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ABSTRACT: The discussion of linkage analysis for human economy activity and the
nature (natural resources and environment) under the framework of sustainable
development has received increased attention by the international society, since the
report of the World Commission on Environmental and Development was published
in 1987. This heightening interest led to the proposal contained in Agenda 21 of the
United Nations Conference on Environmental and Development (Rio de Janiero Earth
Summit 1992) to encourage making integrated analysis for human economy activity
and natural resources and environment, not only from the macro-level (the world or
the state level) but also from the micro-level (enterprise or company level) . In this
paper, we try to make an such micro-level analysis for one kind of special and
important company——power company on the basis of our integrated input-output
accounting model of natural resources-economy-environment. In detail, we try to
establish one perfect and effective model with which we can make integrated analysis
for power company’s planning based on the linkage anaysis of nature
resource-economy-environment (Lei,1998,1999) and the theory of margina

opportunity cost (MOC) (Pearce, et al., 1989), in this paper.
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The discussion of linkage analysis for human economy activity and the nature (natural
resources and environment) under the framework of sustainable development has received
increased attention by the international society, since the report of the World Commission on
Environmental and Development was published in 1987. This heightening interest led to the
proposal contained in Agenda 21 of the United Nations Conference on Environmental and
Development (Rio de Janeiro Earth Summit 1992) to encourage making integrated analysis for
human economy activity and natural resources and environment, not only from the macro-level
(the world or the state level) but also from the micro-level (enterprise or company level). In this
paper, we try to make an such micro-level analysis for one kind of special and important company
—power company on the basis of our integrated input-output accounting model of natura
resources-economy-environment. In detail, we try to establish one perfect and effective model
with which we can make integrated analysis for power company’s planning based on the linkage
analysis of nature resource-economy-environment (Lei,1998,1999) and the theory of marginal
opportunity cost (MOC) (Pearce, et a., 1989), in this paper.

1 Basic Analysis

As we mentioned in our former analysis, there is one negative feedback system existing
between human economy activities and natural resource/environmental (Fig.1) since the existence
of economy externality. The cost of any kind of human economy activities not only contains the
consumption of all production factors (labor, capital etc.), but also the cost resulted from external
diseconomy caused by human activities. So does the Power Company. For the Power Company,

firepower generation usually results in some negative effects on ecological environment especialy
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atmosphere such as resulting in acid rain by SO2 emission, hydropower usually cause the
ecological damage nearby etc.. On the other hand, the usage of un-renewable natural resources
such as, coal resources as fudls, in power station can also result in exhaustion of these resources.
Similar to our former analysis, here, we aso classify the resources (natural resource) into physical
resource and environmental resource two kinds in light of its function, obviously, the external cost
(exhaustion/damages) brought by the power company can also be divided into two main parts (Fig.
1). One is the ecology damage caused by the over-exploitation of nature resources resulting from
the un-renewable resources used as fuels in power station, which mainly refers to the temporary or
eternal exhaustion of physical resource in amount, or in the other words, is a disappearance of
some kinds of physical resources, such as coal, petroleum, and natural gas etc., temporarily or
eternally. Another is the ecology damage caused by the pollutant emission, such as SO2, CO2 etc.,
produced in the power generation and supply, which mainly refers to the quality decreasing of
environmental resources (worsened in quality), means the service-quality of environmenta falls
down, such as globe warming, acid rain etc..

That means the cost of any kind of power generation & supply not only contains traditional
production costs (labor, fuels, fixed assets etc.), but also the cost resulted from external
diseconomy accompany with power generation & supply.

(+) (+)

Fuels Supply Existence Services
Natural Power Generation Natural
Resources & Supply Environment
Fuels Used Residues Emission
¢ )
Fig. 1
2Basic Table

In light of our above analysis on the negative feedback system between power generation &
supply and the nature including natural resource and natural environment, one kind input-output
table of power company behavior analysis be put forward as follows,
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Tablel
Output Resources | Fuels | Non-Fuels Power Dept. Pollution Fina Tota
Input Recovery Materials Power Power Abatement
Dept. Dept. Dept. Generation | Supply Dept. Demand | Output
Resources Used RS F F G%; S WE; Y& X8
Fuels R Fi F G S| W Y X;
Non- Fuels R™; F Fs G"; s"; w; Y™ X™
Materials
Power Power RY; = Fo GY; S WS, Y9 X9,
Generation
Power Supply | R% P i G’ S’ WS, Y5 X5
Pollution Emitted RY; Y P G% S WY Y XY,
Value-added N®, N’ N™, NS, NS N
Total Input z: Z\ zm ya) z; z",
Man-made Fixed W;e Wy’ w," w,? W;e A
Assets Assets
Natural Physical £ (Xie - Zf:
Resources
Environmntal th(xlw -2 :
Assets Assets

