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Abstract

:

The adoption of the UN 2030 Agenda and the Sustainable Development Goals is a landmark in international sustainability politics. For example, Europe has set ambitious targets to achieve 100 climate-neutral and smart cities by 2030. However, numerous case studies from different countries have found that accelerating the transition to net-zero carbon emissions is easily hampered by the lack of a coherent systems framework, and that implementation gaps remain at the community level. These barriers are often due to a lack of an adequate end-user (i.e., household) input and early planning participation. This work therefore aims to improve on conventional planning methods that do not reflect innovative technologies with uncertainty and may not be applicable due to the lack of community empowerment, which is a dynamic learning and intervention opportunity for end-users at different planning stages (i.e., outreach, survey, planning, implementation, management, and maintenance). Using the lessons learned from participatory action research, whereby the author was involved as a project director throughout the planning and design process, we identified a six-step cycle principle. The steps are (1) collective action commitments, (2) local values and resource identification, (3) carbon footprint inventory, (4) optimized integration of environment, economy, and energy action plans, (5) Flexible strategic energy system plans, and (6) digital performance monitoring. Ultimately, the outcomes provide application support for policymakers and planners and stimulate community engagement to contribute to the achievement of zero net carbon emissions.
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1. Introduction


The adoption of the UN 2030 Agenda and the Sustainable Development Goals is a hallmark in international sustainable development politics. To accelerate progress toward the goals, countries have committed to setting relevant policy-driven plans [1,2,3,4]. Europe, for example, has pledged to take a leadership role in climate action and has set an ambitious target of 100 climate-neutral and smart cities by 2030. Similarly, three batches of low-carbon city pilot projects were launched in China from 2010 to 2017, expanding low-carbon pilot projects to 100 cities and approximately 1000 communities [5]. However, whether it is a cross-national region or a single country, the rapid increase in numbers to accelerate the transition to net-zero carbon emissions is easily hindered by the lack of a coherent systemic framework to support it [3]. This is because the transition to net-zero emissions involves many innovative developments in technology, economy, and society. Innovation is an overturning of traditional consumer behavior, policy decisions, technology development, energy and land use, and spatial planning models [6]. Hence, seeking local acceptance and support to achieve energy efficiency (EE) and sustainability goals is necessary and important to empower community users to participate in sustainable development management during the initial operational mechanisms and planning process [7], in addition to enhancing innovative community energy planning and design approaches.



Community-scale development projects with very low fossil fuel use and greenhouse gas (GHG) emissions have been promoted in many countries. These projects are known by names such as ‘carbon neutral communities’ [8], ‘low-carbon communities’ (LCCs) [9,10,11], ‘renewable energy communities’ [12,13], and ‘net-zero energy communities’ [14,15]. Different projects take different forms, but all play a significant role in showing how place-based communities can exist with far less dependence on fossil fuels and far fewer greenhouse gas emissions. Yet, getting such projects designed, approved, financed, constructed, maintained, and monitored is far from easy. In addition to the lack of a coherent planning system framework as mentioned above, the main reason is the lack of sufficient input from end users (i.e., households) to participate in early planning and build their capacity through the planning process, and ultimately through their own actions that can contribute to net zero communities in the long term. For this reason, recent studies have begun to focus on community empowerment [16,17,18] and highlighted the importance of social factors in influencing long-term local energy and climate change [19]. The transformation of community residents into the energy system can be facilitated through an empowering process of providing information and choice, further supporting them to self-manage demand and supply with a flexibility of their own energy system. Furthermore, with respect to community-based approaches, research indicates that the recognition and incorporation of local values, capacity, and knowledge is increasingly considered an essential part [1,20].



Yet, the question remains as to how and what mechanisms are available to integrate community empowerment into the planning process, especially in countries where historically no energy community exists [21,22]. Finding this answer is opportunistic, and it has proven successful in implementing empowerment through project-level energy planning practices, such as Canada [20] and even achieving gender inclusion in the past [23]. To adjust its feasibility and clarify which mechanisms can incorporate community empowerment into the planning process, our study adopted a participatory research approach using the first LCC in Taiwan as a case study, where the researcher was the project director of a government-commissioned planning and design project. To elucidate, the key issues are as follows: What drives community empowerment, and how can it be influenced? What drives the feasibility of RE development and EE deployment in the specific case study area? Finally, what drives effective work on integrated energy, environmental, and economic (3E) assessment into the planning process?



