC PROJECT DEVELOPMENT
• POSSIBLE EFFICIENCY GAINS FROM PRIVATE DEVELOPMENT ARE NOT ACCOUNTED FOR HERE
• COST OF RISK OFTEN LESS CLEARLY ADDRESSED IN PUBLIC FINANCED PROJECTS

Presenter
Presentation Notes
WHY DOES THE LEVELISED UNIT COST INCREASE WITH HIGHER DISCOUNT RATE (= HIGHER WACC)? ANSWER: 
THE OUTPUT FROM THE PROJECT COMES IN THE MORE DISTANT FUTURE THAN THE COSTS OF HYDROPOWER WHICH ARE BASICALLY UP-FRONT, SO THE DISCOUNTING ”HITS” OUTPUT MORE SEVERELY.
EXPENSIVE FINANCING – ESP. HIGH ROE REQUIREMENT – MAKES PRIVATE HYDROPOWER LESS COMPETITIVE THAN STATE-OWNED THERMAL ALTERNATIVES.
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LEVELISED COST: SUMMARY

• CONSTITUTES A CORRECT METHOD IN ECONOMIC AND FINANCIAL TERMS FOR 
EXPRESSING THE UNIT COST OF GENERATION

• THE METHODOLOGY APPLIES BOTH TO HYDROPOWER AND THERMAL 
GENERATION OPTIONS

• EQUIVALENT TO THE AVERAGE PRICE TO BE PAID BY CONSUMERS FOR 
GENERATION, TO REPAY EXACTLY THE INVESTOR/UTILITY FOR:
• CAPITAL INVESTMENT, FUEL AND 0&M COSTS FOR GENERATION
• PLUS A RETURN (INTEREST) ON CAPITAL INVESTMENT

• BUT - THE LEVELISED COST NORMALLY EXCLUDES TRANSMISSION AND 
DISTRIBUTION COSTS

• IN ORDER TO COMPARE A UNIT COST WITH THE AVERAGE TARIFF: ADD UNIT 
T&D COSTS

Presenter
Presentation Notes
METHOD 2 IS THE MORE COMMONLY USED ONE
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USES OF LEVELISED COST

• COMPARISON OF COST OF VARIOUS SOURCES OF SUPPLY

• OPTIMISATION OF A HYDROPOWER PLANT

• RANKING OF DOMESTIC HYDROPOWER PROJECTS

• BASIS FOR POWER TRADE NEGOTIATIONS

• IMPORTANT ELEMENT IN PPAs

• USER TARIFF SETTING
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UNIT COST FOR OPTIMISATION OF A HYDROPOWER PLANT

• ESTABLISH OPERATION MODE OF HPP (BASE 
LOAD, SHOULDER LOAD, PEAKING)  BASED ON 
PLANT AND RIVER CHARACTERISTICS

• IDENTIFY THERMAL PLANT ALTERNATIVE THAT THE 
HPP WILL COMPETE WITH

• CALCULATE  LEVELISED COST AND PREPARE 
SCREENING DIAGRAM FOR RELEVANT THERMAL 
PLANT

• SIMULATE ENERGY PRODUCTION FOR VARYING
HPP INSTALLED CAPACITIES

• ESTIMATE  CORRESPONDING UNIT HPP COSTS FOR 
COMPARISON WITH UNIT THERMAL PLANT COST

• DETERMINE OPTIMAL HPP SIZE, BASED ON A 
COMPARISON OF UNIT COSTS (AND OTHER 
RELEVANT ELEMENTS) 
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RANKING OF HYDRO PROJECTS BASED ON LEVELISED COST

