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A Study Evaluation Model and Index System of
Industrial Resource and Energy Consumption in
Small Towns

ZHANG Tong-sheng”

China Center for Town Reform and Development, National Development and Reform Commission, Beijing 100045, China

Abstract Based on the principles of hierarchy, representativeness, operability and completeness, 10 indices are selected from 3 aspects of re-
source consumption, energy consumption and enviromental emissions during small town development. Comprehensive evaluation index system for
industrial source-energy saving and pollution reducing in small towns is constructed. According to the fuzzy mathematical method, qualitative calcu-
lation model of two-level hierachical structure is constructed. Among them, the first-level model focuses on each specific evaluation index. It calcu-
lates the membership degree of region to resource-energy saving and pollution reducing in evalution index set, and sorts the calculation results. The
second-level model focuses on the first-level evaluation index set based on the sorting result. It calculates the membership degree of region to re-
source-energy saving and pollution reducing in the whole evaluation index system and sorts the calculation results. The weight of each evaluation in-
dicator at each level is determined by analytich hierarchy process and information entropy method. Result shows that this model can be applied in
quantitative and comprehensive measurement on industrial energy saving and pollution reducing degree in small towns. This model can help to judge
the resource and energy consumption in different areas and industries, as well as the improvement or deteriation degrees of enviromental emission.
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According to the Eleventh Five-Year Planning, there is a
need to change the growth mode and improve the efficiency of
energy use to construct a energy saving, enviroment friendly
society. The energy consumption during the Eleven Five-Year
Planning should be cut down by 20% per GDP, averaging cut
down by 4.4% per year. Yet it has not been well accomplished
in recent 2 years. In 2006, the reduction of energy consumption
had not reached by 2% , and by 3.27% in 2007. The main rea-
son is that the secondary industry develops so rapidly , which
lead to a sharp increase in industrial energy consumption. Be-
sides the big cities, the development of industries in small
towns accelerates the speed of energy consumption in general.
Study on the evaluation model and index system of industrial
resources and energy consumption in small towns will help to
afford some qualitative assistance in changing the growth mode
from a perspective of practice. And finally promote sustainable
social and economic development.

1 Selection of index system

The evaluation of the industrial resource and energy con-
sumption in small towns is virtually the general evaluation of en-
ergy saving and pollution reducing development of local indus-
tries. It's hard to measure by just one or two indexes because it
involves many indicators of different aspects just like industrial
resource, energy consumption and enviromental emission and
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so on. So, it is a must to establish a scientific, complete and
qualitative index system.

1.1 The construction principles of evaluation index sys-
tem In order to evaluate the level of industrial resource and
energy consumption in small towns in an objective, comprehen-
sive and scientific way, 4 principles must be followed.

1.1.1 Hierarchical principle. Industrial energy saving and pol-
lution reducing is a complex and multi-level concept. It can be
divided into several smaller subsystems, each of which can be
further divided into even smaller subsystems again, and so on.
The higher the level, the more comprehensive the index. The
lower the level, the more specific the index. We should have
the aim and the index related organically to form a hierarchical
entity.

1.1.2 Representative principle. Index system is mainly targe-
ted on the evaluation of the consumption degree of industrial
energy. Therefore, analysis of the system and selection of the
index must reflect practically the specific resource and energy
consumption in the production of industries. And they must be
target-oriented.

1.1.3 Operational principle. The index content of evaluation
index system should make itself as much simple, concise, eas-
ily understood as possible, with great comparabilities, easy da-
ta aquisition and quantification. In designing the index system,
the amount of index difficult to make it quantitative or qualitative
indicators should be minimized as much as possible.

1.1.4 Complete principle. The index system should sum up
the main aspects of industrial energy and resource consumption
and enviromental emission, reflecting in a full view of the de-
gree of industrial energy saving and pollution reducing in small
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towns.

1.2 Index designation Based on the above principles, a
2-level, 10-index comprehensive evaluation index system has
been constructed ( Table 1)

From the perspective of industrial resource consumption,
there are natural resource consumption and social resource oc-
cupation. Natural resources refer to some natural factors in nat-
ural enviroment which bear some relations to the development
of human society and which can be made use of to generate
value and to influence labor productivity. They generally include
minerals, land, water resources, climate and biological re-
sources. In terms of university of industrial energy consumption
and easy availability of data, indexes of water and land con-
sumption are representative. The social resources, corre-
sponding to the narural resources, refer to the labor or employ-
ees, which is an essential factor of production. Therefore, the
water resources, land resources and labor resources consump-
tion per productivity unit, these 3 indexes may to some degree
reflect the degree of the energy consuption of some general in-
dustries.

