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a b s t r a c t

As an integrated approach to renewable energy adoption and poverty alleviation, Photovoltaic Poverty
Alleviation (PVPA) projects carry the weight of significance and expectation from the Chinese govern-
ment and the public. However, fund shortages due to the high initial investment and long pay-back
period for poor households has become the biggest bottleneck for PVPA implementation. Third-party
financing was therefore introduced and the potential reputational benefits were promoted to
encourage corporations to fund PVPA projects by attracting more investors. In the present study, an
assessment of the combination of both the direct economic benefits from PV systems and the social
reputational benefits was conducted. In order to simulate the impacts of the formation and dissemi-
nation of a corporation's reputation on the economic benefit, an agent-based model in a multiplex
network is developed and applied. The results indicate that joining a PVPA project will promote the social
reputation of third party investors and bring about potential profits. Meanwhile, information-targeted
policies, including information exposure and encouraging social discussion, are required to sustain the
profit benefits from reputational promotion. The two policies are shown to be effective when imple-
mented separately, however, when the two polices are introduced simultaneously, the contribution of
information exposure was overshadowed by the policy of encouraging social discussion.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Along with the rapid development of the world economy, world
energy consumption and carbon dioxide emissions have been
increasing rapidly due to the ongoing reliance on traditional fossil
fuels. However, the fact cannot be ignored that human society and
its economic activities are speedily approaching and even
exceeding the limits of global environmental capacity (Barbier and
Burgess, 2017). The three dimensions of the triple bottom-line
(economic, environmental, and social) have become widely
accepted as the basis for assessing sustainable development
(Tuazon et al., 2013). To achieve sustainable development goals and
mitigate energy shortages, renewable energy, especially photovol-
taics (PV), are expected to play a crucial role (Maule�on, 2017). Ac-
cording to BP Statistical Data, the growth of solar power accounted
for about one third of the increase of global renewable energy in
@tsinghua.org.cn (Q. Zhang).
2016 (BP, 2018). By the end of 2017, the total number of PV in-
stallations worldwide has reached 300 GW, of which China's PV
power generation capacity ranked first in the world at 130 GW
(National energy administration of China, 2018). PV power gener-
ation, especially distributed PV power generation, has shown huge
development potential and great market prospects in China (Sun
et al., 2017).

On the other hand, although remarkable progress has been
made in combatting poverty in recent years, there were still 55.75
million impoverished people in China up to 2015. The Chinese
central government aims at eradicating poverty by 2020, while
increasing the annual income of impoverished people to over 3000
RMB per capita (State Council of China, 2016). Among the govern-
ment efforts in poverty alleviation, the Photovoltaic Poverty Alle-
viation (PVPA) program has had great significance as a primary way
of helping the poor to achieve sustainable income growth.

PVPA is carried out to encourage the poor in rural areas to make
full use of their assets, such as rooftops, uncultivated land or waste
slopes, for photovoltaic generation to achieve steady incomes. Via
this approach it is anticipated that the targets of poverty alleviation
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and renewable adoption can be achieved at the same time. In 2016,
the Chinese government launched pilot projects of PVPA in several
provinces according to the distribution of solar resources and
population in poverty. If the local multi-year average of total solar
radiation is more than 4500 MJ=m2, and the registered impov-
erished people own land or roof resources suitable for the instal-
lation of PV equipment, these people would benefit from joining
the project. With the PV system connected to the power grid, the
poor can obtain profits from specific policy subsidies and sales of PV
electricity (State Council of The State Council Information Office of
the People’s Republic of China, 2015). At present, the pilot PVPA
projects derived their initial investment mainly from government
special funds for poverty alleviation, which make up around 70% of
the total (National Energy Administration, 2016). With a simple
estimation according to current incentives, the government would
require 10.5 billion RMB for the initial PVPA investment. Relevant
associations or non-governmental organizations (NGO) also
contribute a small amount, while the remaining funds needs to be
provided through bank loans to the impoverished. However, since
lower income will lead to an increase in individual investors’ risk
aversion (Cohn et al., 1975), poor households are unwilling to take
the risk to apply for a loan. Especially because most of the loans
offered to impoverished people need to be paid off within 3e5
years, which is much shorter than the payback period of a PVPA
project. On the other hand, financial institutions such as China
Development Bank and Agricultural Development Bank, are
required by the government to secure funds, but these policy banks
are not active for this kind of small project due to the lack of suf-
ficient economic incentives. Facing with all these financing obsta-
cles for PVPA, third party financing could be an effective solution.