Presenter
Presentation Notes
CANDIDATE HYDROPOWER PROJECTS IN LAOS ARE PRESENTED IN TERMS OF THE FINANCIAL TARIFF NEEDED TO SATISFY INVESTORS AND LENDERS, BASED ON AN ROE AFTER TAX OF 17%.
OF THE PROJECTS MODELED, NINE WOULD BE ATTRACTIVE CANDIDATES FOR PRIVATE FINANCING AT A TARIFF OF 7 ¢/KWH, BUT THIS REDUCES TO SEVEN IF THE OFFERED TARIFF WERE 5.5 ¢/KWH, AFTER DEDUCTING FOR TRANSMISSION COSTS AND IMPORT DISCOUNT.
THE IMPLISIT FINANCIAL SUPPLY CURVE INDICATES WHETHER A PARTICULAR PROJECT IS BANKABLE AT THE AVOIDED COST AT THE TIME IN THE TARGET MARKET, HERE THAILAND FOR HYDROPOWER PROJECTS IN LAOS.
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PRICING BASIS FOR POWER TRADE

ALTERNATIVE PRINCIPLES:
• COST – PLUS CALCULATION
• AVOIDED COST
• BENEFIT SHARING
• MARKET BASED PRICE
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COST- PLUS CALCULATION (1)

• A CALCULATION OF PRICE OF ELECTRICITY TO HYDROPOWER
BASED ON:
• OPERATION AND MAINTENANCE COSTS
• SERVICING OF DEBT TO FINANCE PROJECT
• YIELDING A ”REASONABLE” RATE OF RETURN ON INVESTMENT

• PROPOSED BY SOME COUNTRIES TO DOMESTIC IPPs AND 
FOREIGN EXPORTERS

Presenter
Presentation Notes
THIS IS A MODIFIED VERSION OF LEVELISED COST (NOT LEVEL OVER TIME)
SINCE DEBT SERVICING FALLS TO ZERO WITHIN THE LICENCE PERIOD, THIS METHOD RESULTS IN A FALLING PRICE OF ELECTRICITY PAID TO THE GENERATOR, AT THE END COVERING ONLY THE FIRST AND THE LAST ELEMENT.
INDIAN POLICY PRESCRIBES 16% AS A REASONABLE RATE OF RETURN
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COST- PLUS TARIFF (illustr.)

USc/kWh

YEARS

2

4

6

8

10 25

COST- PLUS 
HYDRO

LEVELISED COST 
HYDRO 

FALLING DEBT SERVICE

DEBT  FULLY REPAID           
(COVERS ROE + O&M)

Presenter
Presentation Notes
FIGURES TAKEN FROM UPPER KARNALI, IN PRINCIPLE IN NOMINAL PRICES, BUT MY FIGURES ARE FIXED AS NO ADJUSTMENT FOR INFLATION (MEIER FIGURE 8.9, P. 84). 
LEVELISED COST FOR UPPER KARNALI BASED ON INVESTMENT COSTS INCL. IDC OF 647 MILL. (MEIER P. 31) WHICH WERE ANNUALISED AT 12% OVER 50 YEARS – USD 76.7 MILL. – PLUS 0.7% O&M OF INVESTM. EXCL. IDC (USD 405) = 2.8 MILL., DIVIDED BY MEAN ANNUAL ENERGY OF 1874 GWH (MEIER P. 31), YIELDING USc 4.2/KWH.
EXPERIENCE SHOWS THAT THE FRONT-LOADING OF THE COST-PLUS TARIFF, THOUGH PERMITTED UNDER THE NORMS, WILL BE A VERY CONTENTIOUS ISSUE IN PPA-NEGOTIATIONS, FOR THE FIRST-YEAR TARIFF IS INEVITABLY WHAT IS LEAKED TO THE PRESS.
THE DROP IN COST-PLUS AFTER 13 YEARS HAS TO DO WITH THE END OF THE DEBT SERVICE COSTS, AFTER WHICH THE TARIFF REFLECTS ROE TO THE INVESTOR AND O&M COSTS.
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COST- PLUS CALCULATION 2

• ARGUMENTS AGAINST COST-PLUS CALCULATIONS AS  BASIS 
FOR POWER EXPORTS PRICING:
• DOES NOT RECOGNISE THE PRINCIPLE OF SHARING FAIRLY THE 