To answer these questions, in Section 2, we review the literature to identify the driving facilitators that influence community empowerment to embed zero net carbon. We then tested these planning models in an actual hands-on project, the first LCC in Taiwan, a tea-making and tourism district in Pinglin, New Taipei City (NTC). For this purpose, we evaluated the proposed planning model through participatory action research (PAR). These methods are described in Section 4. We discuss the results of the application of the drivers in Section 5. In the final section, we summarize the key principles of the planning process based on the experience gained in the case study and then draw a conclusion.




2. Literature Review


Here, we construct hypotheses supported by two theories. Both collective action theory and coevolutionary theory are proposed as unique perspectives to contribute to the empowerment of communities in regulatory planning practices. Promoting collective action by building links between the private and public sectors and the community is not a new idea in community practice projects [24,25]. The external facilitators that collaborate with community action for renewable energy (RE) development can be identified from the definition of a sustainable community: “governors, politicians, project developers, technology market actors, professionals and citizens actively cooperate to develop high degrees of intelligent energy supply, facilitating sustainable energy sources” [26]. Facilitating mixed sector participation in community collective action as a way of empowering the community has been proposed to provide a number of key benefits [16,17,21]. The first benefit is pragmatic, as convincing individuals to shift to innovative technology is a barrier to sustainability; however, through ongoing experience, knowledge and information exchange can increase acceptance and trust [27]. Second, the empowerment process enhances the capacity of the community and facilitates the internal building of transformational capacity in accordance with a sense of ownership [17]. Thus, these benefits may be more significant than the results of the actual implementation of the projects.



Second, coevolutionary theory emphasizes the importance of non-economic factors (e.g., institutions and social norms) as a means of balancing energy technology with economic development [28,29]. Cherp and his colleagues best interpreted and applied Elinor Ostrom’s approach [30] to national energy transitions [31], which conceptualizes coevolution as three types of systems: energy flows and markets, energy technologies, and energy-related policies [6]. We adopted three perspectives, political governance, social–technology, and technology–economy, and identified their related priorities, variables, and implementation key factors.



2.1. Political Governance Facilitators


The political governance-related facilitators are undertaken within the context of a network that is strongly linked by financial, knowledge, and governance frameworks. The linked public sectors vertically assume the policymaking, promoting, and budgeting responsibilities that are central to a sustained green niche of carbon reduction competitiveness and the promotion of collective action worldwide from communities and regions. For example, in many cases in the United Kingdom [31,32] and China [3,33], central government financial support for profit-based RE schemes is an essential framework for facilitating development. In addition to government initiatives, matching local economic conditions can be effective for organizing EE and technology deployment [34]. However, local governments or local authorities mostly play a role in responding to local conditions and, more significantly, encouraging and bridging government Initiatives into local actions [35,36]. Therefore, the role of local government in this initiative is to facilitate effective community engagement through the deliberative communication of legislative instruments and policy statements [37,38]. For example, in the United Kingdom, local authorities play a strategic role in influencing policy making and flexible engagement initiatives among diverse government sectors [35,39]. The three key drivers related to political governance thus, in agreement with [40], include well-structured planning processes, intensive collaboration with formal networks seeking knowledge and information exchange, and diverse financial resources.




2.2. Sociotechnical Facilitators


The sociotechnical facilitators allow private sectors such as NGOs, academic institutions, and professionals (planners) as well as public sectors to exchange knowledge, information and technical, financial and professionals’ services. These groups of facilitators assist the community in sustaining a sense of local identity and green energy ownership. As the researcher stated, this is a long-term framing process and strongly relies on the building of social capital, social learning, and social norms [37]. Thus, these facilitators play an important role in communicating, coordinating, and transforming the process of community empowerment [17]. They create a logical facilitation of decision making through a systematic process that results in the best actions by coordinating information and activities with different sectors. For sustainable rural development, such as in Hungary and China, these actors facilitated the initiation of an international or national funded proposal, building partnerships among local institutions, community, and residents, enhancing local knowledge and capabilities, and forming actionable strategies [33,41].