Third party financing is where a third party is involved as a
funder to join in the projects. In a typical PVPA project, the gov-
ernment or the grid operator and the involved poor household are
the two parties directly involved in the investment. Platforms for
financial leasing, or crowdfunding can be regarded as third parties
(Davidson and Steinberg, 2013; Drury et al., 2012; Hong et al., 2018).
Scholars have explored financing modes for sustainable in-
novations in general (Bocken et al., 2014; Boons and Lüdeke-
Freund, 2013; Reim et al., 2015) or PV in particular (Strupeit and
Palm, 2016). However, the situation is quite different for PVPA
projects. The funds for PVPAwill be provided under the supervision
of the local alleviation office and used to build PV systems on spare
space available to of impoverished people, such as roofs, yards, and
uncultivated land. Once the PV systems are connected to the grid,
the third parties will obtain the generated electricity for self-
consumption or may obtain the profit from selling electricity as
an investment return. Meanwhile, they have to pay the land rent to
the involved poor households annually with a standard of 3000
RMB per household.

Private entities have already taken part in the initial investment
for commercial PV projects in China (Zhang, 2016), while they are
less active in investing in poverty alleviation projects, mainly
because many corporations tend to prioritize current profit and
explicit costs for the sake of maximization of shareholders' equity
(Besley and Ghatak, 2007). In PVPA projects, the third party in-
vestors have to share the profit with the poor. According to a
regulation released on April 16, 2018 (National Energy
Administration and State Council of China, 2018), donations are
encouraged to play an important role in PVPA. In these circum-
stances, donors cannot obtain any direct economic benefits from
this project. Companies tend to prefer to obtain more explicit
benefits (profits) in commercial projects, while neglecting the im-
plicit benefits (Wahba, 2008). Meanwhile, there exists a positive
relationship between corporate social performance and reputation
(Brammer and Pavelin, 2006). Participating as a donor in PVPA
projects will bring about potential benefits for a third party by
improving their reputation and corporate image (CI) from the as-
pects of both social responsibility (CSR) and environmental re-
sponsibility (CER). Social responsibility indicates a company's
commitment to minimizing or eliminating any harmful effects and
maximizing its long-run beneficial impact on society (Halkos and
Skouloudis, 2018). Furthermore, environmental responsibility re-
fers to the company's obligation to protect the environment
(Khajehpour et al., 2017). Blasi et al. found that CSR engagement
usually raises firms' total stock returns and reduces financial risks
(Blasi et al., 2018). Hori et al. even revealed a positive relationship
between CSR recognition and energy saving, with policies that
encourage companies to enhance their CSR activities in society
encouraging effective energy-saving actions (Hori et al., 2014).

Reputation plays an indispensable role in guiding social or
economic decisions for individuals or other entities in society
(Antonioni et al., 2016). Roberts and Dowling (2002) put forward
that a good reputation as an intangible asset, is critical due to its
potential for value creation and difficulty in being replicated by
competing firms. Pellegrini et al. introduced a theoretical frame-
work for the interactions between corporate reputation and envi-
ronmental decision-making behavior and considered that a green
image can generate a competitive advantage for a business
(Pellegrini-Masini and Leishman, 2011). Therefore, it can be seen
that a good reputation will benefit a corporation from three main
aspects.

Firstly, corporations with good reputations can attract more
investors, finance at lower cost and achieve higher market value.
Corporate reputation has the capacity to generate sustainable
competitive advantage over time, leading to a higher market value
of their securities (Raithel and Schwaiger, 2015; Tischer and
Hildebrandt, 2014). Khaqqi et al. (2018) built a case study
involving three participants with different reputations on multi-
chain, an open block chain platform, and found that good reputa-
tion gives participants the opportunity to choose better and faster
trade offers in a financial market.