BENEFITS OF TRADE
• LITTLE RECOGNITION OF RELATIONSHIP: RISK – REWARD IF APPLIED 

TO THERMAL AND HYDROPOWER PROJECTS ALIKE
• BURDENSOME REPORTING AND AUDIT REQUIREMENTS 

(VERIFICATION AND MONITORING OF VARIOUS COST ELEMENTS)
• AND, MORE GENERALLY, REWARDS INEFFICIENT PRODUCTION 

MANAGEMENT

INDIAN POLICY PRESCRIBED 
16% AS A REASONABLE RATE 
OF RETURN FOR BOTH HYDRO 
AND THERMAL PLANTS

Presenter
Presentation Notes
DOES NOT RECOGNISE THE PRINCIPLE OF SHARING FAIRLY THE BENEFITS OF TRADE:  SINCE IT FOCUSES ONLY ON THE COSTS OF DEVELOPING THE HPP WITH AN ADDITION FOR ROE, IT IS LOPSIDED INSOFAR AS IT DOES NOT CONSIDER WHAT THE COST OF THE ALTERNATIVE SOURCE OF ENERGY  IS FOR THE BUYER, I.E. IT DOES NOT CATER FOR A FAIR SHARING OF THE HYDROPOWER RENT.
LITTLE RECOGNITION OF RELATIONSHIP: RISK – REWARD:  APPLYING A FIXED 16% DOES NOT RECOGNIZE DIFFERENCES REGARDING RISK AND TIME REQUIRED FOR THE INVESTOR TO RECOVER HIS INVESTMENT, BETWEEN THERMAL AND HYDROPOWER PROJECTS IN GENERAL, AND BETWEEN DIFFERENT HYDROPOWER PROJECTS.  THIS HAS RESULTED IN MOST IPP INTEREST IN INDIA BEING TOWARDS THERMAL PROJECTS.
ANOTHER PROBLEM IS RISK ALLOCATION. IN PPAs THERE ARE PROVISIONS RENEGOTIATIONS FOR UNFORESEEN CONTINGENCIES (E.G. HYDROLOGY), A FEATURE THAT SHIFTS SOME OF THE RISK BACK TO THE BUYER.  A PROJECT BASED ON COST-PLUS WILL FACE HUGE DIFFICULTIES AND CAN EXPECT PROTRACTED NEGOTIATIONS IN ORDER TO ARRIVE AT SOMETHING THAT THE PARTIES CAN SETTLE ON, GIVEN THE TRACK RECORD OF INDIAN ADMINISTRATIVE PROCEDURES. 
ONEROUS REPORTING AND AUDIT REQUIREMENTS ARE DEMANDED BY THE SEBs FROM THE GENERATOR
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30

AVOIDED COST  (1)

• A CONCEPT NORMALLY USED IN THE CONTEXT OF A UTILITY 
THAT MAY:
• IMPORT ELECTRICITY FROM A NEIGHBOURING COUNTRY 
• PURCHASE ELECTRICITY FROM DOMESTIC IPPs

• THE AVOIDED COST IS IN THIS CASE THE UTILITY'S OWN LEAST-
COST SOURCE OF GENERATION THAT CAN BE POSTPONED - OR 
AVOIDED IF THE ALTERNATIVE (IMPORT OR IPP GENERATION) IS 
LESS COSTLY

• WHEN COMPARING COSTS THE ASSUMPTION IS THAT THE 
OUTPUT FROM THE  ALTERNATIVE SHOULD BE OF THE SAME:
• TYPE OF POWER (PEAKING, SHOULDER, BASE LOAD)
• RELIABILITY

AS THAT OF ITS OWN GENERATION
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31

AVOIDED COST (2)

• THE UTILITY'S OWN SOURCE OF SUPPLY MAY BE A THERMAL OR  A 
HYDROPOWER PLANT, BUT WILL NORMALLY BE  A THERMAL PLANT 

• THE COST OF THE (THERMAL) PLANT CONSISTS OF SUM OF LIFETIME: 
• INVESTMENT COSTS
• FUEL COSTS
• FIXED AND VARIABLE O&M COSTS
• THE TOTAL IS NORMALLY EXPRESSED AS A UNIT COST: USc/kWh

