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Integrating Delphi Survey into Scenario Planning for 

China’s Renewable Energy Development Strategy to 2030 

 

Abstract: Although both scenario planning and Delphi survey are widely used in the 

long-term strategy planning, their combinations have not received enough attention 

especially in the efficacy improvement of scenario planning. The crucial step of the 

scenario planning is to identify effectively and reliably the obviously uncertain and 

most influential drivers as well as key factors. This paper integrates the Delphi survey 

into the scenario planning and proposes a four-step analytical procedure of Delphi 

survey-based scenario planning, i.e., identifying the key ingredients from Delphi 

results, establishing the causal relationships among key ingredients, scenario 

development, and scenario description. The integrated method has been adopted in the 

planning practice for the renewable energy development strategy in China to 2030. 

Based on the three obviously uncertain and most influential drivers, “technology 

development”, “ecological awareness” and “national energy pricing”, most possibly 

influencing the renewable energy development in China to 2030, a novel 

three-dimensional scenario analytical framework composed of eight future scenarios 

is constructed. Considering the possibility in China’s practice, five scenarios are 

selected as possible development scenarios of China’s renewable energy to 2030. This 

paper develops possible policy choices for each selected scenario.  

Keywords: Scenario planning, Delphi survey, Renewable energy, Development 

strategy, China to 2030 

 

1. Introduction 

Scenario planning has become a crucial tool of the strategic planning used by 

government planners, business managers and even military analysts (Martinot et al., 

2007; Mietzner and Reger, 2005; Varum and Melo, 2010; Li et al., 2017; MacKay and 

Stoyanova, 2017; Melander et al., 2019), which is the effective way to understand the 

changing future (Kunc and O'brien, 2017). The primary purpose of building scenarios 
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is to develop a comprehensive and integrated spectrum to guide the evolvement in the 

future with the aim of reducing uncertainty and maximizing the chances of achieving 

a desired outcome, to propose a plan for testing ideas or simulating new developments, 

finally to improve the decision-making ability of managers (Ratcliffe, 2000). Despite 

its increasing popularity as an approach for making sense of an uncertain future and 

for strategic decision-making support, scholars have sought to augment its capabilities 

and effectiveness (Derbyshire and Wright, 2017).  

Scenario planning is mainly based on selected key driving forces of high 

uncertainties to analyze developed scenarios (Lou, 2012), which is a process that 

explores the possibility of the future by analyzing the driving factors and 

interrelations in a system (Gault et al., 1987). For example, in the renewable energy 

field, the uncertainties rose from climate change, resource availability and technology 

innovations can highly affect the energy products and services (Alizadeh et al., 2016) 

and should be identified as driving forces. As a long-term predictive analysis method, 

scenario planning in the renewable energy field in a context of significant uncertainty 

is necessary and important since energy transformation is still on its way 

(Chaharsooghi et al., 2015). Therefore, this paper aims to figure out more effectively 

the driving forces and improve the efficacy (capability and effectiveness) of the 

scenario planning associated with the Delphi survey, and applied to the renewable 

energy field in China to 2030.  

However, traditional scenario planning mainly represented by the intuitive logics 

(IL) approach (Derbyshire and Wright, 2017) has limitations when considering the 

effectiveness of participants in practice. Scenario planning can help to identify the 

causal relationship and driving forces (Wright et al., 2019) by involving participants 

helping recognize weak signals, technological discontinuities and disruptive events 

(Mietzner and Reger, 2005). Still, the bias of participants exits during scenario 

building process and can lead to the risk of overlooking the presence of 

inconsistencies and the possibility of less likely developments (Kosow and Gaßner, 

2008). Previous study showed that one of the reasons of low predictability with 

scenario planning is the cognitive and motivational biases (Wright and Goodwin, 
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2009). The critical study even argued that there is no special reason to trust a group of 

people who can make right decision in scenario planning activity (Churchman, 1968). 

Moreover, even if the participants can give a reasonable judgment, selecting suitable 

and appropriate participants is even harder (Mietzner and Reger, 2005). As indicated 

in Bolger and Wright (2017), the judgment from participants is necessary in the 

certain decision-making environment of scenario planning. Integrated methods such 

as the combination of a Delphi process with scenario development are suggested as 

the new development in theory and practice of scenario planning (Wright et al. ,2013). 

This paper proposes to use Delphi survey to effectively guide participants to 

participate in scenario planning and remove the biases of participants to some extent 

for improving the efficacy of scenario planning. 

Integrating the large-scale Delphi survey into scenario planning can be an 

appropriate way to overcome the efficacy limitations of scenario planning by taking 

into the full consideration of advantages of Delphi survey method. First, the Delphi 

survey method can help on identifying driving forces by involving many 

knowledgeable and skilled participants from multiple backgrounds. Experts from 

different organizations such as firms, public sectors, universities and institutions can 

formulate a collective and reasonable judgment which can benefit the identification of 

driving forces, as a result. Second, the Delphi survey method can help on developing 

the validity of scenario developments by its anonymous attribute and the 

heterogeneity of the participants (Yousuf, 2007). Third, the Delphi survey method can 

help reliably identify driving forces under the help of large-scale participants 

(including experts and stakeholders) associated with the two-round Delphi survey, 

which makes the selecting process more scientific. Absorbing external views proved 

to be very helpful to lower biases where the validated basis of knowledge can help on 

credibility when analyzing the driving forces by scenario planning (Kosow and 

Gaßner, 2008). Finally, the Delphi survey method can help on reducing the ignorance 

of possible important driving forces (Nowack et al., 2011). Thus, the integration of 

Delphi survey method and scenario planning can, on the one hand, take the advantage 

of two methods, and, on the other hand, improve the effectiveness and credibility of 
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the scenario construction process.  

