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Historically, many resource conservation campaigns failed because they paid inadequate attention to the
interests of stakeholders. As a consequence, stakeholder analysis has gained increasing attention in order
to avoid potential policy failures in the related fields. However, the stakeholder analysis of China’s energy
conservation campaign still has been under-developed. This paper proposes a network-based modeling
framework to facilitate the development of stakeholder analysis of China’s energy conservation
campaign. Given the proposed framework, an illustrative case study is provided to elaborate how to
integrate a set of techniques to further develop a quantitative model, as well as to demonstrate the
practicability of the proposed framework. The results derived from the case study shows that the
proposed framework and the model can be used as analytical tools to improve the government’s policy-
making process in term of providing a systematic perspective of stakeholder interrelations.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Energy conservation has been consistently regarded as one of
the fundamental means in China to address its energy-related
challenges, e.g. energy supply shortage and greenhouse gas emis-
sion, etc [1e4]. China’s energy conservation effects have been
conspicuous since the reform and opening-up policies were firstly
introduced in the late 1970’s [1]. Moreover, a new round of energy
conservation campaign has been launched nationwide since the
period of China’s Eleventh-Five-Year-Plan (2006e2010) [5,6].

The energy conservation campaign involves many stakeholders,
such as government, enterprise, public, financial institute, and
industrial association, etc. These stakeholders have diversified
social, economic or political motivations and thus they play
different roles [7,8]. As a result, both conflict and dependence exist
amongst the stakeholders in the way to pursue their individual
interests. Among the stakeholders, the government (or the policy-
maker) plays an administrative role of ensuring that the stake-
holders can continuously provide supports to the energy conser-
vation campaign and thus it must deal with the conflict and
dependence by making and implementing appropriate policies.
: þ86 10 62795736.
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Stakeholder analysis is a useful approach for generating
knowledge about stakeholders so as to understand their interests,
and for assessing the effects they bring to bear on decision-making
or implementation processes [9]. Stakeholder analysis so far has
been widely applied in the thinking and practice of management
[10], the architect for large-scale engineering systems [11,12], as
well as the formulation of public policies [9].

Historically, many resource conservation campaigns failed
because they paid inadequate attention to the diversified interests
of stakeholders [13]. As a consequence, stakeholder analysis has
gained increasing attention in order to avoid potential policy fail-
ures in the related fields [14]. The stakeholder analysis in the field of
China’s energy conservation is just beginning to emerge, and so far
focuses on stakeholder identification and categorization. For
example, Wu et al. [7], and Yang and Zhu [8] both carried out their
empirical studies based on the stakeholder identification and
categorization scheme developed by Mitchell et al. [15], i.e. iden-
tifying and categorizing the stakeholders of China’s energy
conservation through a subjective assessment of their relative
Power, Legitimacy, and Urgency. Such empirical studies can help to
improve the policy-making process in terms of identifying the key
stakeholders and understanding the importance of their roles to
China’s energy conservation campaign.

However, these empirical studies had overlooked the effects
that stakeholder interrelations can bring to identify and categorize
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Fig. 1. The network-based modeling framework.
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stakeholders. In fact, different categories of interrelations exist
among stakeholders, including direct and indirect ones. These
interrelations further form network-based interactions amongst
different stakeholder. Therefore, the author argues that these
interrelations and the network-based interactions are very impor-
tant for the government to appropriately oversee the importance of
different stakeholders and grasp the policy means to influence
stakeholders’ behaviors.

This paper proposes a network-based modeling framework to
facilitate the development of stakeholder analysis of China’s energy
conservation campaign. The proposed framework allows describing
and analyzing the interrelations of stakeholders taking into account
of the network-based interactions, thus its application can facilitate
the government not only to better understand the importance of
the different stakeholders, but also to identify the effective policies
to influence their behaviors. Given the proposed framework, an
Fig. 2. The stakeholder map of China’s energy conservation campaign. The red lines repr
represent Goods and Service flows, and the green lines represent Financial flows. (For interpr
version of this article.)
illustrative case study is provided to elaborate how to integrate
a set of techniques to further develop a quantitative model, as well
as to demonstrate the practicability of the proposed framework.