• THUS THE AVOIDED COST IS EXPRESSED IN TERMS OF LEVELISED COST

Presenter
Presentation Notes
SINCE ALTERNATIVE HYDROPOWER OPTIONS OFTEN ARE NOT AVAILABLE OR DIRECTLY COMPARABLE TO THE HYDROPOWER PROJECT IN QUESTION, THE CLOSEST ALTERNATIVE USED IS ONE OR MORE THERMAL OPTIONS
THE TYPE OF THERMAL PLANT NORMALLY COMES OUT OF LEAST-COST DEVELOPEMENT PLANS THAT SHOW WHAT TYPE, SIZE AND TIMING OF THERMAL PLANTS NEEDED IN THE CASE WITHOUT THE HYDROPOWER OPTION (WHETHER DOMESTIC HYDROPOWER OR IMPORTED HYDROPOWER, IN THE WITH-CASE)
WHETHER THE COST IS EXPRESSED AS A UNIT COST OR A PV COST, THE COMPONENTS THAT GO INTO IT ARE THE SAME
THE AVOIDED COST IS THE EQUIVALENT TO THE LEVELISED UNIT COST CONCEPT: REF EARLIER PRESENTATION OF HYDROPOWER COSTS.  THE MAIN DIFFERENCE BETWEEN TWO FIGURES FOR A HYDRO PROJECT AND A THERMAL PROJECT WILL BE THE RELATIVELY HIGHER INVESTMENT COSTS FOR HYDRO AND THE FUEL COSTS FOR THE THERMAL PLANT.
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AVOIDED COST
IN A DOMESTIC CONTEXT

ILLUSTRATION: NEPAL ELECTRICITY ACT 1992

• PARAGRAPH 21:
• (1) IF ANY PERSON DESIRES TO SELL IN BULK THE ELECTRICITY 

GENERATED PURSUANT TO THIS ACT, GOVERNMENT OF NEPAL 
MAY PURCHASE OR CAUSE TO PURCHASE SUCH ELECTRICITY 
TO THE NATIONAL GRID.

• (2) THE RATE OF ELECTRICITY PURCHASED PURSUANT TO SUB-
SECTION (1) SHALL BE DETERMINED ON THE BASIS OF FIXED 
PERCENTAGE OF AVOIDED COST OR AN ADDITION TO THE 
GENERATION COST OR FIXED PERCENTAGE OF AVERAGE 
TARIFF OF NEA.
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AVOIDED THERMAL COSTS 
IN THE CONTEXT OF POWER TRADE

• AVOIDED COST IS BASED ON:
• THE TYPE OF POWER NEEDED BY THE IMPORTING COUNTRY 

(BASE LOAD, SHOULDER LOAD, PEAKING POWER)
• THE TYPE OF PLANTS IN THE IMPORTING COUNTRY'S 

GENERATION EXPANSION PLAN
• THE LEVELISED COST OF THESE PLANTS AT RELEVANT 

PLANT FACTORS
• THE AVOIDED COST IN THE IMPORTING COUNTRY:

• FORMS ONE BASIS FOR TARIFF NEGOTIATIONS WITH THE 
HYDROPOWER EXPORTING COUNTRY

• BUT IT MAY NOT BE READILY AVAILABLE FOR COMMERCIAL 
REASONS

• THEREFORE – THE HP EXPORTING COUNTRY SHOULD MAKE 
ITS OWN ESTIMATES (BASED ON GENERIC CAPITAL COSTS + 
LOCAL FUEL & O&M COSTS) AS PART OF PREPARATIONS 
FOR NEGOTIATIONS

Presenter
Presentation Notes
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FROM DISCUSSIONS BETWEEN NEPAL AND INDIA ON AVOIDED COSTS 
(WITH REFERENCE TO PANCHESHWAR PROJECT)

• THE WATER RESOURCES MINISTER OF NEPAL AT THAT TIME CLAIMED 
THAT THE PRINCIPLE OF DISPLACED COST OF ALTERNATIVES SHOULD 
BE APPLIED IN THE EVALUATION OF BENEFITS