Previous research of using Delphi survey method in the energy field that helps 

on the identification of driving forces discussed several implementation paths. For 

example, Delphi survey can be used as a source of information before scenario 

development in the foresight of the energy and fuel sector in Poland 

(Czaplicka-Kolarz et al., 2009). Delphi survey can be used together with PEST 

(Political, Economic, Social and Technological) analysis and cross-impact analysis to 

help build scenarios by which foreign investments, external economic sanctions, and 

the domestic energy consumption growth are figured out as the key drivers and 

critical uncertainties in the Iranian energy industry (Alizadeh et al., 2016). There is a 

gap between the study of application of integrated method and the study of strategic 

development of China’s renewable energy industry. As the largest energy consumer in 

the world, on the one hand, China is playing a key role in the global energy 

transformation. On the other hand, China is facing several challenges, such as 

maintaining energy balance of renewable energy and traditional energy, and handling 

shortage of electricity supply and environmental pollution (Liu et al., 2011; Zhao et 

al., 2011; He et al., 2016) as other countries worldly (Alizadeh et al., 2016; Menz, 

2005; Zamfir et al., 2016; Marques & Fuinhas, 2012). Furthermore, the sharp conflict 

between rapid economic growth and high CO2 emission should be considered (Zhang 

et al., 2017). In order to deal with those serious challenges, the strategic planning and 

layout for the rapid development of renewable energy is urgent. The previous 

experience of public policy practice from international society shows that focusing on 

indicators of energy intensity and CO2 emission of energy regulatory policy 

(Alizadeh et al., 2015), financial incentives, the access to green technologies 

(Alizadeh et al., 2016), regulatory reform and restructuring the industry (Menz, 2005) 

are useful methods to facilitate the renewable energy industry development and in 

hence cope with these environmental dilemmas. In particular, the preferences between 

developing and developed countries are different in terms of the public policy choices 

to support renewable energy (Carfora et al., 2018), and the effects of the regulatory 

policies change with countries, which is worth to discuss (He et al., 2016; Marques & 
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Fuinhas, 2012; Zamfir et al., 2016). Therefore, both the decision makers and 

researchers need to have a better understanding of the status quo of the China’s 

renewable energy and the key influence ingredients.  

Driven by imperfect methods and lack of practice, this paper tries to conduct an 

integrated method of Delphi survey and scenario planning and use it to research and 

design more effectively the development strategy of the renewable energy towards 

2030 in China. Integrating the Delphi technique into a scenario can ensure the 

creativity, credibility and objectivity (Nowack et al., 2011). Delphi survey method has 

enhanced the participation of experts in scenario planning, and can improve the 

scenario planning by providing more credible information about the development 

situation and environment of China’s renewable energy as well as key influence 

ingredients in the future. The integrated method can help the decision makers and 

researchers to have a better understanding of the drivers and factors that influence the 

development orientation and strategy of the renewable energy towards 2030 in China. 

Delphi-based scenario has been a methodological choice by researchers to 

conduct industry planning (Bokrantz et al., 2017; Heiko & Darkow, 2010; Linz, 2012; 

Schuckmann et al., 2012), and were proved to be useful and efficient for decision 

making and future research in previous research (Nowack et al., 2011). This paper 

uses the integrated method at a Chinese context, contributes to its application in 

China’s renewable energy development strategy to 2030, and adds value on previous 

study by several ways. This paper has both methodological contribution by proposing 

the integrated scenario planning method and practical contribution by implementing a 

novel empirical research and proposing the policy implications for the response of 

Chinese government to the energy transition. Research of the integrated method of 

Delphi and scenario has been discussed in various field, such as in maintenance 

organizations (Bokrantz et al., 2017), logistics service industry (Heiko & Darkow, 

2010), aviation industry (Linz, 2012), transport infrastructure (Schuckmann et al., 

2012), and agriculture (Rikkonen et al., 2006). This paper conducts a four-step 

procedure to integrate the Delphi survey into scenario planning in the renewable 

industry. We made the two-round Delphi survey with the large-scale participants for 
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identifying key exogenous drivers and endogenous factors of China’s renewable 

energy development. Based on the survey results and selected key drivers, this paper 

builds a three-dimensional analytical framework of scenario selection for the 

renewable energy development in China to 2030 and proposes possible policy choices 

for each selected scenario.  

The rest of this article is organized as below. Section 2 presents the research 

design of this article to clarify the background and guide the following steps of using 

integrated method of Delphi method and scenario planning. The Delphi survey results 

are discussed in Section 3. The Section 4 presents the scenario building process of the 

renewable energy in China to 2030. In Section 5, this paper presents scenario 

description of the renewable energy in China to 2030. Finally, this paper gives 

conclusion and discussion in Section 6.  

2. Research Design 

This paper aims to study the integrated method of Delphi method and scenario 

planning, with which to effectively identify the key drivers and factors of China's 

renewable energy development and to accurately draw the 2030-oriented renewable 

energy development scenarios in China. The following sections show how to integrate 

Delphi survey into scenario planning and the principle of the integrated method.   

2.1 Implementation of Delphi Survey 

The Delphi survey method has been most extensively applied both in practice 

and in journal articles (Li et al., 2017). The panel of experts is firstly selected in a 

Delphi study. As a Delphi study involves gathering expert opinions on a particular 

topic, the recruitment of panelists is usually informed by the level of their domain 

knowledge in the relevant topic area (Hsu and Sandford, 2007; Belton et al., 2019). It 

is generally desirable to use a heterogeneous panel of experts rather than a 

homogenous panel (Belton et al., 2019). An “expert” panelist composed of 12 experts 

in our research is established. We focus on the six main sub-fields that were selected 

by experts as our research fields. The six sub-fields of renewable energy include solar 

energy, wind energy, geothermal energy, biomass, hydropower and ocean energy. 
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Each of six-sub renewable energy fields has two experts. These experts come from 

universities, research institutes, firms and social associations.  

In order to effectively build scenarios for the renewable energy development in 

China to 2030, the most important thing is to grasp comprehensively the drivers and 

factors of the development of the renewable energy in China to 2030. So, a 

comprehensive questionnaire including various ingredients (drivers and factors) in the 

development system of the renewable energy in China is the key, which can present a 

holistic evaluation of the renewable energy field’s development system. With the help 

of expert panel, the questionnaire was designed according to two dimensions: 

exogenous key drivers which are related to the dynamics of renewable energy 

development, and endogenous key factors which are related to the trend of renewable 

energy development. The key drivers include five dimensions, i.e., social drivers, 

technological drivers, economic drivers, environmental drivers and political drivers. 

While the key factors include four dimensions, i.e., promoting factor, public policies, 

contribution and negative impact on environment and society. The exogenous key 

drivers as input for developing the scenarios, while the endogenous key factors be 

used as input for the strategy development. An overview of the dimensions and 

detailed items from the questionnaire of the Delphi survey is listed in Table 1.   