(where RS -- the amount of natural resource i consumed by resource recovering department j; Rfi,-
-- the amount of fuel i consumed by resource recovering department j; R“fij -- the amount of
non-fuel material i consumed by resource recovering department j; RY -- the amount of i’th kind
power (power generation) consumed by resource recovering department j; RS; -- the amount of i’th
kind power (power supply) consumed by resource recovering department j; R"j -- the amount of
pollution i emitted by resource recovering department j; F°; -- the amount of resource i consumed
by fuels department j (such as coa resources, petroleum resources, natural gas resources, water
resources etc.); F -- the amount of fuel i consumed by fuels department j; F™;; -- the amount of
non-fuel material i consumed by fuels department j; F%; -- the amount of i’th kind power (power
generation) consumed by fuels department j; F5; -- the amount of i’th kind power (power supply)
consumed by fuels department j; F";; -- the amount of pollution i emitted by fuels department j;
F*"; -- the amount of resource i consumed by non-fuels materials department j (such as coal
resources, petroleum resources, natural gas resources, water resources etc.); F™; -- the amount of
fuel i consumed by non-fuels materials department j; F™; -- the amount of non-fuel material i
consumed by non-fuels materials department j; F; -- the amount of i'th kind power (power
generation) consumed by non-fuels materials department j; F*;-- the amount of i’th kind power
(power supply) consumed by non-fuels materials department j; F*;-- the amount of pollution i
emitted by non-fuels materials department j; G°;-- the amount of resource i consumed by power

generation department j; Gfi,- -- the amount of fuel i consumed by power generation department |
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(such as coal, petroleum, natural gas, nuclear materials etc.); G”f”- -- the amount of non-fuel
material i consumed by power generation department j; G% -- the amount of i’th kind power
(power generation) consumed by power generation department j (such as electricity be consumed
by the power generation plant/station itself etc.); G% -- the amount of i'th kind power (power
supply) consumed by power generation department j (such as electricity of different kind of
voltages be consumed by the power generation plant/station etc.); G";; -- the amount of pollution i
emitted by power generation department j; S°; -- the amount of resource i consumed by power
supply department j; Sfij -- the amount of fuel i consumed by power supply department j (such as
oil be used in the dectricity transform machine etc.); S“f”- -- the amount of non-fuel materia i
consumed by power supply department j ; S%; -- the amount of i’th kind power (power generation)
consumed by power supply department j (such as electricity be consumed by all equipment of
power supply etc.); S5 -- the amount of i'th kind power (power supply) consumed by power
supply department j (such as electricity of different kind of voltages be consumed by all
equipment of power supply etc.); S%; -- the amount of pollution i emitted by power supply
department j; WS -- the amount of resource i consumed by pollution abatement department j; Wfij
-- the amount of fuel i consumed by pollution abatement department j; W”f”- -- the amount of
non-fuel material i consumed by pollution abatement department j; W9 -- the amount of i’th kind
power (power generation) consumed by pollution abatement department j; WS -- the amount of
i’th kind power (power supply) consumed by pollution abatement department j; W";; -- the amount
of pollution i emitted by pollution abatement department j; Y -- the amount of resource i
consumed by final user j; Y'; - the amount of fuel i consumed by final user j; Y™; -- the amount of
non-fuel material i consumed by final user j; Y9 -- the amount of i’th kind power (power
generation) consumed by final user j; YS; -- the amount of i’th kind power (power supply)
consumed by final user j; Y";;-- the amount of pollution i emitted by final user j; XS -- the total
amount of consumption of resource i; Xfi -- the total amount of consumption of fuel i; X“fi -- the
total amount of consumption of non-fuel material i; X9 -- the total amount of consumption of i’th
kind power (power generation); X% -- the total amount of consumption of i’th kind power (power
supply); X" -- the total emission of pollutant i; N--the value-added (labor wage, net social
income, etc.) created by recovering department j (including the depreciation in fixed assets);
ij--the value-added (labor wage, net social income, etc.) created by fuels department j (including
the depreciation in fixed assets); N”fj——the value-added (labor wage, net social income, etc.)
created by non-fuels materias department j (including the depreciation in fixed assets); N%--the
value-added (labor wage, net social income, etc.) created by power generation department |
(including the depreciation in fixed assets); N°--the value-added (labor wage, net social income,
etc.) created by power supply department j (including the depreciation in fixed assets); N“j--the
value-added (labor wage, net social income, etc.) created by pollution abatement department j
(including the depreciation in fixed assets); Z° -- the total amount of resource j recovered; ij -- the

total consumption by fuel department j; Z”fj -- the total consumption by non-fuel materials
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department j; Z% -- the total consumption by power generation department j; Z° -- the total
consumption by power supply department j; Z"; -- the total amount of pollutant j eliminated)

Like to our former Integrated Input-output Table of Natural

Resources-Economy-Environment, there are two noticeable characters existing in this table:

1) The table is designed based on the complete analysis of full external cost of human
economy activities (here is only focus on the power generation & supply) and the
relevant pricing theory of marginal opportunity cost , not the traditional basement——
the production cost pricing theory;

2) Thetableisextended from tow side compare with traditional input-output table, i.e. not
only the pollution emission & abatement but the natural resources exhaustion &
recovery, though W. Leontief considered about and do the work but only the former

extended side in his environmental-economy analysis (1972).