• INDIA COUNTERED THE RELEVANT ALTERNATIVES AVAILABLE IN 
INDIA COULD WELL MEAN OTHER HYDROPOWER OPTIONS, NUCLEAR, 
GAS, ETC., AND NOT NECESSARILY COAL FIRED PLANTS THAT THE 
NEPALI MINISTER HAD IN MIND

• INDIA'S ANSWER IMPLIES AN ACCEPTANCE OF THE PRINCIPLE OF 
AVOIDED COSTS AS ONE ELEMENT IN PRICE DISCUSSIONS 
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BENEFIT SHARING IN POWER TRADE
(THERE IS MORE TO IT THAN COST PLUS OR AVOIDED COST ALONE)

• THE IMPORTER’S AVOIDED COST (USc/kWh) WOULD REPRESENT THE 
CEILING IN THE PRICE NEGOTIATIONS BETWEEN SELLER AND IMPORTER

• THE COST- PLUS FIGURE OF THE HYDROPOWER SCHEME WOULD 
REPRESENT THE FLOOR IN THE NEGOTIATIONS

• THE FINAL PRICE SHOULD LIE BETWEEN THE CEILING AND THE FLOOR 
ALLOWING 
• FOR TRANSMISSION COSTS
• FOR RISKS FROM IMPORTER'S PERSPECTIVE
• THE PARTIES TO SHARE THE BENEFITS OF TRADE 

• SALES AGREEMENTS WHERE AVOIDED COST HAS PLAYED A ROLE:
• LAOS/THAILAND
• CANADA/US

Presenter
Presentation Notes
THE FINAL PRICE WOULD NORMALLY LIE SOMEWHERE BETWEEN THE COSTS OF THE HYDROPOWER PROJECT AND THE COST OF THE THERMAL ALTERNATIVE – FOR SEVERAL REASONS:
IF THEIMPORTER (BUYER) HAS TO PAY THE FULL AVOIDED COST, HE MIGHT AS WELL BUILD HIS OWN PLANT SINCE THERE IS NOE GAIN FOR HIM FROM TRADE.  THUS IT IS NORMAL TO TALK ABOUT SHARING THE BENEFITS FROM TRADE, ALTHOUGH NOT NECESSARILY 50%/50%.
AN IMPORTER WILL NORMALLY HAVE LESS CONTROL OVER THE SUPPLY COMING FROM ANOTHER COUNTRY.  HE WILL THEREFORE TEND TO CONSIDER IMPORTS AS LESS RELIABLE THAN DOMESTIC SUPPLY, AND THEREFORE REQUIRE A DISCOUNT.  FOR THE BUYER, THERE IS THEREFORE A TRADE-OFF BETWEEN SECURITY AND COST: THE GREATER HIS WILLINGNESS TO IMPORT - WITH ASSOCIATED LOWER SECURITY, THE LOWER PRICE HE WILL BE PREPARED TO PAY.
IT IS NOT OBVIOUS THAT AVOIDED COST IS THE BASIS FOR SALES AGREEMENTS BETWEEN LAOS AND THAILAND, BUT IT IS REPORTED THAT THE COST OF THAI IPPs FORM A CONCEPTUAL CEILING WHICH THAILAND KEEPS IN MIND WHEN CONSIDERING WHAT THEY WILL OFFER LAOS.
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BENEFIT SHARING: ILLUSTRATION
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Presenter
Presentation Notes
FIGURES TAKEN FROM UPPER KARNALI, IN PRINCIPLE IN NOMINAL PRICES, BUT MY FIGURES ARE FIXED AS NO ADJUSTMENT FOR INFLATION (MEIER FIGURE 8.9, P. 84). 
LEVELISED COST FOR UPPER KARNALI BASED ON INVESTMENT COSTS INCL. IDC OF 647 MILL. (MEIER P. 31) WHICH WERE ANNUALISED AT 12% OVER 50 YEARS – USD 76.7 MILL. – PLUS 0.7% O&M OF INVESTM. EXCL. IDC (USD 405) = 2.8 MILL., DIVIDED BY MEAN ANNUAL ENERGY OF 1874 GWH (MEIER P. 31), YIELDING USc 4.2/KWH.
THE AVOIDED COSTS REPRESENT THE NET-BACK PRICE OF GAS-FIRED PLANTS IN INDIA, APPROX. USc 6.5/kWh, EXPRESSED IN ECONOMIC TERMS AS THESE ARE THE UNSUBSIDISED COSTS WHICH WILL PREVAIL IN THE LONG RUN, AND AFTER ADJUSTMENT FOR TRANSMISSION COSTS.  HOWEVER, THESE GAS PRICES WILL NOW BE MUCH HIGHER AS THEY ARE INFLUENCED BY THE PRICE OF OIL