 

Table 1 Dimensions and items from the questionnaire of the Delphi survey 

Dimensions Sub-dimensions Items 

Key drivers 

Social drivers 
Ageing population, increasing consumerism, growing 

ecological awareness, growing world population 

Technological 

drivers 

Clean energy technologies, nuclear power, energy 

efficiency technologies, breakthrough of renewable 

energy technologies, smart grid 

Economic drivers 
Global oil and gas prices, national energy pricing, 

growing economy 

Environmental 

drivers 

Nuclear disaster, energy conservation, increased 

global warming or extreme weather events, 

environment disruption 

Political drivers 

Security of energy supply, industry political 

lobbying, laws on conservation, international 

recognition and agreement 
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Key factors 

Promoting factors 

Business models, global standards, open interfaces, 

consumer acceptance, stakeholder consensus, system 

integration, other related technologies, enabling 

infrastructure, others 

Public policies 

Environmental regulation, consumer regulation, 

Intellectual Property Rights (IPR), emissions trading 

schemes, certification and labeling, public 

procurement, financial incentives (e.g. subsidies, tax 

breaks), information campaigns, others 

Positive 

contributions 

Increase in productivity, reduction in CO2 emission, 

reduction of energy consumption, waste reduction, 

optimal use of resources, cost saving, others  

Negative impacts 

High initial cost, high running cost, air pollution, 

water pollution, land-use conflicts, human health, 

impacts on ecosystems, impacts on scenic areas, 

others 

In order to get more stable and reliable conclusions, on one hand, with the help 

of the experts, we selected more than 400 Delphi respondents to fill in the 

questionnaire in the two-rounds of Delphi survey. We think that a large scale of 

Delphi respondents can decrease the negative influence of the participants’ biases and 

easily reach a stable conclusion in the statistical sense. On the other hand, we play a 

two-round Delphi survey, which helps take advantage of Delphi method to guide 

respondents to reach a level of consensus regarding the choice of key ingredients of 

the renewable energy development in China to 2030. In the second round, statistical 

results of the first-round survey are given to the respondents for reference with the 

second-round survey questionnaire. Respondents have a chance of rethinking and 

remaking their choices after referring the summarized information of the survey 

results of the previous round. The surveys used closed questions which make it easy 

to experts to study the statistical results of the research group and to think and to 

answer questions conveniently.  

Regarding to the first dimension - key drivers - at the first-round survey, 

respondents were asked to select five key items among twenty items (see Table 1). 

After the first round, we ranked the results and selected top 10 items which were 

listed as items in the second-round survey. Therefore, at the second-round survey, 

respondents were asked to rank these ten items by importance.  
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Regarding to the second dimension – key factors – at the first-round survey, 

respondents were asked to choose their familiar sub-fields to fill in the questionnaire. 

Furthermore, based on the sub-fields of the renewable energy which they belong to, 

respondents were asked to answer questions regarding to four key factors - promoting 

factor, public policies, positive contribution and negative impact. As mentioned above, 

the same questions of the first-round survey were used to conduct the second-round 

questionnaire. While, at the second-round survey, the experts were asked to choose 

top two important items they believe when answering each question.  

In order to measure and compare the importance of the items (drivers and factors) 

in the development of the whole renewable energy field and in different renewable 

energy sub-fields, this paper used the experts’ recognition level or support level of 

each selected item (%) which came from the statistical analyses of our Delphi survey 

as our values (values of round one and round two of the Delphi survey shown in 

Tables 2-6 in Section 3). 

2.2 Guideline for Delphi survey-based scenario planning 

The traditional scenario planning process represented by the intuitive logics (IL) 

approach usually adopts a multi-step process. Wollenberg et al. (2000) put forward 

four elements of the scenario planning, i.e., defining the purpose, finding the drivers, 

generating the scenarios and analyzing the implication. Mercer (1995) outlined a 

six-step method to scenario planning which emphasizes on deciding the drivers and 

identifying issues. More complex methods were raised to guide the research such as 

five-step method, nine-step method and eighteen-step method (Clemons, 1995; de 

Brabandere and Iny, 2010; Wilson and Ralston, 2006). This paper adopted a new 

four-step guideline that was proposed by our collaborating with KISTEP (Korea 

Institute of S&T Evaluation and Planning) to construct the future scenarios of the 

Chinese renewable energy to 2030. The four-step analytical process follows 

“identifying the key ingredients from Delphi results”, “establishing the causal 

relationships among key ingredients”, “scenario development” and “scenario 

description”. Details of these four steps that are conducted by the Chinese renewable 
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energy to 2030 foresight explain below. Fig. 1 summaries the conceptual process of 

Delphi survey-based scenario planning designed by us. This shows that the panel of 

experts plays an important role in the different stages and aspects.   

Most important factors 

Most influential drivers 

 Step 1
Identifying the key 

ingredients from 

Delphi results

Step 2
Establishing the 

causal relationships 

among key 

ingredients

Expert panel

Step3 

Scenario 

development

Step4

Scenario 

description

Selected

Scenarios

Delphi survey

(First round)

Delphi survey

(Second round)

Key 

drivers/factors

Key 

drivers/factors 

Survey 

Results

Strategy

 and

 Policy

Survey 

Results

Delphi Questionnaire

Fig.1 The conceptual process of Delphi survey-based scenario planning 

Step 1: Identifying the key ingredients from Delphi results 

The key ingredients are determined based on the Delphi results. For the whole 

renewable energy field, the top two or three key drivers (KD) have been selected as 

the determinant factors of scenarios. For each renewable energy sub-field and the 

whole renewable energy field, some ingredients need to be identified which include 

the top two or three promoting factors (PF) having the most potential impact to 

promote adoption, the top two or three public policies (PP) having the most potential 

impact on renewable energy, the top two or three positive contributions (PC) to the 

environment and society and the top two or three negative impacts (NI). 

Step 2: Establishing the causal relationships among key ingredients 

Positive contributions (PC) or negative impacts (NI) can benefit key drivers 

(KD), while the public policies (PP) and promoting factors (PF) can affect and even 

determine the PC or the NI. Therefore, many possible relationships among key 

ingredients exist. In order to facilitate the scenario planning being more logical and 

reliable, with the help of the panel of experts, it is necessary to identify the causal 

relationships. The causal relationship figure can help scenario-builders to grasp the 
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information key ingredients in systemic thinking to effectively design policy tools and 

strategies. Fig. 2 shows one of the possible causal relationships among key 

ingredients. 