3 Basic Model
3.1 Physical Model

According to the basic relationship of table 1 (row), the following physical balancing
eguations can be gotten as,

1) Natural Resources

N n m
JZ:l Reij+JZlFije+JZlG +ZSJ ZFenf + Z WE +Y&= (1)

2) Fuels

N n | K M

Z Z * Z G +Jzzlslf + Jzzl Fijfnf + ]z:l Wfij +Yfi :Xfi (2
3) Non-Fuels

IIM Pz

M
RnfIJ n an G | S[ﬂf k F”nfnf +z \anij +Ynfi :ani (3)

4) Power Generatlon

N n m M
JZ:l Rgij + Jzzl F”-g + ]Zl G Z 2 Fjgnf + Jzzl ngj +Y9% = X5 (4)

=1

5) Power Supply

n

N | . K M . _ .
Jzzl Z +ZG +]Zl§j +ZF”_snf + ]Zl WS +P% = X5 (5)

6) Pollutants
N n m M
DR X+ B Tuw S  F)" +y W +YT=XY (6)
a = = =
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where N is the number of natural resources, n is the number of fuels (such as coal, petroleum,
natural gas, hydro, nuclear materials etc.), k is the number of non-fuels materials, m is the number
of power generation departments (unit: power plant/station), | is the number of power supply
department (includes electricity transportation department, electricity transform department,
eectricity distribution department etc. or high voltage's , medium voltage's, lower voltage's etc.),
M isthe number of pollution abatement department.

3.2 Value M odéel
According to the basic relationship of table 1 (column), the following value balancing

eguations can be get as following:
1) Natural Resources
N n K m I M
g PeiReij+ ;Pfinij_*_JZ_l PnfiRnfij + ; PgiRgij+gPSiRsij+;PWiRWij+Nej:PejZej (6)

2) Fues

N n m | M
PR+ S PIF s PR PR+ PR W RN =P Z
; J+; FJ-,Z F J+g J+; FJ"'gP Fo+Nj=P;Z] (7)

3) Non-Fuels
N n m | M
Z Peimeij"' Z Pfianfljz" F,nfiannfij + Z Pgi anfij"' z Psi anfij+ z PWi Fwn1°ij_|_l\|nfj:F;nszm‘j
1= =] Z. = =1 =
(8)

4) Power Generation

m | M
PGS ey P"G™; PAGY; PG+ ) PYGY+N%=P9Z¢
Z GJ+Z GJZ GJ+; Gﬁ; GJ"'; GTij+N5=P5 27

&
€)
5) Power Supply:
N n K m | M
Z Peiseij*‘zpfisfij"' Z Pnfisnfij +ZPgisgij+zpsi§ij+zPWiSWij"'NS':PSjZSj (10)
1= =) IE 1= £} =il
6) Pollutants
| M
Z PeWe”+z Pfo” Z P"anf” Z Pginij"'Z PsiWSij"'z P W";+N"=P"Z",
1=1 1= 1=1
(11)
where P P"; P% P5 are the cost per unit of fuel i (i=1,2,...,n), non-fuels materialsi (i=1,...,k),

electricity (power generation) i (i=1,2,...,m) and electricity (power supply) i (i=1,2,...,1)
respectively, P%  P"; are the natural resources compensation fee per unit natural resources i
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(i=1,2,...,N) used and the pollution abatement fee per unit pollutant i (i=1,2,...,M) emitted.

4 Applied Analysis
4.1 Decision Making—Production Planning

Obviously, another important application of our input-output table and model is the
production (power generation & supply) decision making or plan making. Similar to all kinds of
application of production plan making based on the input-output table and model, here the
production (power generation & supply) plan of the power company/enterprise can be made based
on the final demand on the power, by means of our above physical input-output model.

Let r% = R%/ZS, 19 =F%/Z'; , £ =F",/1Z2™, 0% =G%/ZY , &% =S%/Z5 , w® =WS/Z"
where % is direct consumption coefficient of natural resources recovery department j to natural

resource i; f% is direct consumption coefficient of fuel department j to natural resource i; 1

ij is
direct consumption coefficient of non-fuel materials department j to natural resource i; g%;is direct
consumption coefficient of power generation department j to natural resource i; <% is direct
consumption coefficient of power supply department j to natural resource i; w®; is direct
consumption coefficient of pollution abatement department j to natural resourcei;

Then equation (1) can be written as,

N n m | M

k
> iZ5+)y G20+ gZ)+ Y SZies 2N+ w20 46X
J__i j:l J:l J:1 J=1

IE

Let r'y = RY/Z8, 1 =Fy/zh, ™ =F"z";, oy =G/28, 8 =Si{/Z5, W'y =W';/Z";
where rfi,- is direct consumption coefficient of natural recovery department j to fuelsi; ffij is direct
consumption coefficient of fuel department j to fuels i; f™; is direct consumption coefficient of
non-fuel materials department j to fuelsi; gfi,- is direct consumption coefficient of power generation
department j to fuelsi; sf”- is direct consumption coefficient of power supply department j to fuelsi;
wfi,- is direct consumption coefficient of pollution abatement department j to fuelsi;