From the perspective of industrial energy consumption,
generally, according to some related statistics of the nation and
the province, energy types include coal, coke, crude, gaso-
line, refinery, diesel fuel, fuel oil, natural gas and electric and

Table 1

so on. In terms of the general consumption types of industries,
coal, gasoline, natural gas and electric are 4 essential types
needed during industries processes. Selecting these four as the
indexes of energy consumption for its strong representation.

From the perspective of enviromental emission of indus-
tries, the indexes used to measure the pollution of industrial
wastewater usually include Chemical Oxygen Demand, Qil, Cy-
anide, Arsenic, Mercury, Lead, Cadmium, Hexavalent chromi-
um and so on. And wastegases mainly includes dust, Carbon
monoxide, Carbon dioxide, Hydrogen sulfide and so on. Corre-
sponding to wastegases and wastewater is Solid Wastes, refer-
ring to every kinds of solid entities and pulpy substances which
people discard in daily life and during production process, in-
cludes organic and inorganic wastes, solid wastes, pulpy
wastes and radioactive wastes and so on.

From perspectives of the evaluation aims, the representa-
tion and operation of the indexes selected, there is no need to
lay out all kinds of the evaluation indexes about enviromental
emission of the related industries, but using the total amount of
these 3 indexes that industries usually emit. Therefore, the
emission of wastewater, wastegases and solid wastes per unit
output value are selected as representatives of enviromental
emission indexes.

Indicator system and structure of resources-energy consumption and enviroment emission of urban industries

Evaluation objectives Evaluation index set

Specific evaluation

The degree (U) of energy Resources consumption index U,
consumption and emission
reduction of industries in

small towns and cities Energy consumption index U,

U,, water consumption per unit output value (ton per million)

U,, land occupation per unit output value (squaremeter per million)
U,, Labor consumption per unit output value (person per million)
U,, Coal consumption per unit output value (ton per million)

U,, gasoline consumption per unit output value (ton per million)

U,, natural gas consumption per unit ooutput value ( cubic meter per million)
U,, electric consumption per unit ooutput value (kw-h per million)

Enviromental emission index U,

U,, wastewater discharge per unit ooutput value (ton per million)

U,, wastegases emission per unit ooutput value ( cubic meter per million)

U,, solid wastes discharge per unit ooutput value (ton per million)

2 The evaluation model construction of in-
dustrial energy and resources consumption

in small towns and cities

The evaluation index system of industrial resource-energy
consumption in small towns is a 2-level hierarchical structure,
thus we can construct a 2-level evaluation model'"’.

2.1 The construction of evaluation mode of industrial re-
sources-energy, consumption

2.1.1 The first-level evaluation model. The first-level evalua-
tion model is based on the specific evaluation index U, (i=1,2,
3;j=1,2, .- n,, n=3,4), which is on the basis of the evalua-
tion index series U;, the mode from U; to U,.

Supposing that the evaluation mode includes p regional
units, the measured number of the jindex U, in the collection of
indexes U, on the s regional units ( statistics or the surveyed
facts) is uj(s=1,2,---,p). The largest index value of J in the
specific region is the largest theoretical value, and of course

the smallest is the smallest theoretical value,

lji/nax — rsnax U; , u;}liﬂ — rsnin U,Sj-

If the larger of the U;, the more excellent of it( positive in-
dex), Half-liter model trapezoid fuzzy membership function

would be adopted,

0 u<u"
a;= (u;_u;pin)/(ui]nax_uyin) U;\in<u;<u;lnax’ (1)
s ax
1 uy=uy

And if the smaller of the U;, the more excellent of it( nega-
tive index) , Half-drop model trapezoid fuzzy membership func-

tion would be adopted,

1 u<u
max max min in S ax
a;= [U//k _UZ'k:I/I:uI/k _U:/k] UT <U,/<Uf-," s (2)
s ax
0 Uy = Uy

The evaluation model of the degrees of energy consump-
tion and pollution reduction designed by the author belongs to

the smaller of the U;, the more excellent of it( negative index) ,
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so the second model is adopted in this paper. Obviously, the
a; is corresponding to the U;, the membership degree of s unit
to the industrial energy consumption and pollution reducing.
So, we may get a belonging degree frame as follows;

a & - &
1 '
a az cee a
A=l"2 "¢ z (3)
1 2
Wi M W

In the evaluation index set U, , if the weight distribution of
each evaluation index is W, = (w, ,w,,---,w,, ), then the evalu-
ation result of the 1* grade could be gotten through the follow-
ing formula:

Vi=(V;, Vi, V7) = WA, (4)

In the formula, V7 (s=1,2,---,p) represents that in terms of
the index set U, , the membership degree of the s regional unit
to the industrial energy saving and pollution reducing.
2.1.2 The second-level evaluation mode. The second-level e-
valuation model is based on the specific evaluation index U, (=
1,2,3), which is on the basis of the evluation index series U,
the mode from U, to U.