KD3
KD2 KD1

NI3

NI2

NI1

PC3

PC2

PC1
PF3

PF2

PF1

PP3

PP2

PP1

Negative

Impacts

Positive

Contributions Promoting

Factors

Public

Policies

Key

Drivers

 

Fig. 2 The conceptual chart of the possible causal relationships among key ingredients 

 

Step 3: Scenario development 

The scenario development is based on the top two and three drivers with most 

obvious uncertain and importance for the development of renewable energy field in 

China to 2030. Through a combination of different drivers, four scenarios in selecting 

two key drivers or eight scenarios in selecting three drivers are chosen, which are 

determined by the possibilities of scenarios in the practical context of the renewable 

energy in China to 2030. Each chosen scenario should describe the possible status of 

renewable energy to 2030 in details. 

Step 4: Scenario description  

The chosen scenarios are written and described with respect to the causal 

relationships and quantitative results from the survey. Diverse information of key 

factors in the five dimensions can help to better understand and implement a scenario. 

Based the key factors, policy implications behind each scenario should be analyzed to 

find the opportunities and threats. In order to overcome challenges embodied in key 

factors, the policy measures should be formulated and the strategy to achieve the 
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scenario should be developed.  

3. Delphi Survey Results 

Finally, 195 experts answered questionnaire and participated in the first-round 

survey and 168 experts answered questionnaire and participated in the second-round 

survey. This paper used the results from the second-round survey.  

3.1 Key Drivers  

An overview of the distribution of key drivers for renewable energy by 

two-rounds of Delphi surveys is shown in Table 2. The values in Table 2 represent the 

experts’ recognition level or support level of each item and come from the statistical 

analysis of our Delphi survey. For example, the “breakthrough of renewable energy 

techs” were recognized by 62% of the experts, against 31% for the “growing 

ecological awareness” and 31% for the “national energy pricing”, in the overall 

renewable energy field of the second round Delphi survey results. As shown by 

statistical proportion results, top ten drivers were selected. The results of the 

second-round survey showed that more than 60% of all respondents believed the 

“breakthrough of renewable energy techs” is the main driver to facilitate the 

development of the renewable energy. The second driver factor is “growing ecological 

awareness” and the third one is “national energy pricing”. Both of them take up 31% 

respectively. These three drivers were identified as the key drivers to construct the 

energy scenario.  

Table 2 Key drivers for renewable energy (/%) 

Category Drivers R1 R2 

Social 

Ageing population 2 -  

Increasing consumption 24 24 

Growing ecological awareness 37 31 

Technological 

Growing world population 19 -  

Clean energy techs 42 21 

Nuclear power 4 -  

Energy efficiency techs 9 -  

Breakthrough of renewable energy techs 66 62 

Smart grid 14   

Economic Global oil and gas prices 32 29 
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National energy pricing 30 31 

Growing economy (GDP) 29 14 

Environmental 

Nuclear disaster 9 -  

Energy conservation 21 -  

Increased global warming or extreme weather 

events 
28 21 

Environment disruption 31 21 

Political 

Security of energy supply 37 24 

Industry political lobbying 6 -  

Laws on conservation 20 -  

International recognition and agreement 20 -  

Others 1 1 

Number of respondents (/person) 195 168 

Note: R1: First-round Survey; R2: Second-round Survey 

3.2 Promoting Factors 

An overview of the distribution of the promoting factors for six renewable 

energy sub-fields and the overall renewable energy field of the two-rounds of Delphi 

surveys is shown in Table 3. The values in Table 3 represent the experts’ recognition 

level or support level of each item and come from the statistical analysis of our Delphi 

survey. For example, the “business models” were recognized by 66% of the experts, 

against 50% for the “consumer acceptance” and 46% for the “stakeholder consensus”, 

in the overall renewable energy field of the second round Delphi survey results. As 

shown by statistical proportion results, “business models”, “consumer acceptance” 

and “stakeholder consensus” are the top three promoting factors without considering 

the renewable energy categories. Considering categories, there are differences cross 

six renewable energy sub-fields in promoting factors. For both solar energy and ocean 

energy, “business models” and “consumer acceptance” are the top two promoting 

factors. And for the wind energy and hydro, “business models” and “stakeholder 

consensus” are the two major promoting factors. Regarding to the geothermal energy, 

“consumer acceptance” and “stakeholder consensus” are selected as the top two 

promoting factors. As for the biomass, the top two promoting factors are “business 

models” and “system integration”.  

Table 3 Distributions of promoting factors by six renewable energy sub-fields (/%) 
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Promoting 

factors 

Solar Wind Geo Biomass Hydro Ocean All 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

Business models 44 61 41 71 39 40 49 75 52 57 50 79 45  66  

Global standards 7 4 12 4 11 0 7 0 7 0 0 0 8  3  

Open interfaces 16 16 28 20 28 20 30 11 19 17 15 0 22  15  

Consumer 

acceptance 
59 74 28 24 28 60 23 34 30 35 35 50 39  50  

Stakeholder 

consensus 
36 42 40 57 44 73 33 30 37 57 31 38 36  46  

System 

integration 
37 35 33 40 44 40 40 57 15 13 46 50 36  40  

Other related 

technologies 
18 3 18 9 0 13 18 7 11 13 38 33 18  9  

Enabling 

infrastructure 
34 41 42 45 33 33 27 36 33 39 19 21 33  39  

Others 2 1 3 0 0 7 1 0 0 9 0 0 2  1  

Number of 

respondents 

(/person) 
135 127 78 75 18 15 73 56 27 23 26 24 357 320 

Note: R1: First-round Survey; R2: Second-round Survey 

3.3 Public Policies 

An overview of the distributions of the public policies for six renewable energy 

sub-fields and the overall renewable energy field of the two-rounds of Delphi surveys 

is shown in Table 4. The values in Table 4 represent the experts’ recognition level or 

support level of each item and come from the statistical analysis of our Delphi survey. 

For example, the “financial incentives” were recognized by 87% of the experts, 

against 84% for the “environmental regulation” and 42% for the “emissions trading”, 

in the overall renewable energy field of the second round Delphi survey results. 