Secondly, a good reputation will attract more customers and
promote product sales. A solid reputation is a competitive advan-
tage for corporations to improve customer satisfaction (Gardberg
and Fombrun, 2002; Wilson and Gotsi, 2001). Walsh and Beatty
(2007) found that not only direct customer satisfaction, but also
customers' reactions including loyalty, word of mouth and trust are
closely associated with corporate reputation. Pigors and
Rockenbach (2016) even prove that facing competition, products
with higher reputations significantly increases consumers’ pro-
pensity to purchase and thus succeed in lifting their sales.

Furthermore, corporations with good reputation can attract
cooperative partners and employees. Results of Turban and
Greening (1997) indicate that applicants will not only be attrac-
ted to firms with positive reputations but that they will actively
pursue jobs with such firms. Zhang (2017) and Siegel (2009) sug-
gested that firms adopting socially responsible behaviors may
attract a higher quantity and quality of human resources through
their positive corporate image. Dollinger et al. (1997) also believed
that reputation is an important resource to attract an alliance
partner for joint venture activity.

A corporation's reputation is built on the information of its past
performance and stems from information exchange (Huck et al.,
2010; Van Nieuwerburgh and Veldkamp, 2010). Therefore,
computational models of reputation have been considering two
aspects: direct interactions of the corporation with consumers and
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the information exchange among members of society (Sabater and
Sierra, 2002). Social networks are frequently used to simulate the
formation and dissemination of reputation (Antonioni et al., 2016;
de Paulo and Porto, 2017; Hu et al., 2012). Investors in financing
markets can get information from media such as government
websites and newspapers directly, but also exchange information
through connections in social networks. Wang et al. (2018) devel-
oped an innovation diffusion model for PVmarket based on a scale-
free network. Goffman and Newill (1964) used to the analogy be-
tween the spread of an infectious disease and information trans-
mission. The epidemic model has gained increasing attention in
simulating information dissemination under the expansion of so-
cial networks. Generally, epidemic spread can be characterized by
two models, the: SIS (Susceptible- Infected-Susceptible) model and
SIR (Susceptible- Infected-Refractory) model (Zhou et al., 2007).
The former describes the phenomenonwhereby a susceptible node
can become infected and an infected node can recover and return to
the susceptible status (Olinky and Stone, 2004). The latter is
different from the SIS model in that the infected nodes will not
return to the susceptible status but take on a refractory status (May
and Lloyd, 2001). The basic SIS model and SIR model are feasible to
simulate the dissemination of simple information.

However, more complex information requires consideration of
different factors, for example the bandwagon effect and the pen-
guin effect indicate that behavior can also affect other members
(Huck et al., 2010). Especially in financing markets, the promotion
of perceived reputation may not directly lead to investment
behavior for a certain investor. In this case, the revenue of a target
corporation won't change immediately. Considering the difference
between behavior and information, a multiplex social network is
introduced. Multiplex networks are particularly crucial when they
overlap and interact to create processes that cannot be explained by
a single network alone (Granell et al., 2013). In amultiplex network,
different connection reflect the diverse relationships among par-
ticipants in the network (Heaney, 2014). Using amultiplex network,
two dynamic processes are analyzed in the present paper: the in-
formation dissemination and behavior interaction.

Based on the simulation result for the social network of the
corporation's investors or shareholders, the potential benefits from
reputational promotion can be calculated by the incremental of
investors and the potential revenue from each shareholder.
Following this, third party corporation investment decisions are
evaluated considering both indirect reputational benefits and
direct benefits of PVPA projects. Furthermore, policy recommen-
dations are proposed based on the comparison among scenarios
with different policy sets, including information exposure,
encouraging social discussion and their joint scenario.

2. Methodology

2.1. Model framework

To evaluate the comprehensive motivation for third party cor-
porations to fund PVPA projects, direct economic benefits from the
PV system and potential benefits from reputational promotion are
both taken into consideration as shown in Fig. 1.