Oh/maler/No-1ligg_ny1200mes.ppt 13.01.01‹#
›

NETBACK PRICES 
IN A POWER SECTOR CONTEXT

• NETBACK PRICING REFERS TO THE PROCESS OF EQUALIZING THE COST 
OF THERMAL ENERGY TO THE COST OF HYDROPOWER
• BY ADJUSTING FOR TRANSMISSION COSTS, EXPORT TAXES AND TRADE 

DISCOUNT,  COMBINED ALSO KNOWN AS TRADE COST BARRIERS
• NETBACK PRICE = THE PRICE FACING, SAY, AN EXPORTER'S

HYDROPOWER PROJECT, AFTER EXPLICITLY TAKING INTO ACCOUNT
TRADE COST BARRIERS BETWEEN EXPORTING AND IMPORTING COUNTRY

• THUS, IT CAN BE SEEN AS EQUAL TO THE AVOIDED COST OF A 
POWER IMPORTING COUNTRY MINUS THE TRADE COST BARRIERS

• NETBACK PRICE IS IN REALITY JUST ANOTHER TERM FOR AVOIDED
COST
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ILLUSTRATION OF TWO LEVELISED COST TERMS

TRANSMISSION
COSTS + 
IMPORT 
DISCOUNT

THAI AVER. 
AVOIDED COST 
(IPP CCGT)

NETBACK PRICE 
TO LAO HP 
DEVELOPERS

Presenter
Presentation Notes
CANDIDATE HYDROPOWER PROJECTS IN LAOS ARE PRESENTED IN TERMS OF THE FINANCIAL TARIFF NEEDED TO SATISFY INVESTORS AND LENDERS, BASED ON AN ROE AFTER TAX OF 17%.
OF THE PROJECTS MODELED, NINE WOULD BE ATTRACTIVE CANDIDATES FOR PRIVATE FINANCING AT A TARIFF OF 7 ¢/KWH, BUT THIS REDUCES TO SEVEN IF THE OFFERED TARIFF WERE 5.5 ¢/KWH, AFTER DEDUCTING FOR TRANSMISSION COSTS AND IMPORT DISCOUNT.
THE IMPLISIT FINANCIAL SUPPLY CURVE INDICATES WHETHER A PARTICULAR PROJECT IS BANKABLE AT THE AVOIDED COST AT THE TIME IN THE TARGET MARKET, HERE THAILAND FOR HYDROPOWER PROJECTS IN LAOS.
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NETBACK PRICES FACING A HYDROPOWER PROJECT 
(CASE: NEPAL I HPP)