Then equation (2) can be written as,

N n m | M

f fof f f K dnf -nf f f_f

ri,-zej+zlfij Z, +ZlgijZ§+le“Zf+Z f”ijz”j+z wh 2% +Y =X,
I= IE: IE: =

=1
] &

Let rnfij - Rnfij 1z8, fnfij :anij /ij, fnfnfij :annfij /anj’ gnfij :anij 128, Snfij :Snfij 1z, anij :anij 1Z%,
where r”f”- is direct consumption coefficient of natural recovery department j to non-fuels materials
i; f";is direct consumption coefficient of fuel department j to non-fuels materials i; f™™;; is direct
consumption coefficient of fuel department j to non-fuels materials i; g"fi,- is direct consumption
coefficient of power generation department j to non-fuels materials i; s”fij is direct consumption
coefficient of power supply department j to non-fuels materials i; W”fij is direct consumption
coefficient of pollution abatement department j to non-fuels materialsi;

Then equation (3) can be written as,
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N M
J=1 r IJ i fijnf -f + z g|nf Zg z Z +kz fnfnf " +Z anij ZWJ +Ynfi:an|
IEN IEN JE

Let r% = R%/Z5, 9 =F%/Z", , 19" =F",/z2™; .o% =G%/Z5 , & =S%/Z5 , w¥; =W?%/Z",
where 19 is direct consumption coefficient of natural resource recovery department j to power
(power generation) i; 9 is direct consumption coefficient of fuel department j to power (power
generation) i; fgnfij is direct consumption coefficient of non-fuel materials department j to power
(power generation) i; g% is direct consumption coefficient of power generation department j to
power (power generation) i; s is direct consumption coefficient of power supply department j to
power (power generation) i; w9 is direct consumption coefficient of pollution abatement
department j to power (power generation) i;

Then equation (4) can be written as,

N

Z %27 + Z fz) + z 9;Z + z SZj+ kz iy 27 +%ngj Z"% +Y9%=X5
= & =
Let r% = RS/Z%, 1% =F%/Z); , £ =F",/1Z2"; .¢% =G3/Z% , 5 =S%/Z5 , W’ =W5/Z";

where r’; is direct consumption coefficient of natural resource recovery department j to power
(power supply) i ; % is direct consumption coefficient of fuel department j to power (power
supply) i; fmfij is direct consumption coefficient of non-fuel materials department j to power
(power supply) is g% is direct consumption coefficient of power generation department j to power
(power supply) is  s%is direct consumption coefficient of power supply department j to power
(power supply) is w¥;is direct consumption coefficient of pollution abatement department j to
power (power supply) i;

Then equation (5) can be written as,

M
I’”Ze Z st + Z gSZg + z 31] % fsnfIJ ani +Z Wsij ZWJ' +YSFXS|
£ . ¢ &l

IEN

N

=1

Let rWij = RWij/Zej, fWij :FWi,-/ZfJ- s fwnfij :Fwnfijlznfj ,gwij :Gwijlzgj , SWij :Swij/ZSj , WWij :Wwij/ZWj
where r"; is direct emission coefficient of pollutant i in natural resources recovery department j;

f*; is direct emission coefficient of pollutant i in fuel department j; f*™;

ij is direct emission
coefficient of pollutant i in non-fuel materials department j; g";is direct emission coefficient of
pollutant i in power generation department j; s"j is direct emission coefficient of pollutant i in
power supply department j; w"j is direct emission coefficient of pollutant i in pollution
abatement department j;

Then equation (6) can be written as,

10



Ming LEI Modeling for Integrated Planning of Electricity Company ESAM2001

N M

n m |
25y G20 Y GZ) Y ST e P ZN Y Wz XY
= B 2

i
=1
]_

LetR' =(r"y)", F =), G =(y)" . S=(sy) W=wy,
Z=(Z1,2Z,...20)7",
Y =(Y1,Y%., YO,
X =X, X g, X T
for* ase f,nf,g,s,w,andk =LL, n, km, |, M, the upper-symbol “T” indicates transferred matrix

=1

And let a;= Z%/ X% is proportion of natural resources-recovery, ;= Z";/ X", is proportion of
pollution-abatement, a = diag( ay, ay, ..., a), B =diag( By, B2 -, Bn),

then we have,

R aX*+ FX+ F X"+ G X+ S X +W X"+ Yo = X°

R aX*+F X+ F"X"+ G X+ SX°+ WpX"'+ Y =X

Rnf gxe+ anXf+ annfxnf+ anXg+ §fXS+ V\/‘f§XW+ Ynf: an
R aX+ FIX+ F" X"+ GIXI+ S XC+W BXY+Y9= X°

