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A. Mathematical Description of the Model

The model employed in this study is a least-cost optimization model. The objective function of the model is defined to minimize the entire system cost including power generation costs, coal cleaning and transportation costs, electricity transmission costs, pollution control costs, and the external damage costs of pollution emissions whenever they are applied.  In mathematical terms, then, the goal is to minimize:
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where,
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are cost factors; and 
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 represent sets of time periods, regions, generating technologies, fossil-fired generating technologies, fuels and pollutants.

The major constrains of the model are as follows: 

1.
Capacity constrains
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where 
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2. Electricity balance constrains
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3. Fuel balance constrains
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where 
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 are maximum available fuel production and transportation capabilities.

4. Emission constrains
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B. Overview of Levelized Cost Analysis

Levelized cost analysis is used in the power sector to compare the cost of generating electricity from different sources with different financial lifetimes.  The methodology spreads out all costs involved in building a facility and producing electricity over the economic life of the plant so the final kilowatt-hour costs can be directly compared.

The total cost per unit of electricity is

C/kWh = (Ka+ FC + O&M+EX+SF)/kWh

where

C 
= total cost

kWh 
= kilowatt hour

Ka 
= capital cost on an annualized basis, including construction

FC 
= fuel cost

O&M 
= annual operations and maintenance costs

EX 
= annual environmental externalities (costs to humans, agriculture, ecosystems, and materials)

SF 
= sinking fund on an annual basis, to address long term nuclear decomissioning and/or clean up costs.

Step 1: Find Annual Capital Cost per Unit

Ka 
= KkW  * ACCR

where

Ka 
= annual capital cost per unit (usually expressed as $/KW/year)

KkW 
= total capital costs per kW

ACCR = annual capital charge rate =  I/(1-(1+I)-n)

I 
= the interest or discount rate

n 
= the number of years assumed for the financial lifetime of the facility.

Capital costs begin to accumulate during the preoperational phase and should be accounted for as follows: total capital construction costs, K = Sumi=1,t (fi (1+I)i ), where fi are the funds expended in construction year i before plant operation  and t is the total number of years of construction before plant operation. Dividing by kW gives KkW.
Step 2: Find Fuel Costs per Unit

FC/kWh = HR * FP

where:

FC 
= fuel costs

HR 
= heat rate = fuel/kWh (often assumed) = MJ/kWh

FP 
= fuel cost per unit (often assumed) = $/GJ.

A fuel cost escalation term may also be used here. For example, if fuel costs are expected to rise by FE x 100% per year, then:

FPav 

= average fuel price during N years of operation = $/physical unit

FPav 

= sum i=0, n-1 (FP0 (1+FE)i)/N

where 

FP0 

= fuel price in the initial year. 

Step 3: Find O&M Costs per Unit

O&M/kWh 
= O&Ma / Thr/yr 

where

O&M/kWh 
= operations & maintenance costs in cents/kWh

O&Ma 

= annual O&M costs, total, in dollars

Thr/yr 

= hours per year of operation of a kW.

Step 4: Annual Environmental Costs per Unit

EX/kWh 
= EXa /Thr/yr

where

EX/kWh 
= environmental externality costs in dollars/kWh

EXa 

= total annual environmental externality costs, in dollars per kW

Thr/yr 

= hours per year of operation of a kW.

Step 5: Sinking Fund Costs per Unit

SF/KWh 
= SFa /Thr/yr

where

SFa 

= annual sinking fund level in dollars/kWh = TC * (I'*(1+I')n'/((1+I')n' - 1))

and

TC 

= total present value of decommissioning or cleanup costs.

Step 6: Add all costs

Total Levelized Cost = Ka + FC + O&Ma + Exa + SF

C. Acronyms and Abbreviations

Term
Meaning
Term
Meaning

ARCR
acid rain control area
LHV
lower heating value

AFBC
atmospheric fluidized bed combustion
LNG
liquefied natural gas

BCM
billion cubic meters
MOEP
Ministry of Electric Power

BOT
build, own, transfer
MOF
Ministry of Finance

CO2
carbon dioxide
Mt
million tons

CBM
coal bed methane
MW
megawatt

EIA
Energy Information Agency
MWh
megawatt-hour

EJ
exajoule
PFBC
pressurized fluidized bed combustion

ERI
Energy Research Institute (of the SPC)
PM
particulate matter

FDI
foreign direct investment
PNNL
Pacific Northwest National Laboratory 

FGD
flue gas desulfurization
PV
photovoltaic

gce
gram of coal equivalent
RMB
Renminbi (Chinese Yuan)

GDP
gross domestic product
SO2
sulfur dioxide

GHG
greenhouse gas
SECA
SO2 emission control areas

GW
gigawatt
SOE
state-owned enterprise

HHV
higher heating value
SDPC
State Development Planning Commission

IEA
International Energy Agency
SETC
State Economic and Trade Commission

IGCC
integrated gasification combined cycle
tce
tons of coal equivalent

kgce
kilogram coal equivalent
TSP
total suspended particulates

kW
kilowatt
TVE
township and village enterprise

kWh
kilowatt-hour
TWh 
terawatt hour
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CONVERSIONS

Energy

1 gigajoule = 1 x 109 joules

1 exajoule = 1 x 1018 joules

1 exajoule 
= 0.95 quadrillion British thermal units (Btu)



= 34.1 million tons of standard coal equivalent (Mtce)



= 47.8 million tons of Chinese average raw coal



= 23.9 million tons of Chinese average crude oil



= 26.5 billion cubic meters of standard natural gas



= 25.6 billion cubic meters of Chinese average natural gas



= 19.2 million tons liquid natural gas (LNG)



= 84.4 billion Kwh of electricity



= 59-71 million tons of air-dried firewood



= 62-83 million tons of air-dried crop residues

1 kilowatt (Kw) = 1 x 103 watts

1 megawatt (MW) = 1 x 106 watts

1 gigawatt (GW) = 1 x 109 watts

1 terawatt hour (TWh) = 1 x 1012 watt hour or 1 x 109 Kw

Currency

As of January 1, 1998

$1.00 = Y8.28

Y1.00 = $0.12
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