In the present study, third parties are introduced as the main
sponsors to cope with the financing difficulty of PVPA projects.
After gathering the poverty information and solar resource
endowment in poverty-stricken area, the local poverty alleviation
office will set a PVPA plan and call for bids on their official website.
Institutions and corporations, such as crowdfunding platforms, can
provide funds for PVPA projects as third parties. The funds will be
operated under the supervision of the local alleviation office and be
used to build the PV system on the available space of impoverished
people. The third party will obtain self-consumed electricity or the
profit from selling it to the grid. In each year of the project's life-
time, the third-party corporation has to pay rent to the involved
poor households with a standard of 3000 RMB per household.

Additionally, the benefits of joining PVPA projects also include
the effects of reputational promotion based on the financing mar-
ket. Once the news that the corporation is taking part in PVPA in-
vestment is published through social media, its reputation also
starts to alter. Some investors will obtain the information from
media directly then spread it through social networks. However,
the information diffusion may not result in promotion of corpo-
rate's profit if the investor's behavior has not been influenced.
Therefore, a multiplex social network is applied to simulate the
effects of reputation. In this network, each node represents an
institutional or individual investor and has two attributes: infor-
mation and behavior. The information attribute describes whether
the investor knows that the corporation has joined a PVPA as a third
party. The behavior indicates whether the investor will invest in
this corporation. Therefore, there are two statuses of each attri-
butes: i) Considering the information, nodes can be informed or un-
informed, noted as I and N; ii) From the perspective of behavior,
nodes can be active or inactive, noted as A and U respectively. The
inactive investor indicates that he/she will not invest in the tar-
geted corporation in this period, rather than literally “inactive” in
the financing market. Thus, there are four combined statuses of
nodes in the whole network which are dynamically transformed.
Through the agent-based simulation (for details please refer to
Section 2.3), the total number of nodes with investment behavior in
each period can be obtained. Multiplied by the averaged net reve-
nue created by each investor's fund, the revenue from reputational
promotion can be estimated.
2.2. Net present value analysis for direct economic benefits

The direct economic benefits for the third party are described in
equation (1.1). Once joining, the third party provides funds for the
initial investment, which is the unit capital cost capex multiplied by
the installed capacity PS. Meanwhile the third party will receive the
PV installation incentive which is calculated through a unit subsidy,
sub. The maintenance and operation costs are paid at the beginning
of each year with a unit level of opex. At the end of each year within
the project lifetime, the third party will receive a return of self-
consumed electricity or sell it to the grid. The price is nominally
the feed-in-tariff (FITt) and the selling volume is the product of
annual utilization hours Ut and project scale PS. According to rele-
vant policy (Ministry of Finance of China et al., 2016), the Value
Added Tax (VAT) for PV stations would be levied at a discount, dis, of
the normal VAT rate, tax. The annual performance decay ratio of the
PV equipment is Dec. Moreover, the sponsor has to pay the poverty
alleviation funds to the poor at the end of each year, which is the
product of annual income incremental standard for each household,
poa, and the total amount of involved poor households, hoh.

pdirect ¼
XT

t¼1

Ut,PS,FITt,½1� tax,ð1� disÞ�,1� Dec

ð1þ dÞt
� capex,PS

�
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(2.1)
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2.3. Multiplex network simulation for potential benefits of
reputational promotion

In the present paper, potential investors in a corporation's
financing market are viewed as nodes in a multiplex network.
However, how is their behavior affected by the information they
have and how do they interact with each other? An agent-based
model is applied as shown in Fig. 2.