OCCT CCCT
Cost item 3 4
Hours per day Hours 8 8
Plant factor % 0,33 0,33
Fuel: Imported LNG, border price US$/mmBTU 5,00 5,00
Landfall price Rs/1000 CM 7 310 7 310
Transportation Rs/1000 CM 1 150 1 150
Royalty Rs/1000 CM n.a. n.a.
Delivered fuel price Rs/1000 CM 8 460 8 460
Calorific value KCal/CM 8 500 8 500
Burner tip price Rs/millionKCal 995 995
Heat rate KCal/kWh 2 900 2 000
Fuel cost Rs/kWh 2,89 1,99
Investment cost Rs/kW 17 200 28 900
Investment cost US$/kW 400 672
Discount rate % 12 % 12 %
Economic life Years 20 20
Annualised capital cost Rs/kW/year 2 303 3 869
Operating hours Hours per year 2 920 2 920
Capital cost Rs/kWh 0,79 1,33
Fixed operating cost Rs/kW/year
Fixed operating cost Rs/kWh 0,06 0,32
Variable operating cost Rs/kWh 0,12
Total cost/kWh Rs/kWh 3,85 3,64
Total cost/kWh USc/kWh 8,97 8,45
Transmission loss % 2 2
Transmission cost US$/kW 190 190
Transmission cost Rs/kW 8 170 8 170
Annualised transmission cost Rs/kWh 0,37 0,37
Annualised transmission cost USc/kWh 0,87 0,87
Total cost (netback) @ Upper K. Rs/kWh 3,41 3,20
Total cost (netback) @ Upper K. USc/kWh 7,93 7,43

@ economic prices INDIAN THERMAL
ALTERNATIVES

TOTAL UNIT COST  
OF THERMAL 
ALTERNATIVES

TRANSMISSION
COSTS

NETBACK UNIT 
PRICE FACING HPP

FOR A HPP TO BE 
COMPETITIVE, ITS 
TOTAL UNIT COST 
MUST BE LESS 
THAN THE 
NETBACK PRICES 
OF THE THERMAL
OPTIONS
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MARKET BASED PRICE
• IN A DEREGULATED MARKET WITH SEVERAL BUYERS AND SELLERS, THE 

PRICE OF ELECTRICITY WILL BE DETERMINED ON THE BASIS OF SUPPLY 
AND DEMAND

• NO PPA

kWh

USc/kWh

MARKET PRICE

DEMAND = SUPPLY

• MARKET  BASED PRICING
• RISKY FROM INVESTOR'S POINT OF VIEW
• DIFFICULT TO FINANCE ON A PROJECT FINANCE BASIS
• FOUND MAINLY IN MATURE POWER SYSTEMS, E.G. TRADE BETWEEN SCANDINAVIAN COUNTRIES 

AND IN SOME LATIN AMERICAN COUNTRIES (BUT WITH SIGNIFICANT ELEMENTS OF PPAs)

DEMAND

SUPPLY

Presenter
Presentation Notes
ON THE BASIS OF SUPPLY AND DEMAND:  LIKE FOR DAILY COMMODITIES IN PRINCIPLE LIKE HOW PRICES OF VEGETABLES, MEAT, FRUIT, ETC. ARE DETERMINED.
THE DIFFERENT TYPES OF PRICING MODELS MAY BE COMBINED, E.G. AVOIDED COST IN THE BEGINNING, REPLACED BY MARKET PRICING BASED ON CERTAIN CRITERIA (TIME, DEREGULATION OF POWER SECTOR, ETC.).  THIS IS MORE FLEXIBLE AND FAIRER THAN AGREEMENTS WITH NO OPTION FOR CHANGE.
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COST ELEMENTS IN USER TARIFF SETTING

• ENERGY COST
• CAPACITY COST
• THESE COSTS APPLY TO 

• POWER GENERATION
• TRANSMISSION AND DISTRIBUTION (T&D)

• ENERGY AND CAPACITY COSTS MAY IN THE TARIFF BE 
EXPRESSED AS A SINGLE NPR/kWh FIGURE, CALCULATED IN 
TERMS OF LEVELISED COST