2.3. Techno-Economic Facilitators


Recent studies in community energy planning have focused on the integration of flexible and diverse technologies involving three components: EE, RE, and energy storage. Although technologies such as wind and solar are maturing, there are still geographic, climate, and physical restrictions. However, current practices also face the problem of spare capacity to supplement storage technologies such as batteries or hydropower [42]. On the other hand, the driving forces for technical-economic actors are still more market considerations of renewable energies, as described by Balachandra et al., which include the structure of domestic production, advantages in market competition, opportunities for trade, and improved standards of living [43], as well as finical feasibility. One of the many lessons learned from the past decade in German communities is that bringing financial tools, such as Feed-in Tariffs (FIT), into policies is a major incentive factor for the successful development of green energy. Such tools provide investors and users a guaranteed price for power generated from a RE source and can reduce the public opposition against environmental impacts [44] and can even more bring positive public acceptance and participant projects [16,45] if a planning process is openly discussed through community involvement and acted upon with multiple actors.



Furthermore, to incentivize community engagement in multi-energy systems, in addition to the green energy price market mentioned above, infrastructure development, such as grid stability support, energy service, and product differentiation, is also critical [42]. Thus, policymakers are required to monitor the progress of the rapid diffusion of innovations and stimulate the development of complementary innovations such as infrastructure to prevent the emergence of critical bottlenecks. Moreover, it is also important to facilitate a feasibility study of detailed techno-economic and environmental comparisons of different options [46].



Participatory processes have been identified by empirical studies as more effective planning methods, providing citizens and stakeholders with information and empowerment tools, as in the case of local energy transformation in Germany [40] and Sweden [47]. As Gustafsson et al. noted, participation is a way to improve learning and can create trust relationships, insights, coordinated action, and social change through the collective engagement of communities and external stakeholders [47]. All participants are to be considered as having equal legislative rights to express their opinions. Thorough knowledge exchange and quality communication are considered valuable tools for meeting public perceptions and active public participation. A summary of the literature here illustrated the importance of communication and learning among internal and external participants involved in community energy projects, and the opportunities to drive innovative socio-technical–economic transformations.




2.4. Planning Process Assumptions


Recently, there has been a growing research interest in this practical approach to energy community planning, such as from an urban planning perspective [48], urban hybrid RE planning [49], and simulation smart energy planning [50,51]. So far, however, scholars have mostly focused on more single-solution-oriented research. Amado [52] from a techno-economic facilitation perspective suggested that the integration of urban planning is an opportunity to reduce energy consumption and to support the integration of solar systems and smart grid technologies in an urban context. Akrofi et al. [48] reviewed 15 current articles on solar urban planning and found that the interrelationship between solar energy and urban planning remains largely unintegrated. A common feature of the above studies related to planning projects is that they all lack a holistic planning framework and focus more on the operative process of energy planning. To meet the net-zero carbon emission transition of the empowered communities, the three main facilitators mentioned above covering the socio-technical and economic conditions are fundamental in the planning development process. In the following, we illustrate how we apply literature-based drivers in our model for planning hypothesis.



2.4.1. Environmental and Socioeconomic Context-Based


Planning for community level energy transitions is site-specific, and the three facilitators mentioned above play a location-independent role in their emergence, such as appropriate policy plans and support for participatory learning processes. One review study [53] noted that geographic context and cognitive cultural factors are also critical in influencing community participation and empowerment, although these were rarely mentioned in past case studies. A site-specific alternative reflects the resources and strategies that are most suitable for the application. Furthermore, the different site-specific concerns for RE are all strongly connected to the geographical location, which can impact economy-of-scale benefits and are also influenced by population factors, such as density and distribution. When community-owned projects are based on a particular sense of place and the specific site is designed with maximized benefits from the local climatic conditions and landscape structures, while blending into them, the projects have been shown to make unique contributions to socioeconomic improvement [54]. A different range of impacts on communities, habitats, and landscapes are an inevitable result of infrastructure installation for energy supply. Therefore, a vital principle of planning involves the examination of the macro climate and landscape conditions for effective local energy use and supply [55,56].




