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Abstract. The research on the evaluation method of photovoltaic power generation project will help to
find and correct the problems in the process of project evaluation, and promote the healthy development
of photovoltaic power generation industry in china. This paper takes a photovoltaic power generation
project in a western province of China as an example. Considering the economic and social benefits, the
comprehensive benefit evaluation index system is established, and the fuzzy comprehensive evaluation
model is used to evaluate benefits of the project.

Introduction

With the world's energy shortage and the deterioration of the ecological environment are becoming more
and more prominent, the importance and urgency of the development and utilization of renewable energy
are increasingly highlighted. In renewable energy, solar energy is being applied more and more in the
world with so many advantages, such as environmentally friendly, large reserves, wide distribution, low
cost and so on. The global solar power industry is in a period of vigorous development. During the "12th
Five-Year" period, China's photovoltaic technology has made remarkable progress, and the market scale
has also expanded rapidly. According to the status of solar energy resources in China and the necessity of
photovoltaic power generation development, China's photovoltaic power generation construction has a
bright future. In the next period of time, the construction of photovoltaic power generation projects in
China will maintain a good momentum.

Because the photovoltaic power generation industry is in its growth stage, there are some problems in
the comprehensive evaluation of the project inevitably. For example: the project data is not accurate, the
evaluation indexes are not unified and reasonable etc. The research on the evaluation method of
photovoltaic power generation project will help to find and correct the problems in the process of project
evaluation, and promote the healthy development of photovoltaic power generation industry in china.

Comprehensive Benefit Evaluation Index System

Taking a province in western China as an example, considering the economic and social benefits of
photovoltaic power generation project, this paper makes a comprehensive evaluation of the two aspects of
benefits. By referring to a large amount of literature, combined with the actual situation in the region and
relevant industrial policies, a large number of indexes related to economic and social benefits were
screened by fuzzy threshold method.

Comprehensive benefit evaluation index system is constructed, as is shown below:

Copyright © 2018, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 254



£

ATLANTIS

PRESS Advances in Social Science, Education and Humanities Research, volume 132

Comprehensive benefit evaluation
index system (al)

l
[ \

Economic benefits (b1) Social benefits (b2)

—
—

(T9) uINjal 4O 8jes JeuIBIU|
(20) anjen Juasaid 18N
(£9) awisanul o pouad doeghed ——+——
(9) S19SSe [£101 UO UINIAI JO 3Ry
(90) onel Apgell-jessy
(99) uoronpas
uolssiwa pue Buines ABiaug
(29)uonasjoud
JUBLIUOIIAUB 3160|093
(69) uonowoud awAojdw3
(0T2) 31| Swapisal
10 Aujenb ayp 3o Juswanoiduwy

(89) Awouoda [euoibai ayy uo Buljind

Figure 1. Comprehensive benefit evaluation index system

Economic benefits indexes

Internal rate of return(IRR)

The internal rate of return refers to the discount rate, which is also called the expected rate of return,
when the sum of the present value of net cash flow at each unit point is 0 during the life of the project. It's
calculated as follows:

NPV (IRR) :Z(CI —CO)(1+ IRR)’t =0
t=0 (1)

The greater the internal rate of return is, the better the economic benefit is. It is a positive index.

Net present value(NPV)

Net present value is the cumulative value of the present value of the net cash flows which generate
every year over the life of the project and are converted to the same time point (generally for the early
stage of project construction) at a constant discount rate (such as the industry basic rate of return). It's
calculated as follows:

NPV =Zn:(CI ~CO)(1+i0)"
=0 (2)

In the formula, Cl' means cash inflows, CO means cash outflows, means net cash flows

in year t, 10 means the basic rate of return. The greater the net present value is, the better the economic
benefit is. It is a positive index.

Payback period of investment

The payback period of investment refers to the time when the cumulative net cash flow changes from
the negative number to the positive number or to zero during the life of project. The shorter the payback
period, the faster the recovery rate of investment, the stronger the profitability of the project and the
ability to resist risks. It is a negative index.

Rate of return on total assets

The rate of return on total assets is the ratio of the total remunerations obtained from the project to the
average total assets. The utilization efficiency and profitability of assets (that is, inputs and outputs) can
be reflected by this index. If the rate of return on total assets is greater than the market interest rate, then
the project assets have strong ability to realize profits. It is also a positive index.

Asset-liability ratio

Asset-liability ratio is the ratio of total liabilities to total assets, which reflects the ability of the
project's total assets to repay the total liabilities. Generally, the reasonable asset-liability ratio recognized
by the industry should be no more than 50%. Because with the increase of asset-liability ratio, the

(Cl -CO):
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proportion of the project's own funds becomes smaller, the proportion of loans becomes larger, and the
financial risk of the project will increase accordingly. It is an interval index.

Social benefits indexes

Energy saving and emission reduction

Using photovoltaic power generation instead of a part of traditional fossil energy generation can save
non-renewable energy. It can also reduce carbon emissions and pollutant emissions, and contribute to the
realization of energy saving and emission reduction targets in china.

Ecological environment protection

As a kind of clean energy, solar energy will not produce "three wastes"” such as waste gas, waste water
and waste residue like the traditional fossil energy, so as to prevent the ecological environment from
further destruction.

Pulling on the regional economy

With the implementation of photovoltaic poverty alleviation policies, the investment scale of PV
industry is getting larger and larger, and the government subsidies for PV projects are also increasing,
which will promote the gathering of relevant local industries and the development of regional economy.

Employment promotion

The photovoltaic power generation project needs a large number of workers during the construction
period. After the project is completed and put into operation, it also needs a lot of managers. This can
create a large number of employment opportunities for local residents so as to increase the income of
residents.