2. A network-based modeling framework

A network-based approach for stakeholder analysis, namely
Stakeholder Value Network (SVN) approach, was launched in order
to analyze the impacts of both direct and indirect relationships
between stakeholders on the success of large engineering project
[16,17]. The SVN refers to a multi-relation network consisting of
a focal organization (e.g. the government), focal organization’s
stakeholders, and the tangible and intangible value exchanges
between the focal organization and its stakeholders, as well as
between the stakeholders themselves. In this paper, a network-
based modeling framework is further developed based on the
esent Regulatory flows, the purple lines represent Information flows, the blue lines
etation of the references to colour in this figure legend, the reader is referred to the web



Table 1
Questions for measuring stakeholders’ utility from a specific value flow.

Question of need intensity

Question: How would you characterize the presence/absence of fulfillment of
this need?

Options a. I would be satisfied by its presence, but I would
not regret its absence.
b. I would be satisfied by its presence, and I would
somewhat regret its absence.
c. I would be satisfied by its presence, and I would
regret its absence.
d. Its presence is necessary, and I would
regret its absence.
e. Its presence is absolutely essential, and
I would regret its absence.

Question of Source Importance

Question: If this needwere to be fulfilled, how important would this source be in
fulfilling the need?

Options 1. Not important: I do not need this source to fulfill
this need.
2. Somewhat important: It is acceptable that
this source fulfills this need.
3. Important: It is preferable that this source fulfills
this need.
4. Very important: It is strongly desirable that this
source fulfills this need.
5. Extremely important: It is indispensable that this
source fulfills this need.
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SVN approach to promote its application in China’s energy
conservation campaign. The proposed framework comprises four
major steps, i.e., Mapping, Quantifying, Searching, and Analyzing,
see Fig. 1.

At the beginning, stakeholders have to be identified and the
useful information, such as stakeholders’ roles, objectives and
needs, etc., is also collected from documents and interviews. Based
on this, the qualitative model of SVN can be built, in the format of
stakeholder map, through mapping the specific needs of each
stakeholder as value flows, which connect all the stakeholders into
a multi-relation network.

Once the stakeholder map is obtained, the next step is to score
the value flows (by stakeholder questionnaire) with the perceived
utility of the recipient stakeholder and define the value propaga-
tion rule to build the quantitative model. Generally a multiplicative
rule will be defined to calculate the score of a value path (i.e.,
a string of value flows connecting a group of stakeholders): the
score of a value path equals the product of the scores of all the value
flows along that value path. This is because under themultiplicative
rule (and the normalized value flow scores), longer value paths
tend to have lower scores, which reflect the difficulty to engage
and/or manage stakeholders along these longer value paths.

Based on the quantified value flows and the multiplicative rule
for value propagation, a quantitative model of the SVN can be built,
to search for all the value paths between any two stakeholders.
Specifically, the value paths beginning from and ending with the
same stakeholder (i.e., the focal organization) will be taken as the
sample space to study the implications of the SVN for that
stakeholder.

Given the sample space, the last step is to define network
measurements and construct network statistics to achieve the goal
of evaluating the SVN, e.g., establishing a set of statistical indicators
to evaluate the value paths so as to understand some fundamental
questions, such as who are the key stakeholders, and what are the
effective ways to influence their behaviors, etc.

