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Abstract Financial cost benefit (investment yield, financial net present value, benefit-cost ratio), social and economic benefits ( saving rate of
medical cost, average household income rate of trained farmers) , technical and economic benefits ( toilet-flushing water saves, pests and disease
reduce rate, fruit or vegetable increase rate, and improve rate of technical skill level) , and ecological and economic benefits ( saving rate of affor-
estation cost, reduction of CO, discharge, reduction of SO, discharge, soil improvement, fertilizer saving rate) are selected. According to the origi-
nal survey data of eco-campus economic benefits with 3 different models, Principal Component Projection is used to discuss the calculation method
for evaluation index weight of economic benefits in northwest rural eco-campus, and to establish the principal component projection model of eco-
campus economic benefits after the normalization processing of index value by efficiency coefficient transformation method based on dimensionless
treatment of matrix element. Result shows that from the aspect of financial cost, economic benefits of three eco-campus modes are insignificant.
Both ecological benefits and economic benefits are achieved at the same time. According to the overall evaluation results of Principal Component
Projection Model, the " Pig, Toilet —Biogas — Vegetable" mode has obtained the maximum economic benefits, followed by the " Grass — Sheep, Toi-
let — Biogas — Fruit" . And the " Toilet — Biogas — Vegetable" has the poorest economic benefit. This result is of strong practical significance and pro-
vides a theoretical basis for economic evaluation research and extension of eco-campus construction in rural primary and secondary schools in other
areas of China.
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Northwest China is mostly arid and semi-arid, having frag-
ile and unstable ecosystem'' ™', Under the great challenge of
agricultural resource and environmental issues, economic de-
velopment and ecological issues'® , Northwest Rural Eco-cam-
pus Model is combined with the circular economy idea and the
large-scale efficient biogas project, making full use of the mod-
ern biotechnology transformation and the waste resources of
schools. This has far-reaching significance for saving energy,
making waste profitable, producing clean energy, producing
considerable economic benefits, and improving environment of
rural primary and secondary schools in northwest China.

Researches on northwest rural Eco-campus mainly focus
on improving the health status of the school toilets, making
waste profitable, and improving dining environment for teachers
and students. Few scholars pay attention to the theory and
method research on the economic evaluation of " Eco-campus"
model. Northwest Rural Eco-campus Model refers to the circu-
lar economy model of " Grass-Sheep, Toilet — Biogas — Fruit" ,
" Pig, Toilet —Biogas — Vegetable" and " Toilet — Biogas — Veg-
etable" with biogas project as a link based on the needs and
actual situation of schools. By combining the quantitative evalu-
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ation and qualitative evaluation together, direct economic bene-
fits, technical and economic benefits, and social and economic
benefits status of rural primary and secondary schools are clari-
fied, so that economic evaluation of Northwest Rural Eco-cam-
pus Model in rural primary and secondary schools becomes
more measurable and operable, offering scientific basis and
guidance for the promotion and construction evaluation of Rural
Eco-campus Model™~"". Starting from the angle of the Principal
Component Projection, we discuss the economic evaluation
model suitable for Rural Eco-campus Model. Several different
modes are used to evaluate the economic benefits of Eco-cam-
pus. Ranking result of the economic benefits is obtained by cal-
culating, which is basically consistent with the actual situation.

1 Index selection, data source and re-

search method

1.1 Index selection Economic benefit of rural Eco-campus
is chiefly manifested in financial cost benefit, social and eco-
nomic benefit, technical and economic benefit and ecological
and economic benefit. Therefore, they are selected as the four
indices.

1.1.1 Index of financial cost benefit. It includes three sub-in-
dices of investment yield, financial net present value, and ben-
efit-cost ratio. Investment yield reflects the economic benefits
of the implementation of the project, which is the ratio of project
output to project input. Financial net present value PNPV = ( C/
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-Q0),( Hic) ™', where (C-(Q0), is the net cash flow at the
seventh year, H is calculation period of project, and ic is stand-
ard discount rate. Benefit-cost ratio reflects of the ratio of total
revenue to total cost.

1.1.2 Index of social and economic benefit. It includes two in-
dices of the saving rate of medical cost and the average in-
creasing rate of households after training. Saving rate of medi-
cal cost (%) = (Routine medical expense before the imple-
mentation of project — Routine medical expense after the im-
plementation of project)/Routine medical expense before the
implementation of project x 100. Average increasing rate of
households after training (% ) = (Average annual income and
cost saving after the implementation of project)/ Average annu-
al income before the implementation of project x 100.