2.4.2. Integrating 3E Assessments into Planning Processes


3E developments are often intertwined in the community-level planning process and influence decision-making. These interrelated problems and benefits of 3E changes pose immense challenges for the future identification and quantification of community resource potential and gaining access to a wide range of knowledge at a practical community level [50,57]. Moreover, research has shown that traditional planning, with its technology-focused short-term problem-solving approach, often fails to consider or predict the impact of actor or user behavior [58]. Therefore, it is recommended to integrate various analytical tools early in the decision-making process [15,50,59] to aide in the planning of action schemes.



A Carbon Footprint Inventory (CFI) or Greenhouse Gas Inventory is measured in terms of carbon dioxide equivalents associated with the production and consumption of goods, services, and personal activities within a certain boundary [60,61] and varies depending on the available data and the scope of the consideration [62]. It is considered an important assessment tool to quantify and analyze a community’s energy production and consumption and its environmental impact in order to understand local lifestyles and what types of socio-economic activities affect energy use. To achieve efficiency, most authors agree that it is critical to measure initial household energy demand on a macro scale over time and between countries and sectors [63,64]. Therefore, the baseline setting from quantifying CFI is expected to be a useful communication tool for energy performance management for the correct selection of green technologies [65] and the consequent reduction of the release of carbon emissions from RE sources [64]. The community-level CFI includes energy consumption by households and private vehicles, water use, and domestic waste management by community residents. In some cases, it also includes energy consumption by local products and visitors, depending on their industry.



Assessing and locating current potential RE models—solar/wind/hydro/biomass—of local resources within the context of environmental, technological, economic, and practical criteria have been widely developed to apply RE resources in a planning system for a renewable future [35,50,59]. The multicriteria RE assessment proposed by Nigim et al. [24] is a comprehensive measurement tool that supports decision making in consideration of both human/environmental impact and project feasibility. The criteria established for human/environmental impact are ecological impact, social and economic benefits, and education potential. Additional categories of project feasibility criteria include resource availability, technical feasibility, and financial viability [50,66]. The challenges of RESs are to balance the costs and benefits within a practical project and the technological improvement and its influence, which cannot be predicted [50].




2.4.3. Flexible Strategic Energy System Planning


A rich body of research is interested in constructing a decision support framework for assessing the feasibility of existing renewable energy technologies [15,59,67,68]. Most of them [15,69] suggested that energy planning needs to be flexible enough to moderate the optimal integration of niche-technologies, business models, and regulation addition to stakeholder perspectives and judgments about priorities [29,70]. Hybrid energy resource design can take many different approaches and objectives, from obtaining a low environmental impact to assessing the geographic and climatic potential of a community to obtain a 3E optimized installed system that implements sustainable energy in the right location. Energy design methods and tools can therefore support this decision-making process with accurate and timely modeling of energy performance. A review work [71] outlines nearly 200 solar design tools, covering accuracy, complexity, scale, computational speed, and 2D/3D environment performance characteristics. Furthermore, incorporating flexible responses to change and feedback in dynamically adjusted energy planning and investment management has preserved the benefits of improved customer energy use behavior in the empowerment process. Three suggestions for having a holistic view of 3E interactions based on continuous evaluation of information and reflecting flexible decision making are as follows:




	(1)

	
a strategic position for promoting lifestyle changes related to the actual relationship between the community and its environmental and socioeconomic context at a specific point in time;




	(2)

	
Strategic green technology applications, which refer to an intended relationship and consist of a set of integrated energy systems. The integration of EE and RE systems is designed to maximize the benefits of reducing costs, land usage, and environmental impacts; and




	(3)

	
energy performance monitoring, which is applied in the overall steps to evaluate the progress of achievements. The review of the effects and benefits that can be achieved becomes a starting point for the community to take action on sustainable behavior change and energy conservation.