R aX+ X+ F X"+ GXI+ SX+W X"+ Y= X°

RY aXe+F¥ X'+ F™ X" +GY X9 +S" X+ W' XY+ Y = X"

bR° F° F* G°® S pweOOXxeO DveOd OXx°O
0 " 0 0 0 0
henceWRf Ff Fff Gf Sf Mflj%(flj %fm %(flj
@Rnf an annf an Snf Mnf D [b(nf D . B(nf D B [}(nf D
0 F9 FOf g9 go UL, O+ O=0 0
R AV ooX'o oo oX'o
s s snf s s s s [ s [] s O
%’Rw I:W I:an Gw SW MW D |:|>(w D E+YW D DXW D
PR F° F G" §" pv'gpX'g Y'g BX'[O
[b,Re Fe Fenf Ge Se Me D DYe D Dxe D
%Rf Ff anf Gf Sf Mf% %f% %(f%
let A= @Rnf an annf an Snf nf D B(nf D B(nf D
0 g g gnf g g MQD Y:DQD X:D QD
oR* F° FT G 8§ W o'’ o, X7 0
s s snf s s s [] s [] Ly s O
Bde I:W I:an C;w SW I&/vw D E*YW D |]Xw D
mR" F" F G" S§" pw'Qg B0 BX" 8

then AX+Y =X
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X=(-A)"1Y

Since the natural resources used directly by the final user and the pollutants emitted directly
by the final user has nothing to do with the power company production planning, and there are
obviously there is no natural resources directly used and no pollutants directly emitted by the final
user when they use the power company’s product——electricity. | addition, it's obviously the final
user can not and will not use the fuels supplied by the fuels department since here the fuels
department is only the fuels department belongs to the power company. Hence, the power
generation & supply can be made as following as the final demand on the power generation &

supply Y9, Y® by different users are given,

Oxe O bR® F°* F*' G°* S pwe0 000

f D D f f fnf f f f D D D

0 R F' F G' s' pwv'g0Q
E}(nf B: (I _%arf an annf an Snf Igvvnfg)mog
Xeo R OFYOFY G0 S pwin YO
s O RS s snf s s s OysQd
|jXWD W I:w Fwnf GW Sw IBVVWD D D
X" 8 BR" F F G sY pwYH B0

From here, not only the gross production (power generation & supply) plan——total power
generation and supply of the power company/enterprise can be made based on the final demand on
the power , but the relevant total amount of natural resources used/exhausted and total amount of

pollutants emitted can be known if the production plan be carried out.

4.2 Cost Analysis

In in the traditional power generation & supply planning analysis, cost analysis is usually
done by two important index ——the Cost of Per Unit Power Generation & the Cost of Per Unit
Power Supply. Here we try to give an same analysis on the basis of our input-output model.

As we know, as definition, the Cost of Per Unit Power Generation plant/station and the Cost
of Per Unit Power Supply are defined as follows,

Cost of Per Unit Power Generation (KW)

_total cost of
~ power generation of

power generation  plant/ station
power plant / station

Cost of Per Unit Power Supply (KW)

_ total cost of power supply department
“total power supply of power supply department

12



Ming LEI Modeling for Integrated Planning of Electricity Company ESAM2001

Suppose the Cost Per Unit Power Generation in power generation department (plant/station) j
is P (thousand US$/KW) (j=12,....m), the Cost Per Unit Power Supply in power supply

department j is ij (thousand USH/KW) (j=1,2,...,1>, and let d;is the depreciation rate of fixed

assets in department i, #7;%, 1, are direct occupancy of fixed assetsi per unit product of power
generation department j and direct occupancy of fixed assets i per unit product of power supply
department j, respectively,
8= W X®  (ij=1.2-m) , A= WIXS  (ij=1,2,m)

where W%, W, are total occupancy of fixed assets i of power generation department j and total
occupancy of fixed assetsi of power supply department j, respectively.

I/Iﬁ , VI}’jVare direct occupancy of fixed assets i per unit product of natural resources
recovery department j and direct occupancy of fixed assets i per unit product of pollutant

abatement department j, respectively,
W W

- ij —_ i
I/Iiej_ ny=—-_

x;’ X

where W

i ,WijW are total occupancy of fixed assetsi of natural resources recovery department j
and total occupancy of fixed assetsi of pollutant abatement department j, respectively.

According to our analysis above, power generation is the core of activities in the power
company and the other relevant activities (natural resources recovery and pollutant abatement) are
obviously accused by power generation. So all consumption of natural assets are supposed belong
to the power generation department here.

Let T;® is the consumption coefficient of natural physical assets i results from power
generation in power generation department j (can be estimated on the basis of apportion of the
difference between total amount of natural resources used and total amount of natural resources
recovered), T;"is the consumption coefficient of natural environmental assets i results from
power generation in power generation department j (can be estimated on the basis of apportion of

the difference between total amount of pollutants emitted and total amount of pollutants abated).

_t(x-zy o t(x -z

X ’ X

P
where t”e = X”e is the share of power generation department j in the consumption of natural

p

physical assetsi, tﬁv isthe share of power generation department j in the consumption of

-8
X"

natural environmental assetsi.