Furthermore, these four steps under the proposed framework
can be applied in an iterative manner (see the dotted line in Fig. 1),
when more information becomes available or the previous situa-
tion changes.
Fig. 3. Matrix for calculating value flow scores based on attribute scores [18].
3. An illustrative case study

3.1. Mapping

There are two challenges for the first step: stakeholder identi-
fication and value flow definition. For China’s energy conservation
campaign, stakeholders may come from both the market environ-
ment, such as enterprises and financial institutes; and the non-
market environment, such as the government and non-
government organizations. In addition to interview and brain-
storm, the early studies, such as Yang and Zhu [7] and Wu et al. [8],
can also help to identify stakeholders. For simplification, the author
identifies 10 stakeholders, as shown in Fig. 2, for the illustrative
case study, i.e., government, financial institutes, auditing and
certification institutes, enterprises, technology and information
consulting institutes, industrial associations, research and educa-
tion institutes, non-government organizations, public, and media,
see Fig. 2.

In order to define the value flows between stakeholders, this
study maps each stakeholder’s specific needs as inputs or value
flows coming from other stakeholders, see Fig. 2. Then, all the value
flows are categorized into four types: Regulatory, Information,
Goods and Service, and Financial. Those four types capture both
tangible and intangible value exchanges between stakeholders.
Each identified input to a stakeholder became an output of the
originating stakeholder. Theoretically, the sum of all the inputs
articulated in the stakeholder characterization templates provides
a complete set of the value-delivering interactions within the
stakeholder network. Therefore, it is unnecessary to complete
a separate exercise determining each stakeholder’s outputs to
other stakeholders. Also, it is generally easier to identify a stake-
holder’s required inputs than it is to identify which of its outputs
provide value to other stakeholders [15]. Some stakeholder
outputs may not actually provide value to any of the other
stakeholders, and these should not be included in the model. And
others unrecognized outputs will be the good opportunities to
engage stakeholders.



Fig. 4. Illustration of the score calculation of a single value path.
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3.2. Quantifying

In order to quantify these value flows, this research uses
a questionnaire to ask each stakeholder to rank the value flows
coming to them. In another word, the value flows are ranked by
the perceived utility of the recipient stakeholder. Second, based
on the Kano Customer Requirement Questionnaire [18], there
are two ranking dimensions designed in the questionnaire to
measure stakeholders’ utility from a specific value flow: Need
Intensity and Source Importance, see Table 1. These two dimen-
sions reflect the attributes of each value flow from the demand
side and the supply side, respectively. Further, for computational
convenience, the score for each value flow equals the product of
its Intensity score and Importance score (see Fig. 3), and all these
scores have been normalized between 0 and 0.98 [19], which is
consistent with the traditional settings of Multi-Attribute Utility
Theory [20].

After quantifying individual value flows, this research defines
a multiplicative rule to calculate the score of value path, which is
a string of value flows connecting a group of stakeholders. In
another word, the path score equals the product of the scores of
all the value flows along that path as shown in Fig. 4. This is
because under the multiplicative rule (and the normalized value
flow scores), longer paths tend to have lower scores, which
reflect the difficulty to engage and/or manage stakeholders along
these longer paths. It’s also possible for future research to take
different operations on path score calculation, showing “more
value accumulated along longer paths” (benefits) and “more
WSO ¼ Score sum of the vlue paths containing a specific stakeholder
Score sum of all the value paths

(1)
difficulty to manage these longer paths” (costs), respectively. In
this study, the path score is interpreted as the relative impor-
tance of that value path.
3.3. Searching

For simplification, the SVN approach does not differentiate the
times to engage a specific stakeholder or include one specific value
flow. That is, no stakeholder, except the start/end one,will be visited
more than once in every value path. Therefore the searching results
should only keep the simple paths (i.e., paths with no repeated
vertices). In fact, the SVN approach takes theweighted simple paths
as the basic units to measure both the “exchange” and “structure”
impacts of the whole multi-relation network on each stakeholder.