2.4.4. Identifying 3E Performance Indicators


A process of community empowerment to create baseline information on 3E conditions is used to monitor the impact of new and improved energy management. Establishing long-term actionable indicators to verify feedback from the information system is a useful tool for mobilizing community participation [72,73]. The useful indicators are ideally simple, effective, and clearly defined and are also associated with an action plan through a collaborative learning process for a sustainable community [72]. Therefore, the process of establishing indicators to enable the local community to improve its own living standard must be based on a long-term adopted learning process [72,74]. In a theoretical review, Innes and Booher (2000) suggested that establishing indicators through a collaborative decision-making process requires three considerations [75]:




	(1)

	
Participants: key stakeholders, agency players, experts, and local people to select a set of system indicators to avoid information overload;




	(2)

	
Leadership discussion: addressing difficulties and controversial issues to increase opportunities for learning and change; and




	(3)

	
Prioritizing indicators: the potential action for selecting the forthcoming indicators should meet the actual policy proposed.












3. Methods and Materials


Considering the effectiveness and efforts of participatory planning in a LCC, the initial objectives of PAR are expected to be practice-based observations [76,77] because project evaluation and the evaluation of an intervention involving program-relevant actors can have different influences on the outcome, based on context, mechanisms of actions and interactions [78] and practicable exchange tools for knowledge sharing and for transferring knowledge into practice and maximizing community involvement [77,79]. As we emphasized in the introduction, the transition to net zero emissions involves many innovative technological, economic, and social developments, and barriers arise when stakeholders are unfamiliar with these developments.



Thus, the enabling process enhances capacity and, as a result, the actual planning project may be more important than the actual implementation outcome, PAR is envisioned as an effective method for understanding the planning process by shifting the power dynamics between researchers and community participants, leading to a perspective in which residents recognize the benefits of innovative technologies and influence decision-making. Grounded in a project-based and community-engaged learning approach and democratizing innovation in the planning process [80,81], reflection on change and participation-based hybrid approaches were used to explain how stakeholders collectively represented the scope and boundaries of the project. A case study in Germany also took this approach to diagnose how different actors succeeded in transforming previously poor agriculture to locally owned RE industries through collective action [82]. On the other hand, the collective action analysis approach of participatory planning allows researchers to adapt assumptions and methods in such a way that more details of the local situation can be discovered through the community RE projects [83].



In addition, in studies of participatory approaches to developing recommendations for sustainable energy development in a carbon-intensive jurisdiction, the analysis of the direct output and input of all relevant stakeholders was designed to explore the changes in institutional arrangements, financial incentives, and technological options [76]. As an illustration of the possible roles and principles adopted by public and private sectors in an LCC project, PAR is not valuable from a participation viewpoint but rather because it influences the processes through which the new planning method is established. PAR was combined with the collective action model of participatory planning to empower community self-sustaining energy management in the Pinglin communities, the first Taiwanese LCC project.



A PAR process was initiated as an attempt to understand how RE development and EE deployment can be achieved or obstructed on a community scale in Taiwan, as well as to assist the establishment of networks across the community and diverse sectors with common visions for knowledge production and collective actions. The approach of PAR used in this case study was based on practice-based observations and interactions [77] and practical exchange tools for knowledge sharing and transferring knowledge into practice to maximize community involvement [22], trust building, local value identifying, and a list of key stakeholders compiling [77]. The researchers who were engaged as the Pinglin LCC project director. With this role could be directed and obtained various qualitative and quantitative data by project participation and interaction components. The data were obtained by 3 different phases: first, participatory planning project including intensive meetings, workshops, and site surveys from 2009 to 2010. The project was packaged across three major steps in a binding contract. The first step was a model community selection from Pinglin’s 78 communities. The second step was integrated assessment and planning. The third step was the presentation of a detailed design and budget. The second phase—implementation and construction during 2011–2012, and the third phase—community management and maintenance (starting once the construction was completed)—were conducted through site surveys and analysis, government reports from NTC and EPD, and interviews with officials.



The five methods were used to conduct the investigation in a deliberate process with different sectors.




	(1)

	
Coordination of meeting minutes from the Pinglin district office and community member meetings (4 times), community representative meetings (2 times), meetings with government staff (monthly), report reviewing committee and local authority meetings (3 times) were collected and analyzed for elements of community participation.




	(2)

	
Participant observations were observed at coordination meetings, public presentations, and workshops presented by members of the Pinglin LCC project to identify the key elements of community participation in research.