According to statistical proportion results, the “financial incentives” and 

“environmental regulation” are the top two effective public policies. However, these 

policies play different roles in the six renewable energy sub-fields. For example, in 

the field of solar energy, wind energy and ocean energy, the “financial incentives” 

takes a higher proportion than the “environmental regulation”. While for the fields of 

biomass and hydro energy, the “environmental regulation” takes a higher proportion 

than the “financial incentives”. In the geothermal energy field, the numbers of 
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respondents supporting the “environmental regulation” and the “financial incentives” 

are exactly the same.  

Table 4 Distributions of public policies by six renewable energy sub-fields (/%) 

Public Policies 
Solar Wind Geo Biomass Hydro Ocean All 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

Environmental 

regulation 
72 85 67 84 78 80 70 88 85 83 65 75 71 84 

Consumer 

regulation 
24 25 21 15 22 27 21 23 11 22 12 17 20 22 

Intellectual 

property rights 
7 6 8 4 0 7 10 5 4 0 8 8 7 5 

Emissions trading 

schemes 
28 38 40 51 11 13 32 52 30 39 27 38 31 42 

Certification and 

labeling 
4 1 6 5 11 7 0 2 0 0 4 0 4 2 

Public 

procurement 
20 20 21 19 22 20 18 11 22 13 31 29 21 18 

Financial 

incentives 
72 92 73 89 72 80 63 79 48 70 69 92 68 87 

Information 

campaigns 
16 8 8 4 17 27 10 0 15 22 4 0 12 7 

Others 2 1 1 1 0 0 0 0 0 0 0 0 1 1 

Number of 

respondents 

(/person) 

135 127 78 75 18 15 73 56 27 23 26 24 357 320 

Note: R1: First-round Survey; R2: Second-round Survey 

3.4 Positive contributions and negative impacts 

The overviews of the distributions of the positive contributions and negative 

impacts by six renewable energy sub-fields and the overall renewable energy field of 

two-rounds of Delphi surveys are shown in Table 5 and Table 6, respectively. The 

values in Table 5 represent the experts’ recognition level or support level of each item 

and come from the statistical analysis of our Delphi survey. For example, the 

“reduction of fossil energy consumption” were recognized by 89% of the experts, 

against 81% for the “reduction in CO2 emission” and 69% for the “optimal use of 

resources”, in the overall renewable energy field of the second round Delphi survey 

results. According to the statistical proportion results, the “reduction of fossil energy 

consumption” and “reduction in CO2 emission” are the two main positive 
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contributions of the renewable energy. Besides, for the fields of geothermal energy 

and biomass energy, the “optimal use of resources” plays a more important role than 

other positive contributions.  

Table 5 Distributions of positive contributions to environment and society by six renewable 

energy sub-fields (/%) 

Contributions 
Solar Wind Geo Biomass Hydro Ocean All 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

Reduction of 

fossil energy 

consumption  
80 91 81 88 67 80 71 84 70 96 73 88 76 89 

Reduction in 

CO2 emission 
70 83 73 84 78 87 56 68 67 74 77 92 68 81 

Increase in 

productivity 
3 4 6 3 0 0 4 0 4 13 4 0 4 3 

Waste reduction 28 18 26 12 11 20 51 45 4 17 35 4 30 20 

Optimal use of 

resources 
56 76 55 68 61 80 56 68 59 30 46 75 55 69 

Cost saving 9 6 6 4 22 7 4 0 11 22 4 0 8 5 

Others 1 2 1 0 0 0 0 0 0 0 0 0 1 1 

Number of 

respondents 

(/person) 
135 127 78 75 18 15 73 56 27 23 26 24 357 320 

Note: R1: First-round Survey; R2: Second-round Survey 

 

The values in Table 6 represent the experts’ recognition level or support level of 

each item and come from the statistical analysis of our Delphi survey. For example, 

the “high initial cost” was recognized by 86% of the experts, against 58% for the 

“high running cost” and 47% for the “land-use conflicts”, in the overall renewable 

energy field of the second round Delphi survey results. As for the negative impact, the 

“high initial cost” is the main concern of experts for the renewable energy 

development. Owing to the special requirement of land resource, the “impacts on 

ecosystems” is the potential threat to environment of hydro energy.  

Table 6 Distributions of negative impacts on environment and society by six renewable 

energy sub-fields (/%) 

Negative 

impacts 

Solar Wind Geo Biomass Hydro Ocean All 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

High initial cost 78 95 68 81 78 87 62 80 44 65 81 88 70 86 

High running cost 36 60 36 57 11 20 48 75 15 13 42 79 36 58 
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Air pollution 2 2 4 0 0 7 3 0 0 0 0 0 2 1 

Water pollution 4 2 1 0 22 13 1 4 7 9 0 0 4 3 

Land-use 

conflicts 
32 51 31 44 22 47 33 54 30 61 4 8 29 47 

Human health 1 0 1 1 0 7 1 2 4 0 4 0 1 1 

Impacts on 

ecosystems 
14 13 33 41 22 47 19 21 63 78 23 46 24 30 

Impacts on scenic 

areas 
19 12 21 19 11 7 3 0 19 17 0 0 14 11 

Others 4 3 5 4 0 0 0 0 0 0 0 4 3 3 

Number of 

respondents 

(/person) 
135 127 78 75 18 15 73 56 27 23 26 24 357 320 

Note: R1: First-round Survey; R2: Second-round Survey 

4. Scenario Development  

4.1 Identifying the key ingredients 

We further identified the top two or three items as the final drivers or factors to 

analyze the renewable energy development in China to 2030. Besides observing the 

six renewable energy sub-fields as a whole, the selection of key ingredients took each 

renewable energy sub-field into consideration in terms of their differences. The key 

ingredients were identified based on the second-round survey results. Table 7 displays 

the selected results of the key ingredients in each renewable energy sub-field based on 

the Delphi survey results. We further added the average results without considering 

the renewable energy categories. 