This study takes the Object-Process Network (OPN) as the
modeling platform to search all the value paths between any two
stakeholders. OPN is a graphical, domain-neutral, and executable
meta-language designed to represent, generate, and manipulate
simulation models [21]. OPN is particularly suitable for enumer-
ating and analyzing large, complex system architectures, and can
also be used to search and calculate value paths in the SVN.
3.4. Analyzing

In this study, the government is selected as the focal organiza-
tion. Among the results from OPN modeling, there are totally 2072
value paths beginning from and ending with the government (see
Fig. 5), which demonstrate the value-delivering interactions
between the government and other stakeholders. Fig. 6 gives four
examples of the government’s value paths with high path scores.
Furthermore, these value paths will be taken as the sample space to
study the implications of the multi-relation network for the
government on the energy conservation campaign in China. On this
basis, a set of statistical indicators are defined in this study, and the
subsequent result analyses are based on those indicators.

The statistical indicator of Weighted Stakeholder Occurrence
(WSO) is defined as the score sum of value paths containing
a specific stakeholder, divided by the score sum of all the value
paths for the government, see Eq. (1). WSO can be interpreted as
the relative importance of stakeholders for the government,
because a stakeholder with a higher WSO usually has more effects
on turning government’s outputs into inputs through more
possible value paths. The result of WSO in this study is showed in
Fig. 7. It indicates that the enterprises and the public have the
highest score (besides government itself), while the research and
education institutes and the industrial associations have relatively
higher score than the rest of the stakeholders. The government
should fully ensure the engagement of these key stakeholders
during the policy formulation and implementation in order to avoid
the potential policy failures.
The statistical indicator of Weighted Input Occurrence (WIO) is
defined as the score sum of value paths containing a specific input
to the government, divided by the score sum of all the value paths
for the government, see Eq. (2). The WIO identifies the most
important feedbacks from other stakeholders to government, and it
can help further explain the salience of the importance of stake-
holders. The result of WIO in this study is showed in Fig. 8. It can be
found that those inputs from the enterprises and the public are the
most important ones, thus they explainwhy the enterprises and the
public are important. For example, the importance of the public
come thrift living mode, supervision, and decision support to the
government, while the importance of the enterprises come from
thrift producing mode, quality of statistic data, fulfillment of laws
and regulations, and accomplishment of periodical target to the
government.

WIO¼ Score sum of the valuepaths ending witha specific input
Score sum of all the value paths

(2)

The statistical indicator of Weighted Output Occurrence (WOO)
is defined as the score sum of value paths beginning with a specific



Fig. 6. The samples of the government’s value paths with high path score.

Fig. 5. The distribution of the government’s value path score.
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output from the government, divided by the score sum of all the
value paths from the government to the government, see Eq. (3).
WOO ¼ Score sum of the value paths beginning from a specific output
Score sum of all the value paths

(3)
WOO can be interpreted as the relative importance of the govern-
ment’s outputs, because an output with a higher WOO, will have
a greater effects on improving the inputs to the government at the
end of value paths. The result is showed in Fig. 9. Those outputs
from government to other stakeholders, which rank relatively high,
do not directly point to enterprises or public. Instead of that, the
outputs, such as funding, law and regulation, and policy direction,
point to those stakeholders who have low ranking of WSO, such as
the research and educational institutions, the financial institutions,
the industry associations and other intermediary organizations or
agencies. This phenomenon reminds government should give full
attentions to those indirect ways which can potentially affect those
important stakeholders and their feedbacks. The government can
apply some high leveraged policy means to these intermediary
WVFO ¼ Score sum of the value paths containing a specific va
Sum ðScore sum of all the value paths containing a specif
organizations or agencies to indirectly affect the enterprises and
the public’s interests and behaviors.
The statistical indicator of Weighted Value Flow Occurrence
(WVFO) identifies the relative importance of each individual value
flow, and the definition is showed in Eq. (4). From Fig. 10, it is
observed that theweight of the top 20 value flows (out of 60 totally)
is already more than 50% of the total weight. This is an important
observation as those top 20 value flows, together with the impor-
tant stakeholders having high WSO (see Fig. 7), can be used to
construct a much smaller network. Within that smaller stakeholder
network, which will only focus on themost important stakeholders
and value flows, more computational and analytical resources will
be available to include more details for the internal structure of
stakeholders as well as the value exchanges between them, and
could be the basis for more fine-grained decisions.
lue flow
ic value flowÞ (4)



Fig. 8. Ranking of Weighted Input Occurrence. The first stakeholder appears in the bracket is the source of the value flow, and the second one is the end of the same value flow. GO is
Government, EN is Enterprises, PU is Public, RE is Research and Education Institutes, IA is Industrial Association, NG is Non-Government Organizations, ME is Media, FI is Financial
Institutes, TI is Technology and Information Consulting Institutes, and AC is Auditing and Certification Institutes.