	(3)

	
In-depth individual interviews were conducted with key informants in different process steps during the planning work, including the head representatives of seven villages, community actors, university scholars, and municipal and central government officials involved in the LCC project. The purpose of the individual interviews was to gain a deeper understanding of the experience of participating in a research project in which community involvement was both valued and a necessary requirement.




	(4)

	
A semi-structured guide was developed based on the following factors: CFI, perception of RE technology, acceptance of developing Pinglin LCC, and resident and landowner stakeholders. The assessment and planning of the PV, wind turbine, and hydro-energy system were provided by 3 RE technology companies.




	(5)

	
Focus group workshops were conducted with key working groups, which have been shown to be effective for the dynamic exploration of differing experiences and perceptions and were therefore a valuable inclusion in this research project. In this manner, differences in some perceptions and consensuses on others were investigated.










4. Case Study


4.1. LCC Development in Taiwan


4.1.1. Policy and Initiatives


Taiwan’s ambitions with respect to energy policy were encapsulated in the 2008 Sustainable Energy Policy Principles, which committed Taiwan to a 50% reduction in carbon emissions by the year 2025 through technological advances and supporting measures [84]. To reach this target, a two-year initiative for promoting LCC was initiated in 2011 by the Eco Community Implementation Office, which was established by the Environmental Protection Administration (EPA) in 2009 and closed in 2020. The initiative’s goals included establishing two demonstration LCCs in each of 25 cities within two years and six low-carbon cities within five years. As of 2016, 114 demonstration LCCs have been selected, emphasizing that practicing energy conservation and carbon reduction were grassroots efforts and that reducing energy and resource consumption were primary goals.



The 52 low-carbon demonstration communities were selected by two key characteristics: recommended by the city government with community mobilization and voluntary participation and evaluated by experts for potential carbon reduction opportunities. In 2014–2016, a similar promotion initiative called “Low-carbon and Sustainable Communities” was announced. The purposes were to analyze the carbon reduction performance of the 52 existing LCC pilot projects, to establish a certification system for pilot projects, and to expand 42 LCC demonstration communities. The last initiative related to Taiwanese LCC was initiated in 2016 with six main goals. They are reviewing the carbon reduction measure planning of the 91 existing LCCs, constructing 22 new low-carbon and sustainable demonstration communities, guiding at least 10 low-carbon and sustainable demonstration communities in achieving the silver level of certification, selecting one low-carbon and sustainable demonstration community for upgrading to include an environmental education promotion function, instilling businesses and property management services to jointly participate in community building, and guiding at least five low-carbon and sustainable communities to work with adjacent communities in extending implementations.




4.1.2. City Government Response and Actions


Prior to the central government plan, in 2007, as part of the mayor’s vision, the powerful NTC government announced the ambition to build the first low-carbon city in Taiwan. The intention was to enhance the social welfare of citizens and, as announced by the government in its budget, to reduce carbon emissions by 20% over a 20-year period [39]. NTC was also the first municipality to establish an official carbon-reducing organization, the Low-Carbon Community Development Centre (LCCDC), which is regulated by the Department of Environmental Protection (DEP). Since 2008, the LCCDC has initiated the first low-carbon tour event in Pinglin, called “The Pinglin Low-Carbon Eco Tour”, in cooperation with the local Pinglin District Office (PDO). The tour program was initiated and promoted by the local government, and the private sector has thus far been responsible for implementing the events. The major aim of this program was to reduce carbon dioxide emissions through a traffic control system, including controls on car access and the provision of free public transportation. Free transportation and a tour guide service are used to attract tourists.





4.2. Pinglin LCC Project Advocacy Stage


Aiming to develop Taiwan’s first LCC in Pinglin, the NTC municipality, with the assistance of a research team of one of the authors, applied to the central government in 2009 for regular annual program funding called the “Experimental Eco-Community Grant initiative”. The initiative, which has been in place since 2004, was designed to encourage broad community participation in the local planning process, allowing experts to apply creative ideas and utilize local resources to build a vibrant community and develop appropriate industries while maintaining local character. Additionally, the local government has proposed the following three goals for this project.