1.1.3 Index of technical and economic benefit. It includes
four indices of the water saving of toilet flushing, decreasing
rate of pests, increasing rate of fruit ( vegetable) industry, and
increasing rate of technical skills. Water saving of toilet flushing
(%) = (Unit water price x Measuring time of the year x
Pump flow x Flushing frequency x Flushing duration each
time) /Investment fund of project construction x 100. Decrea-
sing rate of pests (%) = (Pets frequency before the imple-
mentation of project — Pets frequency after the implementation
of project) x 100. Increasing rate of fruit (vegetable) industry
= Fruit or vegetable income after the implementation of project

— Fruit or vegetable income before the implementation of pro-
ject) x 100. Increasing rate of technical skills is classified into
five grades according to the evaluation on enhance level of
technical skills.

1.1.4 Index of ecological and economic benefit. It includes
five indices of the saving rate of afforestation cost, reduction
rate of CO,, reduction rate of SO, , soil improvement, and fer-
tilizer saving rate. Saving rate of afforestation cost (%) = Af-
forestation cost of the saved fuelwood/Investment funds of pro-
ject construction x 100. Reduction rate of CO, = (CO, emis-
sion from coal — CO, emission from biogas)/CO, emission
from coal x 100. Reduction rate of SO, = (SO, emission from
coal — SO, emission from biogas)/SO, emission from coal x
100. Soil improvement (100% ) = ( Organic matter content of
soil with biogas — Organic matter content of the compared
soil) /Organic matter content of soil with biogas x 100. Fertiliz-
er saving rate (100% ) = (Unit price of biogas x annual bio-
gas yield) /Investment funds of project construction x 100.
1.2 Data source According to the sample survey of
students, the investigation on school finance and surrounding
villagers, original survey data of economic benefit in Eco-cam-
pus with three different models are obtained (Table 1). Among
them, model 1, 2 and 3 are " Grass — Sheep, Toilet —Biogas —
Fruit" model, " Pig, Toilet — Biogas — Vegetable" model and "
Toilet —Biogas — Vegetable" model, respectively.

Table 1 Original data of economic benefits in northwest rural Eco-campus
Investment Financial net Benefit-cost Water saving Decreasing rate Increasing rate of Increasing rate
Model rate of return  present value ratio of toilet flushing of pests Cg /% fruit and vegetable of technical skills
C, C, c, C. /% pesis s/ Ce//% C.//%
0.130 128 600 1.077 1.00 20.00 12.00 30
2 0.144 122 140 1.111 1.36 70 42.85 21
3 0.059 918.02 0.796 0.67 34 53.00 43
Savin_g rate of Increasing _rate of Annual savilng rate Reduction rate  Reduction rate of Degree of soil Fertizer saving
Model medical cost household income of afforestation cost of CO, C,, //% S0, C., /% improvement rate C,, //%
Cs//% Cg //% Cw//% 2 ° 2 e ° C13//% " °
80 7.39 1.60 0.365 6 70.75 70 30
2 81 6.41 13.8 0.3150 20.88 72 100
3 85 6.34 3.32 0.757 8 50. 11 68 70
1.3 Research method Principal Component Projection object, which is more objective and reflects the intercomparison

Evaluation Method is used to assess the economic benefit of
northwest rural Eco-campus.

2 Result and analysis

2.1 Matrix elements treatment Due to the diversity of di-
mensionless in evaluation index, normalization processing of
matrix elements in evaluation samples is carried out in order to
reduce the irrational and unscientific evaluation. Efficiency Co-
efficient Method is adopted to conduct normalization processing
of index value. Table 2 reports the matrix element after dimen-
sionless treatment.

2.2 Determination of the index weight

2.2.1 Calculation of weight. There are many methods to de-
termine the weight, such as subjective, objective and compre-
hensive weight methods. Entropy Method is a method to deter-
mine the index weight according to the index value of evaluation

relationship among indices. Therefore, we use Entropy Method
to determine the weight of index.
2.2.2 Index weighting. Weight of index is obtained according
to the method mentioned above. Weighted processing of sam-
ple matrix Y'is conducted. Let z; =w;y;, we have sample ma-
trix Z=(z;) ,.m, and evaluation vector d, = (z,,2,, ", Z,,) ,
where i=1,2, .-, n.
2.3 Orthogonal transformation of index There are many
indices for the economic evaluation of rural Eco-campus, rele-
vant connection between indices will cause overlapping and in-
teraction of evaluation information, so that it is difficult to objec-
tively analyze the relative position of evaluation vector. Orthog-
onal transformation of index value is carried out in order to filter
out the repetitive information of index.

f;(i=1,2, 3) is obtained by using Y,,,, data. We have I3 =
1.099 and the value of entropy e,. Finally, each index weight c is
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calculated. Table 3 reports the weight parameters of indices.