13
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Then on the basis our value input-output model we have,

N N k n m m |
2 PGS+ 2 P tﬁ(X,e —Zie)"‘; Fﬁfinnfij"' ;Pfinij + g Pdi 119+ ; PG+ ;PSiGSij"'
M

M
PWiGWij +Z PWi tW(XiW —ZiW)+ng +ng +ng = ngzgj (j:1,2,...,m)

ij

1= 1=
N K n m m | M
f ~fnf f
2 Peiseij+; Pn|G nij+ ; Pfi Sij+ ; Pgi Sgij+ g PsidiHijS+ gPSI Ssij+gpwi SWij + DS] + VSJ +

NS=PZS  (=12..)

where DY ,V% M9 are the depreciation of the fixed assets of power generation department j, the
salary of power generation department j and the operation surplus (taxes and profit) of power

generation department j respectively.

From our |-O table, let

e

ng = XiL is direct distribution coefficient of natural resources i in power generation
!
department j;
€
SL.]. = X”e isdirect distribution coefficient of natural resourcesi in power supply department j;
i
f
gL; = X—”f isdirect distribution coefficient of fueling i in power generation department j;
i
f
SLE 2% is direct distribution coefficient of fueling i in power supply department j;
G?
gL? = X—”g is direct distribution coefficient of power (power generation) i in power generation
i
department j;
9
s‘]ﬁ’ :ﬁ is direct distribution coefficient of power (power generation) i in power supply
department j;
S
gL’ = XIJS is direct distribution coefficient of power (power supply) i in power generation
i
department j;
S
SiHE x”S is direct distribution coefficient of power (power supply) i in power supply
i
department j;

14
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w

g];j.v :X—'{N is direct distribution coefficient of pollutant i emitted by power generation
i

department j;
W

SLV]-V = ﬁ is direct distribution coefficient of pollutant i emitted in power supply department j;

Then the above equations can be rewritten as,
N N n k m
Z PAg1%X 5+ z PATSX i+ ZP‘iglfinZ PYig1" X"+ ngiglgijxgi"'
1= 1=l =] 1= H
I M M
Z Psiglsi,-XSi+ Z Pwiglwijxwi+z PWiTWinfi+ng +ng +ng = Pg,-Xg,- (i=1,2,...,m)
1=L 1=1 =1

N n m
Z Peisleinei+ Z F;iS].finfi'F « p1fislnfijxnfi+ ngiSlgingi+
1=L 1=1 Z =3

1=

| M
ZPSiSlSinSi+ZPWiSIWinWi +DS+VS+NS=P5XS  (i=1,2,...))
=] =

Let G1°= (g1%), S1°= (s1%), G1'= (g1%), S1'= (s1f), G1%= (g1%), S1 = (s1Y%), G1°=
(91%), SI°= (s1%), G1" = (g1"), S1" = (s1)),
P'=(R", R .. P’
P*=(P%P},...,P3)"
D'=(D},D%..,DW,
V=(V,Va.. V)T,
M =M, M, ..., M7
then we can rewrite the above equations in the following matrix form,
PTXAG1%+ PTXNTS PTXNGL '+ PTTXATGL™+ PITXAIG 1%+ PTG 1%+ P TXAG L+ PYTXNT"+ DI
+V9+M%= p9Txnd
PITXS1%4+ PTXNSL+ PTTXATSL ™+ PITXN9S1 94+ PITXA°S1%+ PYTXAYSL" + D+ + M= PTTXA
where X9 = diag(X?, XJ2,..., X9), X® = diag(X?, X5,..., X5)

hence

PIT (I-G19XN-PSTXAG1® = PTXAG1%+ PETXAN T PTXAN G+ PMTXATG 1M+ PYTXAYG 1+ PYTXAT+
D% VI +M?

_PgTXAgSlg+ PST (I _SlS)X/\S - PeTX,\eSle_'_ PfTXAfg.f"' PnfTX,\nfSlnf_'_ PWTXAWS].W + DS+\/S + MS

(pr pryf "SI -XCGE g :
U0 =X9s1® (1 =S X[

15
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T)ZeGle_l_PeT)ZfTe_*_Pﬂ')ZfGlf +PnfT)2nfGlnf +PWT)2W@_W+PWT)2fTW+Dg +VI+M?
PeT)'ieSLe_l_PfT)ZfS_f +Pnﬂ')2nfanf +PWT)2WS-W+DS +VS+MS

from here, weget P9, P*" asfollows,

TREGL + PTXIGL +P"X"G1Y +D9 +V? +M°0
(P, PT) = 5 ) ) 0
OPTXS1I°+PTX Sl + PYTX"SI" +D°* +V°* +M* [

i ~GL9)X® - X°GI E'l_mcbn @,

where @ = ~ ~ =
0 - X9s1° (I =Ssr)X*0 n Py

and then, we get the cost of per unit electricity production (generation & supply), it is equal to the

m

2.7

J

average cost per unit power generation plus the average cost per unit power supply

|
S
2P
=1
——asfollows,

4.3 Theoretical price of electricity.

For Power Company, electricity pricing is the key and though the electric power system is a
single product economy system, the price of electric is complex. Usualy, the electric prices are
different from different users in practice. For example, agriculture sector usually enjoys the more
preferential trestment——Ilower electricity price in prices; two different kinds of prices are often
adopted within the industrial sector; for some specia products, the prices of electricity is very
cheaper and in for those sectors such as communication and transportation, municipal construction,
broadcast, scientific research, the price of electric is sole, etc.. Here we only discuss the theoretical
price because the actual price is on the basis of theoretical price and adjusted by the government
policies.