Improvement of the quality of residents' life

Photovoltaic power generation is helpful to improve the local ecological environment while solving
local power supply and electricity consumption problems. All of these will help improve the material
living standards of local residents, improve the quality of residents' life and promote the process of
urbanization.

Model Construction Based on Fuzzy Comprehensive Evaluation Theory

In this paper, the weights of evaluation indexes are determined by AHP. The weights of economic benefit
indexes are shown in Table 1:
Table 1 The weights of economic benefit indexes

Econ_omlc benefit cl 2 c3 ca o5 Weight
indexes w;
cl 1 2 6 5 3 0.43
c2 1/2 1 5 3 2 0.26
c3 1/6 1/5 1 1/3 1/5 0.04
c4 1/5 1/3 3 1/3 0.09
c5 1/3 1/2 5 3 1 0.18

The maximum characteristic root of judgment matrix Amx=5.1641 Cl =0.0410 RI=1.12 the

random consistency ratio CR=0.0366 <0.10 the weights of evaluation indexes passed the consistency
test.
The weights of social benefit index are shown in Table 2:
Table 2 The weights of social benefit indexes

Social benefit

X c6 c7 c8 c9 cl10 Weight W;
indexes :
c6 1 2 2 4 3 0.38
c7 1/2 1 1 3 2 0.22
c8 1/2 1 1 2 2 0.20
c9 1/4 1/3 1/2 1 1/2 0.08

c10 1/3 1/2 1/2 2 1 0.12
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The maximum characteristic root of judgment matrix Amx=5.0491 CI =0.0123 RI =112 the

random consistency ratio CR=0.0110<0.10 | the weights of evaluation indexes passed the consistency
test.

After determining the weights of indexes, the comprehensive benefit evaluation model of photovoltaic
power generation project is constructed. In this paper, 10 comprehensive benefit evaluation indexes were
selected. There are 5 economic indexes and 5 social indexes, Ai represents the weight matrix of each
index, R represents fuzzy relation matrix.

Determine the factor set and comment set of comprehensive benefit evaluation. The first level set of

factors is the 2 first level indexes in the index system (that is, economic and social benefits). The second
level set of factors is the 10 second level indexes in the index system. The comment set

v Z{V1’V2’V3’V4’V5} ={excellent, good, medium, acceptable, poor }.
Determine the weight. The weights of the second level indexes are determined by AHP. The weights

of the first level indexes are equal, all of which are 0.5: A:(O'S’O'S),Aﬁ :(0'43'0'26’0'04’0'09’0'18),

A :(0.38,0.22,0.20,0.08,0.12)

According to the specific standard, the expert scoring method is adopted to judge each index according
to the above comment set, the fuzzy evaluation matrix is obtained as follows, and the first level
comprehensive evaluation is conducted.

[0.25 055 0.1 0.08 0.02] 095 0.04 0.01 0 0]
063 02 0.1 0.06 0.01 0.86 0.08 0.06 0 0
Ri=]0.72 0.25 0.03 0 0| Rz=[0.75 0.2 0.05 0 0
056 04 0.03 0.01 0 05 03 0.1 0.06 0.04
1055 0.35 0.05 0.04 0.01 1059 0.23 0.09 0.05 0.04
B: = Aux Ri=(0.45,0.40,0.08,0.06,0.01) 3)
B2= A2xR2=(0.81,0.12,0.05,0.01,0.01) ()
(4)Conduct the second level comprehensive evaluation and draw conclusions.
_|Bu| [045 040 008 006 001
|B2] | 081 012 005 001 001 5)
B = AxR=(0.63,0.26,0.06,0.03,0.01) (6)

According to the maximum membership degree principle, the evaluation result of this photovoltaic
power generation project is excellent.

In economic benefit indexes, the net present value (0.63) and payback period of investment (0.72) have
a higher degree of belonging to “excellent”. The degree of belonging to “excellent” of rate of return on
total assets and asset-liability ratio is generally acceptable. The internal rate of return's degree of
belonging to “excellent” is 0.25, the degree of belonging to “good” is 0.55 and there is room for
improvement. In terms of overall economic benefits, the degree of belonging to “excellent” (0.45) is
general, the degree of belonging to “good” is 0.40. This may be due to the photovoltaic power generation
industry is still in the early stages of development, cost control is not mature, policy subsidies are not in
place, large-scale development has not been formed.

In social benefit indexes, the project has achieved good results in three aspects: energy saving and
emission reduction, ecological environment protection and pulling on the regional economy. The degree
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of belonging to “excellent” are 0.95, 0.86 and 0.75 respectively. The degree of belonging to “excellent” of
employment promotion and improvement of the quality of residents' life are 0.5 and 0.59 respectively,
which are generally acceptable. In terms of overall social benefits, the degree of belonging to “excellent”
is 0.81. This shows that the project has a good contribution to the local social development.

Summary

The region in western China has strong solar radiation, sufficient illumination and relatively low
development cost. It is advantageous for the development of photovoltaic power generation industry.
Based on the latest research status of photovoltaic power generation projects at home and abroad, relevant
domestic policies and project conditions, the comprehensive benefit evaluation index system and the
model based on fuzzy comprehensive evaluation theory are constructed to evaluate the comprehensive
benefits of photovoltaic power generation projects in this area. Photovoltaic power generation industry
can not only bring economic benefits to enterprises, but also promote regional environmental protection
and economic development. The evaluation index system and evaluation method constructed in this paper
can provide reference for the evaluation of such projects.
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