Fig. 9. Ranking of Weighted Output Occurrence. The first stakeholder appears in the bracket is the source of the value flow, and the second one is the end of the same value flow. GO
is Government, EN is Enterprises, PU is Public, RE is Research and Education Institutes, IA is Industrial Association, NG is Non-Government Organizations, ME is Media, FI is Financial
Institutes, TI is Technology and Information Consulting Institutes, and AC is Auditing and Certification Institutes.

Fig. 7. Ranking of Weighted Stakeholder Occurrence. GO is Government, EN is Enterprises, PU is Public, RE is Research and Education Institutes, IA is Industrial Association, NG is
Non-Government Organizations, ME is Media, FI is Financial Institutes, TI is Technology and Information Consulting Institutes, and AC is Auditing and Certification Institutes.

F. Fu et al. / Energy 36 (2011) 4996e5003 5001



Fig. 10. Top 20 ranking of Weighted Value Flow Occurrence. The first stakeholder appears in the bracket is the source of the value flow, and the second one is the end of the same
value flow. GO is Government, EN is Enterprises, PU is Public, RE is Research and Education Institutes, IA is Industrial Association, NG is Non-Government Organizations, ME is
Media, FI is Financial Institutes, TI is Technology and Information Consulting Institutes, and AC is Auditing and Certification Institutes.
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4. Conclusions and discussions

In this paper, a network-based modeling framework is devel-
oped based on the SVN approach in order to facilitate the devel-
opment of stakeholder analysis of China’s energy conservation
campaign. An illustrative case study is provided to elaborate how to
integrate a set of techniques to further develop a quantitative
model under the proposed framework.

The proposed framework can be used to systemize the direct
and indirect relationships between the government (i.e., focal
organization) and other stakeholders, and understand the value-
delivering interactions within the SVN. The quantitative model,
with a series of statistical indicators, can achieve the goal of eval-
uating the stakeholder interrelations, and some fundamental
questions can be further addressed through analyzing the evalua-
tion results, such as who are the key stakeholders, which are the
most important feedbacks from these stakeholders, what are
the effective ways to influence their behaviors, and how to manage
the network complexity. The results derived from the illustrative
case study shows that the proposed framework and the model can
be used as analytical tool to improve the government’s policy-
making process in term of providing a systematic perspective of
stakeholder interrelations. Moreover, the proposed framework also
can provide a collaborative platform for politics, business, and
academia to communicate important information on a transparent
way.

This paper, as a pioneering study, has its significance by
providing an open modeling framework and a set of modeling
techniques, which can facilitate the development of network-based
stakeholder analysis not only in the field of China’s energy
conservation campaign, but also in other large and long-term
government programs. However, there are still some limitations
in the network-based modeling framework proposed by this paper.
Therefore, more work remains to be done, which can be broadly
classified as follows:

� Hierarchical Modeling: to model the stakeholders and their
value exchanges on different levels of organizational structure
and explore how to align the organizational structure of the
focal organization for better stakeholder management;

� Value Quantification: to improve the quantification method for
value flows, such as adding the temporal dimension into the
stakeholder questionnaire, in order to reflect the impacts of
timing on the perceived utility of each value flow by the
recipient stakeholder;

� Sensitivity Analysis: to test the impacts of uncertainties, such
as the value flow score ranked by each stakeholder, on the
modeling results, in order to identify those risky relationships
and formulate more robust strategies.
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