• OR AS COMBINATION OF A kWh FIGURE PLUS A FIXED 
MONTHLY CHARGE
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NEPAL: SELECTED UNIT ELECTRICITY COSTS, PRICES, TARIFFS
USES OF LEVELISED COST
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Presenter
Presentation Notes
UTKHEP: My cost calc. (see below) ofUSc 3.97/kWh, comes out close to (as per ICRA/Nepal, Jan 2018) aver wet/dry season PPA tariff for UTHEP, NPR 3,63/kWh for wet season and NPR 6,96 for dry, with 87%/13% of annual output in wet/dry season => NPR 4,06, applying NPR 110/USD => USc 3,7.  This fig. at 3% p.a. escalation for 9 consecutive years can be rounded to USc 4,0 (4,3 after 5 years' escalation, but due to discounting the rate in the early 4 years count more, hence, USc 4,0 is used by me in diagram). My calculation of unit cost with NPR 50 billion (USD 455 million) , 9 years construction, and 12% discount rate (as assumed here for loans), yields USc 3.97/kWh) which indicates that the USc 4,0 PPA rate should yield a reasonable profit (12%!).
NEA aver. w/s 2018 rate: The Himalayan Jan 2018 , aver. rate winter/summer NPR 8,40/4,80, with 40/60% w/s supply => aver, NPR 6,24 => Usc 5,7 @ NPR 110/USD, rounded to 6.0, also due to 3% p.a. escalation clause for 8 times.
Imports fm NTPC: As per the Himalayan Times 29 March 2018: NPR 6.36 @ NPR 110/USD =>Usc 5.8 from 01.04.19 . As per new PPA between NEA and NTPC the rate increase by 5% after 6 months, i.e. as per Nov 2018 USc. 6,07, rounded to USc 6.0. PPA rate is decided during the Nepal-India energy secretary-level talks.   As per NTPC, the government nodal agency of power trading in the Indian market, the average clearing price of electricity exchange is as per March 2018 IRs 4.19 (Rs 6.7) per unit in India.
Cost of other imports from India, 8,2.  Source: see previous comments on imports
As per WB 2018, p.46, NPR 10,8 @ NPRR 110 per USD => Usc 9,8
WB 2018 p 48
WB 2018: p 40 : "expensive storage schemes in Nepal >NPR 10 per kWh = Usc 9,1, since WB writes >NPR 10 at 1USD = NPR 110 I round this up to Usc 10,0.
As per WB 2018 p. 48. Average cost of supply NEA: NPR 10.1 = Usc 9.7/kWh.  P. 13. average tariff 32% below acos => Usc 6.6/kWh.  However, as per WB 2018 p. 46, and from dividing  total internal sales revenues by total internal sales , in NEA Annual report pp. 172, 174.  This may or may not be a discrepancy, “not” if there are cost or revenue elements that have nothing to do with elec. supply
As per ADB 2012 Regional Power Transm. Enhancement Proj.:"The economic benefit of the reduced outages is conservatively estimated assuming a willingness to pay of $0.25/kWh based on the cost of alternative diesel generation sources". Not applied: USc 56, assumed to approximate cost of blackout (~unserved energy), as per WB 2014 transm. Proj p 51
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WILLING TO PAY BUT UNWILLING TO CHARGE
EVIDENCE FROM SOME OTHER COUNTRIES

• UGANDA: SURVEY SHOWED THE FOLLOWING
• AVERAGE UGANDAN HOUSEHOLD SPENDS US$ 72/YEAR ON DRY CELL BATTERIES (USED 

IN 94% OF HOUSEHOLDS)
• DRY CELL BATTERY COST WORKS OUT AT:  US$ 400/KWh
• CAR BATTERIES, USED BY 5% OF HOUSEHOLDS: US$ 3/KWh
• SMALL DIESEL GENERATORS OWNED BUSINESSES AND WEALTHIER HOUSEHOLDS: USc

25/KWh
• 5% OF HOUSEHOLDS SERVED BY GRID ELECTRICITY (1997)
• HOUSEHOLD TARIFFS: USc 6-12/KWh

• LAOS:
• SURVEY SHOWED PEOPLE WILL PAY UP TO 10% OF INCOME ON ENERGY SERVICES

• NUMEROUS SURVEYS:
• PEOPLE ARE WILLING TO PAY MORE IF QUALITY AND RELIABILITY IMPROVE, BUT OBJECT 

TO PRICE INCREASES FOR POOR QUALITY
• CONCLUSION: EVIDENCE OF WILLINGNESS TO PAY (CUSTOMERS) 

- BUT UNWILLINGNESS TO CHARGE (POLITICIANS)
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