Table 7 Key ingredients derived from Delphi survey 

Ingredients Items 

Key drivers 
Breakthrough of renewable energy technologies, Growing ecological 

awareness, National energy pricing 

Promoting factors 

Business model (except: Geothermal energy),  

Stakeholder consensus (include: Wind energy, Geothermal energy, 

Hydropower),  

Consumer acceptance (include: Solar energy, Geothermal energy, 

Ocean energy),  

System integration (include: Biomass, Ocean energy) 

Note: Based on the average of all renewable energy industries: 

Business model, Consumer acceptance 

Public policies 

Financial incentives, Environmental regulation, Emission trading 

schemes (include: Wind energy，Biomass) 

Note: Based on the average of all renewable energy industries: 

Financial incentives, Environmental regulation 

Positive Contributions 
Reduction of energy consumption, Reduction of CO2 emission, 

Optimal use of resources (except: Hydropower) 
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Note: Based on the average of all renewable energy industries: 

Reduction of energy consumption, Reduction of CO2 emission, 

Optimal use of resources 

Negative impacts 

High initial cost, High running cost (except: Geothermal energy, 

Hydropower),  

Land-use conflict (except Ocean energy),  

Ecosystems (include: Hydropower) 

Note: Based on the average of all renewable energy industries: High 

initial cost, High running cost, Land-use conflict, Ecosystems 

 

4.2 Establishing the causal relationships among key ingredients 

This study aims to analyze the status and promote the renewable energy 

development in China to 2030. The premise is to know well about the causal 

relationship among key ingredients. This step adopts expert panel method by which 

the professional knowledge of experts is considered. We invited selected different 

experts to attend two conferences to discuss and formulate the relationships among 

key ingredients. Based on the Delphi survey results, we and experts formulated the 

overall causal relationship of observed six renewable energy sub-fields, and the 

diagram is shown in Fig. 3. This diagram shows that there are complicated interactive 

relationships among key ingredients of promoting factors, public policies, positive 

contributions, negative impacts and key drivers.     
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NI: land-use conflict

NI: high initial 

cost

PP: financial 

incentives 

PC: reduction of CO2 

emission

PC: reduction of energy 

consumption

PC: optimal use of 

resources

NI: high running 

cost

PP: environmental 

regulation

PF: Promoting factors 

PP: Public policies

PC: Positive contributions

NI: Negative impacts

KD: Key drivers

KD: growing ecological 

awarenessKD: national energy 

pricing
KD: Breakthrough of renewable 

energy techs

PF: business model 

PF: consumer 

acceptance

Fig. 3 The overall causal relationships of key ingredients describing the group of six 

renewable energy sub-fields  

Note: the sizes of circle present the proportion of experts in each item 

4.3 Scenario Development 

The results from the Delphi survey showed that the “breakthrough of renewable 

energy technologies”, “growing ecological awareness” and “national energy pricing” 

were the top three drivers that influence the development orientation of Chinese 

renewable energy. By experts, the “technology development”, “ecological awareness” 

and “national energy pricing” were labeled as the three dimensions in the scenario 

writing. A three-dimensional scenario planning framework of the renewable energy in 

China to 2030 is constructed in Fig. 4. According to the two possible extreme 

development states of each driver, including breakthrough or not of renewable energy 

technologies, strong or weak of ecological awareness, and high or low of national 

energy pricing, there were eight scenarios of the renewable energy. Considering the 

society and development reality in China to 2030, we chose five possible scenarios to 
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2030, which are the “optimal for country”, “optimal for renewable industry”, 

“positive cycle”, “policy-based dependence” and “take things as they are”. In Fig. 4, 

the space position of five scenarios has shown their attributes of the three dimensions. 

However, the five scenarios are non-independent with each other, and we thought they 

were a progressive relationship in a hierarchical relationship from “best” to “worst” as 

shown in Fig. 5.   

High

Low

Take things as they 

are

Policy-based 

dependence

Positive cycle

Optimal for 
renewable industry

Optimal for country

StrongWeak

NATIONAL 

ENERGY 

PRICING

Breakthrough

No breakthrough

TECHNOLOGY 

DEVELOPMENT

ECOLOGICAL 

AWARENESSScenario

Scenario

Scenario

Scenario

Scenario

Scenario

Scenario

Scenario

 
Fig. 4 The three-dimensional scenario planning framework of the renewable energy in China 

to 2030 

Take things as they 

are.

Policy-based 

dependence

Positive cycle

Optimal for 

renewable industry

Optimal for 

country

 

Fig. 5 The hierarchical relationships of selected five scenarios of the renewable energy in 

China to 2030 



 

21 

 

5. Scenario Description 

As discussed above, five scenarios were constructed. The characters of key 

drivers in each scenario were summarized in Table 8.  

Table 8 The development characters of five future scenarios of China’s renewable energy 

field to 2030 

Scenarios Tech-development 
National energy 

pricing 

Ecological 

awareness 
Ranking 

Optimal for country Breakthrough Low Strong Best 

Optimal for renewable 

industry 
Breakthrough High Strong Better 

Positive cycle No breakthrough High Strong Moderate 

Policy-based dependence No breakthrough Low Strong Worse 

Take things as they are No breakthrough Low Weak Worst 

 

Based on the key ingredients influencing the scenario development of Chinese 

renewable energy fields to 2030 as well as the causal relationship among key 

ingredients, this paper analyzed possible situations of different scenarios and try to 

bring forth the policy implications. 

(1) Best Scenario: Optimal for Country 

In the situation of best scenario, all the three drivers are in their “good” side for 

the country. Technology is not the barrier to the development of renewable energy 

industry and the public has a strong ecological consciousness, which can reduce the 

costs of renewable energy promotion. The energy market in 2030 will be occupied by 

fossil energy. The low national price of fossil energy means the renewable energy 

lacking price advantage. But it provides an optimal development opportunity and 

dynamics while bring development challenges for the country. Improving innovative 

capability as a sustainable development way of renewable industry to reduce the use 

costs and to gain the price advantage of renewable energy will be one of the main 

tasks of the government while using financial subsidies to promote its development. 
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To achieve the goal, the government should increase investment in the R&D of 

key technologies and especially promote the R&D of economical technologies. The 

costs of renewable energy can decrease if the breakthrough of technology and the 

market share of renewable energy accounting for the traditional energy is large 

enough. Therefore, encouraging the utilization of renewable energy to expand market 

share is another key task of the government. Besides, the public needs to be guided to 

shape a strong ecological consciousness. Strengthening propaganda should be put on 

the agenda at an early stage. 

(2) Better Scenario: Optimal for Renewable Industry  

In this situation, the renewable energy technology has obtained a breakthrough. 

