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Introduction

® A basic method for assessing economics of
a power plant is to calculate unit generation
cost and compare with the alternatives or
with the market price

® The choice of input data is decisive

® Economic comparison of various power
plants (in Finland) is presented as an
example.

®* The method is suitable for comparing
various nuclear power plant types.
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ECONOMIC COMPARISON OF POWER
PRODUCTION ALTERNATIVES

« ELECTRICITY ONLY PRODUCING PLANTS

« CHP (COMBINED HEAT AND POWER) NOT INCLUDED,
AS THE PRODUCTION COST OF ELECTRICITY
DEPENDS ON HOW THE TOTAL GENERATION COST
ARE SHARED BETWEEN ELECTRICITY AND HEAT

« HYDRO POWER NOT INCLUDED, BECAUSE UP-TO-DATE
INPUT DATA NOT AVAILABLE

- IN GENERAL "GOOD" CHP AND HYDRO POWER
SHOULD BE UTILISED (ECONOMICAL, ABATEMENT OF
CO2 EMISSION)
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ALTERNATIVES FOR COMPARISON

« 1500 MW NUCLEAR POWER PLANT
« 500 MW COAL-FIRED CONDENSING POWER PLANT
* 400 MW COMBINED CYCLE GAS POWER PLANT
« 150 MW PEAT-FIRED CONDENSING POWER PLANT
« 50 MW WOOD-FIRED CONDENSING POWER PLANT
1MW WIND POWER PLANT
»FULL CAPACITY OPERATING HOURS 8000 h/a (EXCEPT
WIND 2200 h/a)
(= ANNUAL ENERGY DIVIDED BY NOMINAL CAPACITY)
»LOAD FACTOR = 91,3 % (=CAPACITY FACTOR)
»PRICE LEVEL MAY 2006
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CALCULATION METHOD

* "OWN-COST” GENERATION COST OF ELECTRICITY
(WITHOUT ANY PROFIT OR TAXES) IS CALCULATED

« ANNUITY METHOD (=CAPITAL RECOVERY METHOD)

 (PAYBACK OF INVESTMENT IN EQUAL INSTALMENTS
DURING THE ECONOMIC LIFETIME)

« FIXED PRICE LEVEL (5/2006)
* REAL INTEREST RATE 5%

« ECONOMIC LIFETIME FOR NUCLEAR POWER PLANT 40
YEARS (TECHNICAL 60 a), FOR THE OTHERS 25 a

‘BASE CASE AND SENSITIVITY ANALYSES
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INPUT DATA

® The input data of the base case are shown
In the following graphs

® Emission price causes increment
® to fuel price and
® To electricity generation costs

®* 5 % is used as the real interest rate in the
base case. It is higher than the actual real
interest rate (about 3 %), but lower than the
owner companies use in order to generate
reasonable profit with the NPP investment.
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FUEL PRICES, May 2006
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FUEL PRICE & INCREMENT DUE TO EMISSION
PRICE OF 20 €/TON CO2
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MAY 2006 SPECIFIC INVESTMENT COSTS OF
POWER PLANTS (€/kW)

(THE INTERESTS DURING CONSTRUCTION ARE INCLUDED IN THE INVESTMENTYS)
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AVERAGE ANNUAL EFFICIENCIES OF POWER
PLANTS
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OPERATION AND MAINTENANCE COSTS 5/2006

(NUCLEAR WASTE MANAGEMENT COSTS ARE INCLUDED IN THE O&M COSTS.
THEIR SHARE OF O&M COSTS IS ABOUT 25 %. THEY COVER THE COSTS OF
MANAGEMENT OF SPENT FUEL, DECOMMISSIONING OF NPP AND LOW AND
MEDIUM ACTIVE WASTE.)
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PERFORMANCE AND COST DATA OF THE POWER PLANTS

INPUT DATA May 2006 prices

NUCLEAR| GAS | COAL | PEAT | WOOD | WIND
ELECTRIC POWER [MW] 1500 400 [ 500 [ 150 50 1
NET EFFICIENCYRATE [%] 37% | 58% | 42% | 40% | 39% -
INVESTMENT COST [million €] 3075 232 | 525 | 1725 | 675 | 11
SPECIFIC INVESTMENT COST [€/kW] 2050 580 | 1050 | 1150 | 1350 | 1100
FUEL PRICE [€/MWh] 1,10 | 20,80 | 7,40 | 7,50 | 12,00 -
FUEL COST OF ELECTRICITY
PRODUCTION [E/MWH 2,97 | 3586 | 17,62 | 18,75 | 30,77 -
OPERATION AND MAINTENANCE
COSTS, WHEN 8000 h/a [€/MWh] 8,00 400 | 7,30 | 7,00 | 830 | 10,00
SHARE OF VARIABLE O&M COSTS [%] 0% | 65% | 70% | S0% | 40% | 40%
ECONOMIC LIFETIME [a] 40 25 25 25 25 25
REAL INTEREST RATE [%] 5,00% | 5,00 % | 5,00 % | 5,00 % | 5,00 % | 5,00 %
ANNUITY FACTOR [%] 583% | 7,10% | 7,10% | 7,10% | 7,10 % | 7,10 %
EMISSION PRICE [€/MWh] 20 20 20 20 20 20
FULL LOAD UTILIZATION TIME [h/a] 8000 | 8000 | 8000 | 8000 | 8000 | 2200
CAPACITY FACTOR [%] 91,3% | 91,3%] 91,3% | 91,3% | 91,3% | 25,1 %
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CASH FLOW BASED ON ONE YEAR
OPERATION OF 1 kW

® Investment 2050 €/kW

® Electricity production 8000 kWh = 8 MWh

®* Fuel 3 €/ MWh + O&M 8 €/ MWh = 11 € MWh

®* Expenses (Fuel + O&M) of 8 MWh = 88 €/a

® Revenue:

® If electricity sales price 50 €/ MWh, 400 €/a

® Net cash flow (without capital costs) 312 €/a
® If el. price 40 €/ MWh, NCF = 232 €/a

® If el. price 26 €/ MWh, NCF = 120 €/a
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RESULTS FOR THE BASE CASE

®* Without CO2 emission price
®* With CO2 emission price




ELECTRICITY GENERATION COSTS, WITHOUT EMISSION TRADING
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ELECTRICITY GENERATION COSTS, WITH EMISSION TRADING
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RESULTS:

COST ITEMS OF THE ELECTRICITY PRODUCTION [E/MWAh]
ANNUAL FULL LOAD TIME= 8000 h/a (WIND 2200 h/a)
COST ITEM NUCLEAR| GAS | COAL | PEAT | WOOD | WIND
FUEL 2,97 35,86 | 17,62 | 18,75 | 30,77 | 0,00
OPERATION&MAINTENANCE 8,00 4,00 7,50 7,00 8,50 10,00
CAPITAL COSTS 14,93 5,14 9,31 10,20 | 11,97 | 35,48
TOTAL, WITHOUT EMISSION TRADING 25,91 45,01 | 34,43 | 3595 | 51,24 | 4548
INCREMENT DUE TO EMISSION TRAD. 0,00 6,96 16,22 | 19,08 | 0,00 0,00
TOTAL, WITH EMISSION TRADING 25,91 51,97 | 50,65 | 55,03 | 51,24 | 45,48
INCREMENT DUE TO EMISSION TRADING, WHEN EMISSION PRICE : 20,0 €/t CO2
NUCLEAR| GAS | COAL | PEAT | WOOD | WIND
EMISSION [kg CO2/Mwhe] 0 348 811 954 0 0
EMISSION COST [€/MWhe] 0,00 6,96 16,22 | 19,08 | 0,00 0,00
BREAKDOWN OF THE OPERATION AND MAINTENENCE COSTS [€/MWh]
COST ITEM NUCLEAR| GAS | COAL | PEAT | WOOD | WIND
FIXED O&M COSTS 4,00 1,40 2,25 3,50 5,10 6,00
VARIABLE O&M COSTS 4,00 2,60 5,25 3,50 3,40 4,00
O&M TOTAL 8,00 4,00 7,50 7,00 8,50 10,00
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SENSITIVITY ANALYSIS

Sensitivity with regard to

® CO2 emission price

® Fuel costs

® Investment costs

® Annual full-capacity operating hours
® Real interest rate

® Economic lifetime
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THE IMPACT OF EMISSION PRICE ON POWER
GENERATION COSTS
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THE IMPACT OF CHANGES IN FUEL COSTS ON POWER
GENERATION COSTS
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THE IMPACT OF INVESTMENT COSTS ON POWER
GENERATION COSTS
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POWER GENERATION COSTS AS FUNCTION OF THE
ANNUAL FULL-CAPACITY OPERATING HOURS
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THE IMPACT OF REAL INTEREST RATE ON POWER GENERATION
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THE IMPACT OF ECONOMIC LIFETIME ON POWER
GERERATION COSTS
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CONCLUSIONS OF THE COMPARISON

* NUCLEAR POWER IS SUPERIOR: 26 €/ MWh

* THE OTHERS ABOUT DOUBLE (WITH
EMISSION TRADING)

®* ALSO WITHOUT EMISSION TRADING
NUCLEAR IS CLEARLY MOST COMPETITIVE

®* THE SENSITIVITY ANALYSIS STRENGTHENS
THE COMPETITIVENESS OF NUCLEAR

®* AS NUCLEAR ALSO DECREASES THE
EMISSIONS, IT IS THE SELF-CLEAR CHOICE
FOR BASE LOAD PRUDUCTION
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PAYBACK DIAGRAM OF NUCLEAR INVESTMENT (2010:
2050) WITH ELECTRICITY MARKET PRICE OF 25,9
€/MWh
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PAYBACK DIAGRAM OF NUCLEAR INVESTMENT (2010:
2050) WITH VARIOUS MARKET PRICES OF

ELECTRICITY
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PROFITABILITY INDICATORS OF NUCLEAR
INVESTMENT

INVESTMENT =

3075

INSPECTION PERIOD: 2010 -2050

M€

INTERNAL
PRICE OF RATE OF PRESENT
ELECTRICITY RETURN WORTH PAYBACK TIME
(E/MWh) (M€) (a)
25,91 5,00 % 0 40
30 6,91 % 843 23
35 9,09 % 1872 15
40 11,16 % 2902 12
gEglsesasrmF;{VE%:ZL%n;%g?ggx 13,19 % * g3 Mermanqnal Atemic EnejggAgency \"i\i@j’




THE PROFITABILITY OF THE NUCLEAR
INVESTMENT

* WITH ELECTRICITY MARKET PRICE OF
40 €/ MWh OR MORE, THE PROFITABILITY
OF NUCLEAR INVESTMENT IS HUGE!

®* PAYBACK PERIOD 10-12 a

®* PRESENT WORTH (VALUE) IS OF THE
ORDER OF THE INITIAL INVESTMENT

® INTERNAL RATE OF RETURN 11 -13 %
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SUMMARY

® The annuity method is a good basic method
for calculating the unit generation cost and
for comparison of various power plants

® Other methods can be applied for more
detailed economic analysis

® The choice of input data is decisive for
economic assessment

® Business profit and risks connected to the
Investment are taken into account when
choosing the interest rate for calculation.

®* Unnecessarily high interest rate Is
unfavorable for nuclear investment.
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