At the first stage, the initial status of each node is set, which
indicates investors' reactions when they first hear that their tar-
geted corporation has joined in a PVPA project. Next, their infor-
mation status is identified. An informed node has a probability of
git to forget the information where gi is positive. If an investor is
un-informed or forgets, then the information status might be
changed through communication with connected investors. The
probability of an informed investor to share the information with
an un-informed investor is bi. Thus the information status for each
node can be identified and produces the behavior status. Similarly,
the informed nodes have a probability of dn to change the invest-
ment behavior in period t. An inactive investor may change his
decision for other reasons instead of being affected by the con-
nected investors, like cultural identity or macroeconomic factors. In
this model, these various factors are simplified as probability mia
and mna. Where the subscripts n and i indicate whether investor's
information status will influence his investment decision. Since
informed investors have more positive news for targeted corpora-
tions (that they have joined a PVPA) than the un-informed, mia
would be greater than or at least equal to mna. For the inactive in-
vestors who didn't become active spontaneously and the active
investors who give up investment, their behavior status may be
changed in the interactionwith connected nodes. The probability of
an inactive investor to be influenced by an active investor is ba,
which indicates the herding effect or penguin effect in the financing
market. After that, the behavior status for each node in period t is
also confirmed. The model then progresses to the next loop in
period tþ1, until it reaches the last period T.

At present, potential investors can obtain this information from
the government website of the involved poor areas in the PVPA or
from the website of the target corporation itself. However, the ac-
cess to information is relatively limited, since few people pay
attention to the poor areas' websites. Therefore, information-
targeted policies are proposed, as shown in Table 1, to facilitate
the transmission of reputation. In the first policy named Informa-
tion Exposure, the central government will publish a funders’ list
for PVPA projects periodically on its portal sites. Thus, at the
beginning of each period, a certain proportion of nodes will grasp
the information from the government website. In the second policy,
another information-targeted policy is introduced to encourage
social discussion of PVPA relevant topics through the state-
controlled media. The probability of an un-informed node being
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affected by others is thereby increased. In the last scenario named
Joint Policies, the two information-targeted policies are imple-
mented simultaneously. In addition, to avoid opportunistic investor
joining in poverty alleviation projects, we assume that there is a
government regulation specifying the least contribution of a third
party in PVPA. The third party investors who provide only a mi-
nority of the required funds but expect to gain reputation would be
excluded.
3. Data

3.1. Data for PVPA project

The data for direct profit assessment of PVPA projects is shown
Table 1
Information-targeted policies.

Scenarios Changed parameter

Information Exposure The additional proportion of informed nod
Encourage Social Discussion Infection ratio for the information network
Joint Policies The additional proportion of informed nod
in Table 2. Taking a PVPA project with the capacity of 1 MW as an
example, the initial investment would be about 9 million RMB.
Combined, the central and local government would cover around
5.5 million RMB on average and the third-party corporation is
introduced to meet the financing gap. The project lifetime is 25
years. After 25 years, the generating capacity is anticipated to
decline by 20%. All the electricity generated will be sold to the
power grid at the Feed-in Tariff (FiT) level set by the government.
There are three categories of PV power generation areas according
to the different level of annual generation hours (National
Development and Reform Commission, 2013). PVPA projects have
been launched in areas with more than 1400 generation hours.
Therefore, only the first level and the second level of PV power
generation will be involved in PVPA projects. Accordingly, the FiT is
set according to the different levels of solar resource, at 0.80 RMB/
kWh and 0.88 RMB/kWh in level 1 and level 2 areas respectively
(National Development and Reform Commission, 2015). The cost
for maintenance, overhaul, malfunction and waste treatment are
taken into considerationwith a percentage of the initial investment
as Gerilemanda (2016) and distributed equally across each year of
the lifetime of the project. What's more, the incremental tax is paid
at a 50% discount (State Administration of Taxation, 2014). After
paying the costs and tax, the remaining revenue from selling
electricity will be granted to poor households.

3.2. Data for social network

In the present study, the Chinese equity market is used as an
example of a financing market. The data for the degree distribution
refers to ZHANG et al. (2014). The initial values of other parameters
are also shown in Table 3, and sensitivity analysis is conducted to
verify the robustness of the results.