As well known, there are two well-considered principles in the electricity pricing 1.cost
principal; 2. fair-share of users principal.

Principle 1 is audio-visual and easy to count. It means that any electricity price should be
determined based on the cost of power generation & supply. In an another word, electricity
supplied to the users should pricing in light of the production cost of power (power generation &

supply). Though there are different electricity prices for different users in practice, the average

16



Ming LEI Modeling for Integrated Planning of Electricity Company ESAM2001

eectricity price over all users shouldn’t lower than the cost of per unit electricity production
(generation & supply), which can be calculated in our Input-output model as 4.2. This principleis
the first and basic principle in power production (power generation & supply) just like others
industrials. Asto principle 2, it is not so easy or alittle more complex compare with principle 1.

Considering different users consume electricity with different electric voltage and further
more different equipment is used to form different electricity of different voltage, therefore in
order to realize fair-share of the electricity price in different kind of users, the cost of electricity is
usually divided into two parts——fixed cost and flexible cost in the traditional power generation
& supply planning analysis. There, what is called fixed cost is the cost, which is un-changeable
with the electricity produced/generated & supplied, but flexible cost is the cost, which is
changeable with the electricity produced/generated & supplied.

Usually, fixed cost includes al the fixed assets investment such the construction investment
which includes the dam construction of hydro-power station, nuclear reaction-pile build of nuclear
power station etc., special coal mine for coal-power plant investment, power generation equipment
which includes electricity generation machine, electricity transform machine etc., power
transportation wire net investment, natural resources recovery factory/equipment investment,
pollutants abatement factory/equipment investment, all employees wage etc. Flexible cost includes
fuels fee, the natural resources compensation fee, the pollution abatement fee and operation
surplus of the whole power company which includes al departments of the company such as
natural resources department, power generation department, power supply department and
pollution abatement department etc..

In the traditional power generation & supply planning analysis, the fixed cost sharing in the
users hasto consider the following 3 factors,

1) the maximum demand for electricity per year per kind of users.
2) the total electricity consumption of per year per kind of users.
3) the load at the peak-load tine of electricity system per kind of users
Asto the flexible cost sharing of users, only the total electricity consumption per year should
be considered.

Here, users are divided into K kinds (such as agriculture, industry, lighting, etc.) and the
style of power supply are assumed only three kinds i.e. high voltage, medium voltage, lower
voltage etc..

Let ! I s Gf
o°= (J:—) T_Z(m I ) U _Z(m f l f)
TGS = )6 Si

S Ge o+ S 2.6*)

1=1 e e i
ZGI] + Z SIJ J=l ]:1 J:]_ J=l
J= 1=

|
n S”f k Gi?f K S'Tf
= Z( m ]Z | ) a'nf = ( m ]Z | ) Tnf - Z( m JZ I
1= Gf + S”f 1= G?7+ z Sl?f 1= ZGi?f + z S|Tf
=1

1= 1= J=1 1= IE!
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) ZG . ZS

=3 ( ) =3

)

Then, according the definition on the power production (power generation and power supply)
feein traditional power planning analysis, fixed fee can be calculated as following,
(1) Fixed cost/fee

h
1=

m n h k
Z(ng +V° +Z PigdiNi?)+Zaf(Djf +V/! +ZPifdiNij)+Za”f (O] +Vv/" +
= = 1= =

J

h N h M h
P"d,N") +Zae(Df +VF+ Z R°d,N?) +ZaW(DjW +V" + Z R"d,N}") = FC,
1= ]= 1= = 1=
a) Fixed fee of power generation:
b) Fixed fee of power supply

i) Fixed fee of high voltage power supply

Iy h n h k
Z(Df +V° +Z P°d,N;) +er (Djf +vjf + PifdiNiJf)+Zr”f (D;‘f +vj"f +
IE 1= |= 1

IE

h N h h
Y PTANT)+5 7507 +VF+ 5 RPN +5 77D} +V[" + 5 B dN{) = FC,
=1 =1 =1 1=1 1=1

ii) Fixed fee of medium voltage power supply

n k

I h h
(D +VS+S PAN)+S 7' (D +V' +YPAN)+S " D +V" +
RO RN T O g AN Ty T

h N h h

Y RTANT)+5 7507 +VF+ 5 BN +5 77(D}" +V[" + 5 B dNJ) = FC,
=1 =1 =1 1=1 =1

iii) Fixed fee of low voltage power supply
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|3 h n

s S S S f f f nf nf nf
E(Dj +V, +ZF>i diNij)+§ r'(D; +V, + P d,N; )+§ " (D] +V" +
J= = I=