Table 2 Evaluation sample of economic benefit in northwest rural Eco-campus

Investment Financial net  Benefit-cost Water saving Decreasing rate Increasing rate of Increasing rate
Model rate of return  present value ratio of toilet flushing of pests Cg /% fruit and vegetable of technical skills
C, /% C,//% C; /% C.,//% s/ 7° Cs//% C,//%
1 0.835 1.000 0.892 0.478 0.000 0.000 O 0.409 0
2 1.000 0.949 1.000 1.000 1.000 0.752 0 0.000 0
3 0.000 0 0 0 0.280 1.000 1.000 0
Saviqg rate of Increasing .rate of Annual savilng rate Reduction rate  Reduction rate of Degree of soil Fertlizer saving
Model medical cost household income of afforestation cost of CO, C,, //% S0, C,, /% improvement rate C,, //%
Cs //% Cg /°/° C10 //% 2 ° 2 e ° c13 //% " °
1 0.000 0 1.000 O 0.000 0 0.1130 0.500 0.500 0.000
2 0.2000 0.060 0 1.000 0.000 1.000 1.000 1.000
3 1.000 O 0.000 0 0.139 1.000 0.000 0.000 0.571
Table 3 Weight parameters of indices of the seven indices reaches as high as 0.906 5, which plays
Code of index Weight || Code of index Weight a decisive role in the evaluation result of economic benefit.
C, 00202 |C, 0.000 2 c (2) A::cpor@ngt. to t,\r;le c;)vlertaril eIY?,I_uat?n.lretsulltas_ of Prm\(;lpal
c, 0.1804 | C, 0.001 2 omp?nen rojection .o el, the .|g, oilet — |ggas— gg-
c 00049 |lc 0.071 3 etable" mode has obtained the maximum economic benefits,
¢ ' 1 ' followed by the " Grass — Sheep, Toilet - Biogas — Fruit" . And
C, 0.435 4 Cy 0.038 3 P . " .
the " Toilet — Biogas — Vegetable" has the poorest economic
C, 0.059 5 Ci., 0.047 9 . . . . .
c c benefits. This comprehensively reflects the economic benefits
Cs 0.0650 0‘3 0.000 1 of three Northwest Rural Eco-campus Models, which is rela-
z 0.0195 14 0.047 0 tively consistent with the actual situation. There are many rea-

2.4 Calculation and sorting of sample projection value
A new decision matrix U= (u;);,., is obtained after orthogonal
transformation of index. Thus, an ideal decision — making pro-
gramd” = (d,, d,, --- d,) is established. Projection value Di
of evaluation sample is obtained according to d, " =1/ d” ||
x d. According to the value of sample projection value, we
can calculate and sort the economic benefit status of Eco-
campus model (Table 4).

Table 4 Economic benefit evaluation of three kinds of Northwest
Rural Eco-campus Models

Evaluation score of Principal

Model Component Analysis D, Rank
1 0.1853 2
2 0.194 5 1
3 0.180 2 3

2.5 Analysis of evaluation result

(1) From the aspect of financial cost analysis, the eco-
nomic benefits of three Northwest Rural Eco-campus Models
are all not extreme significant. However, both ecological ben-
efit and economic benefit are realized. According to the
weight, water saving of toilet flushing, financial net present
value, annual saving rate of afforestation cost, and increasing
rate of fruit and vegetable have relatively great weights, reflec-
ting that the income increasing and cost saving is the major
factor of economic benefit of Northwest Rural Eco-campus
Model. Besides, decreasing rate of pests, reduction rate of
CO,, and reduction rate of SO, also have greater weights, re-
flecting the indirect economic benefit index. They are impor-
tant factors of economic benefit in Eco-campus Model. Weight

sons for the relatively good economic benefit of " Pig, Toilet —
Biogas — Vegetable". And the major reason is the high price
of pig, as well as the abundant biogas produced by breeding
industry, which saves energy cost and improves the vegetable
yield.

3 Discussion

(1) Principal Component Projection Model solves the
problem of information duplicate influence among indices in
economic benefit evaluation of Northwest Rural Eco-campus
Model. Problem of index weight is comprehensively consid-
ered. Combining with the objective weighting method, Princi-
pal Component Projection Model has more practical evaluation
result and greater extended significance.

(2) When evaluating the economic benefits, Principal
Component Projection Model regards the evaluation sample as
dimensional vector, and projects to the same vector, so as to
obtain the projection value of sample and to accurately reflect
the proximity of evaluation sample and ideal sample.

(3) Case analysis shows that Principal Component Pro-
jection Model has strong feasibility when evaluating the eco-
nomic benefits of Northwest Rural Eco-campus Model. Evalu-
ation result is of certain practical significance and provides ba-
sis for decision making of economic benefit evaluation of other
Rural Eco-campus Mode.
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