To calculate the total profit due to reputational promotion, the
net revenue created by each shareholder's fund is crucial. As shown
in Fig. 3, eighteen representative listed companies from six
different categories are selected, including internet technology,
finance, fossil fuel, electricity, photovoltaics, and Blue-chip corpo-
rations. Among them, PV is an emerging and promising industry
but with weak profitability, which has a similar situation with the
internet technology in China. At present, China's financial sector is
generally good and stable in profitability, especially the stocks of
state-owned commercial banks. Except for industry categories,
Blue-chip stocks are also chosen for their trait of reliability and the
ability to operate profitably in good times and bad. The stocks of
fossil fuel and electricity sector represent the traditional energy
industries in China. The stock categories refer to Industry Classifi-
cation and all raw data are derived from theWind database. The net
revenue per shareholder in Fig. 3 equals to the net profit of each
corporation weighted to its proportion of equity in the total asset,
and then divided by the number of shareholders, with an average
from 2015 to 2016.

4. Results

4.1. Direct economic benefits

Once a corporation offers funds to a PVPA projects, they will
es at the beginning of each period qi is increased exogenously
bi is increased
es at the beginning of each period qi and the infection ratio bi are both increased



Table 2
Parameters for PVPA project cash flow assessment.

Parameter Implication Value

capex Equipment and installation cost 9000 RMB/kW
opex Cost rate for operation, maintenance et al. 11%
D Discount rate 6%
Dis Tax discount 50%
PL Project lifetime 25 years
U1 Annual utilization hours in area 1 1400 h
U2 Annual utilization hours in area 2 1200 h
FIT1 FIT in area 1 in 2017 0.65 RMB/kWh
FIT2 FIT in area 2 in 2017 0.75 RMB/kWh
PS Installation capacity 10 MW
Dec Decay ratio in 25 years 20%
Tax Value Added Tax 17%
Poa Income incremental standard for each poor household 3000 RMB/year

Table 3
Parameters in social network.

Parameter Implication Value

k Clustering coefficient 0.774
l Average length 1.102
e Exponent of degree distribution 2.39
bi Infection probability for information status 0.01
ba Infection probability for behavior status 0.05
gi Parameter of forgetting function 0.5
mia Probability for an informed node to become active spontaneously 0.2
mna Probability for an un-informed node to become active spontaneously 0.1
dn Probability of give up the investment behavior 0.5

nl Number of loops 100
N Numbers of nodes 1000
M Financing market scale 10,000

Fig. 3. Data of net revenue per shareholder.

Fig. 4. The direct economic benefit in PV projects.
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receive the self-consumed electricity or the profit from selling
electricity to the grid. To assess the direct economic benefits of
joining PVPA, the self-consumed electricity is converted to eco-
nomic revenue. The assessment of annual aggregate profit without
the expenditure of poverty alleviation is shown in Fig. 4. Different
lines indicate different resource categories according to solar ra-
diation. Generally, although the FIT level in area 1 is less than in
area 2, the investment return in area 1 is slightly higher. In the first
eleven years of the PVPA projects in both areas, the income would
be negative due to the large initial investment. The breakeven point
occurs in the twelfth year, and then the project becomes profitable.
The profit is increasing for the annual cash inflow, however the
increasing rate declines due to the PV equipment decay. The net
present value of the total profit of a 10 MW PV project would reach
5.12 and 4.57million RMB in area 1 and area 2 respectively, without
considering the poverty alleviation fund.

4.2. Potential benefits of reputational promotion

As shown in Fig. 5, after the target corporation joins in PVPA, the
joining ratio of investors will dramatically increase at the first four
weeks. The joining ratio indicates the proportion of investors
joining PVPA projects. Then it begins to decrease and eventually
stabilizes at around 17.6% from the twentieth week. The green line
represents the situation of non-information, which means that
even if the target corporation didn't take part in PVPA, the joining