1= 1=

<

h

2PinfdiN”f)+JZr (D +V/ + ZPed NU)+ZT (DY +V/" + IZRWdiNiVj”):FCt3

(2) Flexible cost/fee

a) FHexible fee of power generation:
i g g = ere = ere e e i WA W i Wi W w w
JZ[S; +Mj +;P| Gij +;Pitij(xi _Zi)+gpi Gij +|Z'PI tij (Xi —Z N+
n N n k M
f f f e e f f nf nf W w IAVAI
JZU (Sj+Mj+IZ_PiFij +ZP| Fy +ZP| Fi +IZPiFij +Pij)+
io.nf (Sjnf +M;1f +ipie|:ijenf +ipif|:ijfnf +i Pinf Fijnfnf +i Pinijwnf +Pjanjnf)+
1= E = = £
> 'S HMI+ S BRI RIR +3 RIRY 43 RURY ¢ PY)) ¢

M N n k
g"S'+MY+ S PWE+Y P'W +F PTW +3 P"W" +P"Y") =MC

b) Flexible fee of power supply:
i) Flexible fee of high voltage power supply:

Z(SS+M +ZP ZPWSW)+ZT S/ +M/ +ZPF +ZP R+
ZPannf ZPWFW+PY )+IZTnf(Sm‘+Mnf ZPFem ZP F

Zpinf Fijnfnf +Z Pinijwnf +Pjanjnf)+ZTe(SJg+M;s+ZpieRitja +Z PIfR”f +

ZPI"f ZPWR] +PFYS )+Zr S'+M7 +ZP ipifwf

Pianunf +S R*W;" + PY") = MC,

ii) Flexible fee of medium voltage power supply:
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IZ(Sj#MﬁiP ZPW )+Zr S/ +M/ +ZPeF +ZP R+

Pannf ZPWF +P Y )+Zrnf(snf +Mnf ZP Fenf ZP anf
J_

=

ananfnf ZPWF'an +Pjanjnf)+ZTe(S;s+Mje+ZPieRiajs +Z PifRijf +

ZP;“ ZPWRJ+P6Y)+ZT S'+Mm} +ZF>‘"=We ZPWf
E &

k
RW, +S R*W;" + PY[") = MC,

iii) Flexible fee of low voltage power supply:
IZ(Sf+Mf+iP ZPW )+Zr S/ +M/ +ZPeF +ZP Fl+
ZP”fF“f ZPWF A )+Zr”f(snf+|v|“f ZP R+ ZP R+
f= =
ananfnf ZPWFwnf +Pjanjnf)+Zz_e(S}s+M;a+ZPieRiajs +Z PifRijf +
ip,“f ZPWRJ+P3Y)+]ZT S'+Mm} +ZP6\Ne ZPWf

Pianijnf +S RHW;" + PY[") = MC,

Suppose the following date have gotten from the relevant materials:

=

1) the maximum demand for electricity per kind of users al over theyear a; (j=1,2,...,K)

2) the total electricity consumption of per kind of users al over the year buj (u=1,2,...,l;

=12,...K)

Iy

b =3 R; (highvoltage)

1=1

l2

by, = Z R; (medium voltage)

isTH

|
by, = > R (highvoltage)

i=T,
3) the load at the peaking-time of electricity system per kind of users ¢;  (j=12,...,KD

Then the share-coefficients of power generation fixed cost of each kind of usersis,

g = 2a; th; +c _ o
= (u=1,2,....m; j=1,2,... K)

uj m
Z(Zaj +h, +c))

J=1 u=

iy
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the share-coefficients of power generation flexible cost of each kind of usersis,

Bi =< —
2

J=lu

(u=1,2,....m; j=1,2,...,K)
b,

j

'H'MB EU

the share-coefficients of power supply fixed cost of each kind of usersis,
2a. +b. +c.
Vi =— % *6 U=12,...,1;j=1,2,... K)
> (2a; +h, +c))

=1

the share-coefficients of power supply fixed cost of each kind of usersis,

b,
K
h

where the sum of every elements in matrix @ = (auj) isequal 1, the sum of every elementsin

(u=1,2,...,I; j=1,2,... K)

¢uj =

matrix 5 = (£, ) isaso equal 1, the sum of elementsin each column in matrix ) = (), ) isequa
1, thesum of elementsin each columnin matrix ¢ = (@,;)isaso equal 1.
The total cost share matrix of all kind of users can be wrote as follows,
(Cy)ix = FC,a + MC B +FCy +MC ¢
where FC, = diag(FC, ,FC,_,FC,)
MC, = diag(MC, , MC,_, MC, )
Hence, the theoretical price of electricity is,
Pu]- = Cu]- / bu]- (u=1,2,3)
where Plj is the theoretical price of high voltage electricity touser j, P, ; Isthetheoretical price
of medium voltage electricity to user j, P, ; isthe theoretical price of low voltage electricity to

user j

The above prices are just so called theoretical sale prices of electricity. For the actual price of
electricity, it can be made on the basis of theoretical price and adjusted in light of the preferential
policy for different users, but the average price of al over the users shouldn’t lower than the cost
of per unit electricity production (generation & supply) as we mentioned above as principle lof
electricity pricing.
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