Based on the calculation results of the first-level evaluation
model, make

v, Vo e
AH PR I, (5)
W Ly v oo v

In the evaluation index set U, if the weight distribution of
each evaluation index is W= (w,,w,,w,), then the evaluation
results of the second-level is

V=(V' V¥, V) =WgA (6)
In the formula, v°*(s=1,2,---,p) represents that in terms of
the index set U, , the member degree of the s regional unit to
the industrial energy saving and pollution reducing. Arranging
v(s=1,2,---,p) in an order from big to small, we may gain
the order from good to bad of the comprehensive evaluation of
energy saving and pollution reducing of industries in small
towns and cities to be evaluated. And this model can be called
the REA model used in evaluation of energy and resources con-
sumption of industries in small towns and cities.

2.2 The determination of weight distribution of each level
evaluation index In the evaluation model of industrial energy
and resources consumption of small towns and cities, weight
distribution of each indicator should be determined. Here, we
may firstly get the results through AHP method, then use the
method of information entropy to mend them™’.

2.2.1 Calculation steps of AHP

(1) Problem clarifying. Make it clear that what the con-
tent, the extent, the including factors and the relations between
the factors of the problem are in order to master a full knowl-
edge of the problem.

(2) Hierarchical structure constructing. In this step, there
is a need to classify all the factors included into groups, viewing
each group as a level and arranging them into a way in terms of
the toppest(aim level) , several middle levels ( principles level)
and the lowest level ( objectives). This kind of hierarchical
structure is usually represented by a diagram. And in the dia-
gram, the relations between different levels are needed to be

marked.

(3) Judgment matrix designing. This step is the key one
in the steps of AHP. Judgment matrix refers that to some cer-
tain factor in the superordinate level, the comparative impor-
tantce among the related factors in this level. And the form is
just like that in the Table 2.

Table 2 Forms of the judgement matrix

A B B B,
B1 b11 b12 b1 n
BZ b21 b22 b2n
Bn bm brﬂ o bnm

In Table 2, b; refers to the importance of B, to B; in terms
of A,. Generally, b; would have 1, 3, 5, 7, 9 these 5 number
as its selected scale, which means respectively that number 1,
the same degree of improtance between Bi and Bj; number 3,
B, is a little more important than B;; number 5, B, is much more
important than B;; number 7, B, is much more important than
B;, and number 9, B; is extremely important. While 2, 4, 6, 8
are the mean value of the adjacent number, which may be
used when the above 5 numbers are not enough.

(4) Single-level sorting. The aim of the single-level sorting
is to some factor in the superordinate level, which is the weigh-
ting value in affirming the arranging order of some factors relat-
ed to this level. It is the basis of the arrangment order of the
factors according to the superordinate level.

Targets of the single-level sorting may be classified into
calculating the eigenvalue and eigenvector of the matrix. For
example, in judging matrix B, calculating the eigenvalue and
the eigenvector for BgW=2,.,gWis ok. And A, in this formu-
la is the biggest eigenvalue of B, while W is the normalization
eigenvector to A, the sub-number W, of W is the weight val-
ue of single-level in arrangment order corresponding to some
factors.

When the matrix B has its absolute consistency, then A,
=n. But generally, it is impossible. In order to check the con-
sistency of the matrix B, it is necessary to calculate its consis-
tency index:

Cl. =(Apax —N)/N-1 (7)
In the formula, nis the level number. When C. I. is zero, then
the matrix has its absolute consistency. On the contrary, the
bigger the C. I. , the worse consistency the matrix.

In order to check whether the matrix has the satisfying
consistency, there is a need to compare C. . with the average
random consistency index R. /. (Table 2). Generally, the inde-
xes at level 1 and 2 are always consistent. In terms of the ma-
trix above the level 2, the proportion of consistency C. I. to the
average random consistency index R. I. at the same level is
called the proportion of random consistency C. R. , also, C. R.
_C.I.
T“RI’
we say that it has a satisfying consistency. Otherwise, when it
is bigger than 0. 1, then we need to mend the matrix until we
get a satisfying answer.

And generally, when C. R. is smaller than 0.1, then
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Table 3 Average random consistency index

Order R. I Order R. I
1 0 9 1.46
2 0 10 1.44
3 0.52 11 1.52
4 0.89 12 1.54
5 1.12 13 1.56
6 1.26 14 1.58
7 1.36 15 1.59

(5) General layer ranking. Based on the results of the sin-
gle level sorting at the same level, we may calculate the weight
value of the related factors at the same level on the run of the
superordinate level, and which is named the general layer rank-
ing. The general layer ranking is carried out from the top to the
bottom and step by step. And the single level sorting of the top-
pest is also the general layer ranking.