The cost of renewable energy is lower than that the cost of fossil energy. The market 

of renewable energy is active, which attracts private capitals. Compared with the 

situation of the best scenario, the national energy price doesn’t have advantage in this 

situation. Coupled with the strong ecological awareness, the technology, market and 

society present the development dynamics for renewable energy. In this scenario, the 

additional financial subsidies are not necessary, and the renewable industry 

development is in the optimal scenario. But the overall development cost of the 

country is higher due to the higher utilization cost of fossil energy with major share. 

In this scenario, the fossil energy has a higher price which provides an opportunity for 

renewable energy development. With the support from the public and the government 

who have strong ecological awareness, the renewable energy has a great prospect. It is 

good for the development of the renewable energy industry but not for the country. 

The renewable energy has the chance to compete with the fossil energy. The 

government should encourage the application of the renewable technologies. The 

investment in the renewable energy industry is necessary which can promote its share 

in the entire energy industry.  

(3) Moderate Scenario: Positive Cycle 

The ecological awareness is strong in this scenario, but the technology 

development restricts the industry development. There is no breakthrough in 

renewable energy technology which might be the main obstacle to renewable energy 
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development in China to 2030. The situation of higher national energy price shows 

there is still a chance for renewable energy to occupy the market. The growing 

ecological awareness will break the barriers of the renewable energy development.  

The primary task for the government is to increase the R&D investment to 

achieve the technological breakthroughs. The high energy price may come from the 

energy shortage. Improving the utilization efficiency can be a good way to do with it, 

which calls for high innovative capability of the renewable energy firms. Financial 

supports and talents cultivation are quite necessary. 

(4) Worse Scenario: Policy-based Dependence  

In this scenario, renewable energy faces serious challenges from the perspective 

of technology and price. No technological breakthroughs might be one of the reasons 

that cause the higher price of the renewable energy compared to the fossil energy. The 

market might show a possible failure because of these reasons. However, the 

government can play an important role in promoting the growth of the renewable 

industry. Supportive Policies should be the driver of the development of the 

renewable energy industry.  

Financial incentives such as the subsidies and tax incentives can be the effective 

methods to encourage firms to invest in the R&D. In order to reduce the renewable 

energy costs, policies should be introduced to optimize the investment environment. 

The renewable energy should be developed collaboratively in synergy with the entire 

energy system and be deeply integrated into it, and gradually increase its market 

share.  

(5) Worst Scenario: Take Things as They are  

There is no advantage for the renewable energy in the situation of the worst 

scenario. No new technologies can benefit the renewable energy industry, and the 

public may even don’t accept it. The low price of fossil energy makes the renewable 

energy industry barely impossible to develop in the country. The supports from the 

government may be the only protection to the renewable industry. 

In this scenario, the government may have the hardest situation in the 

development of renewable energy industry in China to 2030. The R&D investment of 



 

24 

 

the new technologies is the primary task to deal with the dilemma. Policies that 

stimulate innovation in the renewable energy industry are urgently required. 

Education and propaganda should be conducted to enhance the ecological awareness. 

6. Conclusion and Discussion  

Future-oriented planning and strategy will face more and more complex situation 

and environment especially in the systemic thinking of various drivers and factors. It 

is urgent to integrate various methods and take advantage of their complementary 

advantages to support complex decision-making. This paper promotes the integration 

of the Delphi survey into scenario planning, and applied it to a new empirical context 

for the development of renewable energy in China to 2030. Our research enriches 

extant literature and provides meaningful findings, which contributes to both the 

methodology and the policy implications. 

6.1 Main findings 

The results of the Delphi's findings showed that the “breakthrough of renewable 

energy technologies”, “growing ecological awareness” and “national energy pricing” 

were top three key drivers for renewable energy development in China. The 

breakthrough of renewable energy technologies is crucial to the energy transformation, 

which is the most important factor limiting the renewable energy development. 

Environmental ecological awareness and national energy pricing are exogenous 

uncertainties of renewable energy development, however, which are determined by 

technological breakthroughs and policy guidance. Therefore, the breakthrough of 

renewable energy technologies and the national energy pricing should be given 

priority in formulating the energy policies in the future. In terms of growing 

ecological awareness, governments should strengthen propaganda of ecological 

awareness and attract the broad participation of the public. 

The Delphi survey helps identify key factors influencing the development of 

renewable energy field in China to 2030, however, in which different renewable 

energy sub-fields have differences. At the same time, the significantly important 

factors mainly focus on only individual ones. Taking the solar energy field as an 
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example, among all the choices, “business models” and “consumer acceptance” are 

the main factors which may impede its development. The top two effective public 

policies are the “financial incentives” and the “environmental regulation”. The 

“reduction of energy consumption” and “reduction in CO2 emission” are the main 

positive contributions. As for the negative impacts, “high initial cost” is the main 

worry of experts for renewable energy development.  

Our empirical study contributes to existing method with a novel 

three-dimensional scenario planning that composed of eight future scenarios. Based 

on the China’s practical reality, five scenarios are selected as possible development 

scenarios of China’s renewable energy to 2030, which are in a hierarchical 

relationship from “best” to “worst”, i.e., “optimal for country”, “optimal for 

renewable industry”, “positive cycle”, “policy-based dependence” and “take things as 

they are”. This paper develops possible policy choices for each selected scenario.  

6.2 Theoretical and methodological implications 

This paper promotes the development of future-oriented analysis technology and 

theory in the complex contexts. The complex decision-making environment needs to 

comprehensively consider key drivers and factors for obtaining enough information 

influencing the development orientations and dynamics of observed objects. This 

paper introduces the integrated method which has been proved efficient (Nowack, 

Endrikat, & Guenther, 2011; Bokrantz et al., 2017; Heiko & Darkow, 2010; Linz, 

2012; Schuckmann et al., 2012; Rikkonen et al., 2006) and has several theoretical and 

methodological implications. First, in the field of renewable energy, this paper 

proposes a four-step Delphi survey-based scenario planning method with participation 

of expert teams in every step, to contribute on the process of key drivers and key 

factors identification to the existing integrated method. The methodology of 

generating scenario has been discussed by previous research with better usage and 

integration of different tools to overcome its limitations, such as the Cross-Impact 

Analysis (CIA) and Interpretive Structural Modeling (ISM) (Bañuls & Turoff, 2011), 