Fig. 5. Numbers of active nodes with different proportions of informed nodes in
initialization stage.
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ratio is still 17.6%. The other lines are the Reference Scenario with
different levels of informed investors. From the second week to the
twentieth week, the numbers of nodes with investment behavior is
positively related to the proportion of informed nodes in the
initialization stage. When all the nodes are fully informed with the
news, the joining ratio of the investors would increase to 21.1% at
the fourth week. At the same period, this only reaches 16.1% in un-
information scenario. The maximal difference of these two sce-
narios is 5.0%. The maximal difference between the two scenarios
comes from the information dissemination. When the informed
level is 0% at the beginning, there is no information about the PVPA
investment in the market. As the informed level increasing, the
joining ratio will also raise because of the reputational promotion
effect. Multiply the maximal difference of joining ratio by the
market scale, the numbers of investors activated by the information
of PVPA projects can be obtained. Then multiplied by the net rev-
enue from each shareholder in Fig. 3, the revenue from reputational
promotion varies from 1.5 million RMB to 34.5 million RMB
considering different capital operating ability for each corporation.
This means that if a corporate invests in a PVPA project, at most it
can afford the poverty alleviation funding of 5000 to 115,000
households. Otherwise a commercial PV project would be more
profitable. If a corporation decides to donate to a PVPA project, all
they can obtain is the revenue from reputation, which varies ac-
cording to their capital operating ability. However, the advantage of
reputational promotion is only maintained for several weeks. To
guarantee sustainable long-term reputational promotion, relevant
policies are required.
4.3. Sensitivity analysis

To better understand the robustness of the model, sensitivity
analyses for the major parameters were conducted as shown in
Fig. 6. The green line in Fig. 6 (a) or (b) represents the initial value
for each parameter. When the parameter of forgetting gi is zero, all
the nodes will remember the information forever. Under this
circumstance, the joining ratio will keep increasing to 36.3% after
52 weeks. However, when there is a probability of forgetting, it will
be stable at around 17.6%. This means that except for the extreme
situation, the state level of active nodes number is not sensitive to
the forgetting ratio.

According to Fig. 6 (b), the convergence level of active nodes
largely depends on the infection ratio ba. ba ¼ 0 means there is no
herd effect in the social network. Potential investors make de-
cisions only by themselves. In this case, the joining ratio stays at
11.1%. When an inactive node is perfectly affected by the active
node (ba ¼ 100%), the number of active nodes will reach 615 then
keep stabilize at 550.

In Fig. 6 (c), a joint sensitivity analysis of the investment
behavior sustainability is conducted. When all the nodes continue
their investment behavior from their initial time of investment
(mna ¼ mia ¼ 0), the active nodes will ultimately cover the whole
social network. Oppositely, when the investment behavior is
completely unsustainable (mna ¼ mia ¼ 1), the convergence level of
the joining ratio will stay at 13.4%. Taking the two parameters
separately, the active nodes are largely affected by the probability of
an informed node to give up investment, mia, while it is insensitive
to mna if mna is larger than zero. When an un-informed node never
gives up its investment behavior ðmna ¼ 0Þ, no matter whether the
informed node gives up or not, the convergence level will rise to
more than 47.9%.

4.4. Information-targeted policy simulation

To promote reputation dissemination, two information-targeted
policies are proposed. In the policy of information exposure, the
government will publish the list of PVPA funders periodically. The
additional proportion of informed nodes at the beginning of each
period qi is therefore increased. With this policy, the convergence
level of active nodes is elevated as shown in Fig. 7. If qi increases to
10%, the joining ratio of investors will reach 24.1%.

The second policy is to encourage social discussion of PVPA
relevant topics through the state-controlled media. The probability
of an un-informed node being affected by others is therefore
increased. As shown in Fig. 8, with the infection ratio bi raised from
0 to 10%, the convergence level also increases from 17.6% to 30.0%.
Compared with the policy of information exposure, a 10% rate for qi
has a similar promotion effect of reputation disseminationwith the
infection ratio bi of 4%.

To determine the combined effect of two information-targeted
polices, a joint simulation of the two policies was conducted.
Although the joining ratio is positively related to the two policies
separately, when they are implemented simultaneously, the policy
of information exposure is only effective when qi is less than 5% as
shown in Fig. 9. When qi exceeds 5%, the number of active nodes
becomes insensitive to the change of infection ratio bi. The
convergence level would reach 30.5% when bi and qi are both equal
to 10%, which is higher than the separate policies.