If the general layer ranking of all the elements in the super-
ordinate has been accomplished and gain the weigh value are
respectively a,, a,, ..., a,. And the results of the single level
sorting of the factors B,, B,, ..., B, at the same level corre-
sponding to aj are (b,’,b,7,---,b,/) ", (when there is no rela-
tion between B; and A;, then b’ =0), then the general sorting

lies in the following Table 4. Obviously, when i ia,bjﬁ =1 ap-
[

peared, it means that the general layer ranking is normalized

vector.

Table 4 General layer ranking

General ranking

Layer B A A A,
ayer ! 2 of B layer
B, b! b by Sab,’
2
B, R Sap,
2
B, b, b,? b," Sab,

=

(6) consistency checking. It is necessary to carry out the
consistency experiment to evaluate the degree of consistency of
the general layer ranking results. Therefore, we should calcu-
late the following indexes respectively .

Cl=%aC1, (8)
Rl =SaRl, (9)
cR =21 (10)

In the formula, C. I. is the consistency index of genral layer
ranking, C. /. is the consistency index of matrix at B level cor-
responding to a,. R. /. is the random consistency index of gen-
eral layer ranking, a;R. I.; is the random consistency index of
matrix at B level corresponding to a;. C. R. is the random con-
sistency proportion of general layer ranking. When C. R. <
0.10, it reflects that the results of general layer ranking are sat-
isfying, or the ranking of the matrix need to be adjusted again

to reach the satisfying result.

2.2.2 Correction steps of information entropy. Technology
identifying problems of AHP is strongly systematic and highly
reliable. When by adopting expert advising, it easily tends to
generate recursiveness and does not match the transitive axi-
om, which results in such problems as scale not well grasped
and information loss and so on. And the way to solve these
problems is to use entropy to correct the weight value deter-
mined by AHP.

Supposing there is the evaluation index set U= { U,, U,,
-,U,}, we gain its weight distribution W= {w,, w,, -, w,}
through AHP and its judgement matrix (U— U,) is B =
(bgy) 44q- Then the correction steps with information entropy
are:

Firstly, normalize B, and the formula is b,," = b,/ %1 by,
oo
g,h=1,2,--- g secondly, the entropy tansmitted by the defi-

ning index U, is E, = — §1bgh’lnbgh’/lnq thirdly, calculating the
g
deviance degree dh of U,, d, =1 - E,; fourthly, making sure

the information weight value of U, u, =d,/ 5:1 d, at last, correct
-
the distribution set W= (w, ,w,,---,w,) to W =(w,",w,", -,

q
w,). And W', =phWh/h§=:1phWh.

3 Discussion

The REA model mainly uses fuzzy transform and fuzzy
comprehensive judgement to solve the ranking problems of in-
dustrial energy consumption and enviroment emission in small
towns and cities, which has its features and fresh points as the
following 4 aspects.

(1) From the perspective of mathematics, the industrial
energy consumption and enviromental pollution is a kind of
fuzzy concept of which has clear meaning yet fuzzy extension.
Therefore, it is scientific to use fuzzy subset and the member-
ship degree method for reference. The theoretical significance
of the model lies in the fact it measures industrial energy saving
and pollution reducing in a comprehensive and quantitative way
by using the methods of fuzzy transform and fuzzy comprehen-
sive judgment'®~*'.

(2) The model can not only measure the development of
towns, but aslo take in account the comparisons among towns
and cities. To the comprehensive evaluation and ranking of in-
dustrial energy saving and pollution reducing in small towns and
cities, the mode adopt the same standards and calibre in calcu-
lation. Therefore, the evaluation results are comparable in dif-
ferent towns and cities among the whole region.

(3) Because in the evaluation mode, the practical meas-
ured maximum S™U; and minimum index S™ U; are different
in different years. In other words, the theoretical values af-
firmed in different years are variable, therefore, the normal
evaluation index gained at last lacks longitudinal comparability,
only suitable for horizontal comparison among different regions
in the same year. For example, if there is a need to carry out
the longitudinal comparisom of diffrent years among regions,
we may select the maximum, the minimum and the suitable in-
dex during dimensionless process. In other words, using the
data base, then the final evaluation indexes are not only longi-
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tudinal comparable but also measure the degree of improve-
ment or deterioriation of energy resources and emission of dif-
ferent industries in different regions.

(4) To those published statistics nowadays about small
towns and cities, many kinds of data in the evaluation index
system may not be gained directly, most of which should be
gained through practical research or sample survey. But the re-
sults gained through this kind of research are not comprehen-
sive and systematic enough, or even not representative. Be-
cause the industrial development of small towns and cities plays
an important role in the national industrial development system,
it hints that in the published statistics, some related depart-
ments should pay more attention to those statistical data collec-
tion on industrial energy, resources consumption and enviro-
mental emission in small cities and towns.
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