Multi-Criteria Decision Making (e.g. Analytic Network Process, ANP) (Alizadeh et 
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al., 2020), delphi, scenario planning, MICMACN software and CIA (Alizadeh & 

Soltanisehat, 2020), combined quantitative and qualitative analysis of Delphi data 

(Rikkonen & Tapio, 2009). Moreover, going further the extant literature (e.g., 

Wollenberg et al., 2000; de Brabandere and Iny, 2010; Kaufmann, 2016; Derbyshire 

and Wright, 2017), this paper emphasizes the involving of expert teams in every step 

of scenario construction which can help to identify and revise the unnoticed signal in 

energy development strategy to 2030. In this situation, the decision environment is 

open, which adapts to the systemic thinking, while the traditional scenario planning is 

developed in the “black-box” environment. In the open decision environment, more 

stakeholders from organizations can provide diverse information and take part in the 

decision formulation process, which helps the implementation of policy suggestions 

and strategic planning by scenario planning. Third, we contribute the Delphi 

survey-based scenario planning process to improve the effectiveness of 

decision-making. One important feature of the Delphi survey is that participants 

remain anonymous thereby eliminates the interactions among them, by which Delphi 

survey-based scenario planning can provide more effective conclusions.  

Besides, our empirical analysis promotes the theoretical development and public 

structural understanding of the China’s renewable energy system. Compared to 

previous studies (e.g., Zhang et al., 2017; Yang et al., 2016; Ye et al., 2019; Witt et al., 

2020), we explored the development of renewable energy from five aspects related to 

key drivers, promoting factors, public policy, positive contribution, negative impacts 

by Delphi method, which helped the researchers and decision makers to understand 

the comprehensive information influencing the development of renewable energy 

fields in China to 2030. By the four-step method, this paper constructed a 

three-dimensional scenario analytical framework (the “technology development”, the 

“ecological awareness” and the “national energy pricing”) which produces eight 

different scenarios. This is different with the traditional 2×2 matrix “intuitive logics” 

approach producing four scenarios (see, Varum and Melo, 2010; Gordon, 2020), 

which provides more scenario choices and adapts to more complex decision-making 

environments. Finally, this study selected five scenarios considering the possible 
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situation of China to 2030. A progressive relationship among these five scenarios is 

described. This empirical study can further promote the understanding of the 

development of the China’s renewable energy system from the multiple scenarios as 

well as the dynamic perspective.  

6.3 Policy implications  

This paper proposes several policy implications to the government. Firstly, the 

government should encourage the investments to facilitate the development of 

renewable energy technology and lower the cost of renewable energy application and 

expanding the market share of the renewable energy. The low utilization efficiency of 

renewable energy leads to the failure of fully tapping the potential of sustainable 

development of renewable energy. Therefore, developing efficient and low-cost 

renewable energy technology to improve the competitiveness of the renewable energy 

in the energy market should be considered by the government. Besides, China lags 

behind the developed countries in the development of key technologies for renewable 

energy. In order to be more independent of doing research in the field of renewable 

energy, measures such as subsidies for R&D investment need taken to accelerate the 

development of the domestic technologies. 

Secondly, the government should think about ways of optimizing the energy 

industry structure and strengthening the infrastructure of energy transformation. 

China's energy transformation foundation is relatively weak, and it is still unable to 

achieve large-scale renewable energy utilization. On the one hand, the government 

needs to increase investment in infrastructure, on the other hand, it needs to optimize 

the existing industrial structure and gradually build an industrial environment that can 

adapt to the development of the renewable energy. Without the supports from the 

government, it is difficult for a new form of energy to break through the existing 

energy structure, and hence the road of the energy transformation will be extremely 

difficult. 

Thirdly, the government should give serious thought to stimulate the enterprise 

vitality and improve consumer acceptance. Enterprises play a vital role in the 
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development of renewable energy. Guiding enterprises to participate spontaneously in 

the construction of renewable energy infrastructure and technology development can 

overcome obstacles hindering the energy transformation in China. Tax incentives and 

price subsidies can be conducted. The goals of formulated policies should aim to 

stimulate the vitality of enterprises' independent innovation rather than become the 

obstacles lower the vitality of renewable energy development. Nevertheless, to 

increase the utilization rate of the renewable energy, we should consider improving 

consumers' acceptance of a new technology, establishing sustainable development 

awareness among different stakeholders and reducing the use of fossil energy. 

Fourthly, the government should further consider constructing a differential 

policy system for renewable energy sub-fields. Different renewable energy systems 

have different development and policy needs. Each type of renewable energy system 

has its inherent characteristics and development laws. Therefore, in the process of 

promoting the development of renewable energy, different development policies 

should be formulated after established the direction of renewable energy development. 

Not only should the self-characteristics of renewable energy sub-fields be considered, 

but also the development and commercialization of different renewable energy 

technologies should be promoted in a differential way according to the stage of 

renewable energy development and application. The flexible policy toolbox and 

policy-mix construction should be the focus of energy policy makers in the future. 

6.4 Limitations and future work  

This paper shows that the combination of scenario planning and Delphi survey is 

an attracting method. However, this method may be troubled by some limitations for 

inspiring future researches. One limitation is that the implementation efficiency and 

cost of Delphi survey-based scenario planning may be low since the large-scale 

Delphi survey needs more costs of time and resources. So, one of the potential 

researches is the study of the appropriate scale of the expert panelist in Delphi survey 

for scenario planning in the different empirical contexts. The other potential research 

is to improve the process efficiency of the Delphi survey-based scenario planning 
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associated with advanced information technology, which can meet policy needs in a 

timely manner. The other limitation is that our research heavily depends on the 

judgments of experts and respondents. These judgments are constantly subjective and 

provide limited information. Thus, future research can concentrate on how to apply 

the big data information and technique to obtain more objective information. This can 

support and even effectively guide the judgment of experts and respondents. Of 

course, the Delphi survey-based scenario planning can be extended to empirical 

contexts in the future. One is that it can be used to improve technology foresight. In 

this situation, one important potential research is how the questionnaire design can 

integrate the questions about drivers and factors into the traditional technology. 

Finally, we should knowledge the limitation of the Delphi method which is able to 

mitigate overconfidence but is not able to address the desirability bias (Bonaccorsi, 

2020). Therefore, we encourage further methodological, empirical and theoretical 

studies on the improvements of the Delphi method in various research contexts.  
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