5. Conclusions and discussion

To promote third-party financing in PVPA in China, a compre-
hensive assessment of both direct economic benefits and potential
benefits from reputational promotion was conducted. An agent-
based model of the multiplex network, integrating heterogeneous
connections of information and behavior, was developed and
applied to study the effect of reputational promotion in the PVPA
financing market. Four key conclusions were obtained:

i) According to the cash flow assessment in the present paper,
the annual aggregate profit of a 10MW PV project is negative
for the first eleven years. The project becomes profitable
from the twelfth year and the profit continues to increase
thereafter. The net present value across the life of the project
would reach 5.12 and 4.57 million RMB in area 1 and area 2
respectively, without considering the poverty alleviation
fund.

ii) As for the potential benefits from reputational promotion, a
saturation rate of 17.6% of investors will invest in the cor-
poration at the end of the simulation, regardless of whether



(a)                                   (b)

(c)

Fig. 6. Sensitivity analysis of (a) parameter in forget function gi , (b) behavior infection ratio ba and (c) sustainability of investment behavior.

Fig. 7. Policy simulation of information exposure. Fig. 8. Policy simulation of encourage social discussion.
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there is information about PVPA or not. The maximal dif-
ference of convergence levels of joining ratio is 5.0% across
different levels of information exposure. The revenue from
reputational promotion would therefore vary from 1.5
million RMB to 34.5 million RMB considering different funds
operating ability for each corporation, accounting for the
poverty alleviation funds of 5000 to 115,000 households.
Otherwise PVPA projects will be less attractive compared
with a commercial PV project. Funding the PVPA projects are
more beneficial for the corporations with better skills at fund
operating.
iii) According to the simulation of potential profit from reputa-
tional promotion, the news of the target corporation joining
PVPA is only effective for the first 20 weeks. Therefore, the
simulation of two information-targeted polices were con-
ducted. The policy of information exposure can raise the
convergence level of joining ratio from 16.7% to 24.1%, while
the policy of encouraging social discussion raises it to 30.0%.
In the combination of the two policies, the additional pro-
portion of informed nodes at the beginning of each period qi
and the infection ratio in the information network bi are
increased respectively. A rate of 10% for qi has a similar



Fig. 9. Joint simulation of two policies.
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promotional effect on reputation dissemination as an infec-
tion ratio bi of 4%. After combining the two policies, the
policy of information exposure is only effective when bi is
less than 5%. On the other hand, the second policy, encour-
aging social discussion, can significantly promote the in-
vestment behavior. The results indicate that when
combining the two policies, the promotion effect of infor-
mation exposure will be full covered by the policy of
encouraging social discussion.

iv) Sensitivity analyses were conducted for the consideration of
robustness of the model outcomes. If there is no forgetting
mechanism in the information network, the number of active
nodes continues increasing. As long as there is a probability
of forgetting the information, the convergence level would
be stable after the sixth period. The convergence level is
positively related to the behavior infection ratio ba, which
indicates the behavior imitation and herd effect is beneficial
to reputation dissemination. Besides, the investment ratio is
insensitive to the probability of an un-informed potential
investor to give up investment behavior mna, while it is
negatively related to the probability of an informed investor
mia to give up the investment. In particular, when mna is zero,
nomatter whether the informed investor gives up or not, the
joining ratio will rise to 47.9%.

This study is mainly aimed at proposing a new perspective for
investors in decision making and providing policy recommenda-
tions for government to take advantage of non-fiscal policy to
achieve the objectives. Moreover, it can also explain why nowadays
many corporations are willing to take party in charities: some of
them may focus on the potential profit brought by the improve-
ment of their corporate identity and social reputation.

However, there are still some limitations in the present study.
On one hand, reputation composition is comprehensive and the
actual value is difficult to obtain, for example how to assess the
value of customers' loyalty or how to estimate the benefits of
increasing cooperation partners is a complex issue that needs to be
further investigated. On the other hand, the net profit of common
shareholders’ equity by the number of shareholders is applied as an
approximation in this paper. A more precise and practical assess-
ment of these data still requires further empirical studies.
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