	(1)

	
Address local problems associated with potential soil erosion and water pollution in tea plantation areas, high energy costs associated with tea making, and poor living standards in community buildings;




	(2)

	
contribute to wider local and national government policies for achieving 50 LCCs by 2012; and




	(3)

	
act as an example for other rural, remote, and protected areas willing to establish self-supporting and sustainable RE systems.









Pinglin is a predominantly forested district with an area of 170.83 km2 that incorporates seven villages within the Taipei water protection area in northern Taiwan. Within the Taipei Water Special Area (TWSA), Pinglin, along with three other districts, has, since 1987, experienced conflict between economic growth and interest groups oriented toward environmental conservation. The TWSA was tasked with protecting the Feitsui Reservoir from siltation and pollution and guaranteeing a stable drinking water supply for the five million residents in Taipei City and a portion of the NTC. Since the establishment of the TWSA, it has been extremely difficult to cultivate agricultural land in Pinglin and construct more buildings. Strict land use controls have caused difficulty for local residents in the restoration of land use development rights. To improve this situation, the local government has actively promoted the local infrastructure for tourism development, including tea-culture tourism, as part of the cultural identity, and, since 1996, eco-tourism, by planning hiking and biking trails. To understand Pinglin’s socioeconomic context, Figure 1 presents the history of economic development and community mobilization in the region on issues related to the environment.



Thus, the initiative of achieving Pinglin LCCs has been viewed recently by governments as an effort to reduce local conflicts, seen, for example, in a 50% decline in tourism since 2006 following the opening of the Taipei-Ilan Expressway No. 5. This nonstop transportation system has recently brought competitive advantages and enhanced the attractiveness of the neighboring city of Ilan but has negatively impacted tourism development in Pinglin. Pinglin used to be a very important midsize town with a well-developed tourism industry, serving as a gateway for passengers of the maintain-highway between Taipei and northeastern Taiwan. However, after the opening of Expressway 5, the number of car-driving tourists declined dramatically, and fewer tourists stopped shopping for local products. In view of this local economic impact, the PDO and municipal NTC government invited environmental scholars to analyze the possibilities for tourism transformation and development options.




4.3. Planning and Design Stage


The Pinglin planning and design of LCC project was more complicit than traditionally practiced, due to more consideration of the economic aspects of energy technologies. As mentioned in the literature, the acceptance of this innovative technology by stakeholders and residents, as well as the limitations and risks associated with its application, made it more complex than traditional planning, and required more communication and integration efforts. The actual tasks framework of the Pinglin LCC project is shown in Figure 2 and is grouped into three main categories: energy planning considering economic technology, traditional planning considering social technology, and empowering participation considering political governance. The list of data requirements for each phase of task framework is shown in Table 1. For more details on the process and results, refer to the Supplementary Material.



Figure 3 shows an ideal planning concept for net-zero carbon emissions in the Pinglin LCC, seeking a balanced relationship between household and industrial energy demand and the supply of renewable energy within the boundary, without relying on external fossil energy sources and without polluting emissions.




4.4. Implementation Stage


After the completion of the planning and design project, the author was not further involved in the implementation of the construction phase. After the planning and design project was completed, the author was not further involved in the implementation of the construction phase. But the result of the project was evaluated as the first model community by the Central LCC Project and was granted a construction grant. The construction was completed in 2014 with NT$193,200 raised by the city. However, many of the contents of the plan and design were removed due to funding and construction period considerations, and were also modified in order to respond to the six low-carbon assessment directions set by the central government. The final construction contents are listed in Table 2 according to the EPA’s six major carbon reduction initiatives.



Management stage: In 2016, this community was also awarded the certification from “Low-carbon and Sustainable Homeland Promotion initiative”. This central initiative established an Evaluation and Certification System. The implementation agencies are short-term (most two years) contractors that support the EPA in implementing the certification system. The certification for low carbon and sustainability measures are divided into five main areas: “Eco-Greening”—by increasing green cover and protecting habitats; “RE and EE”—by establishing RE sources and using energy efficient facilities; “Green Transportation”—by promoting the use of public transportation or bicycles; “Low Carbon Living”—by using low carbon products; and “Resource Recovery”—by recycling and reusing waste and water resources.



However, in the recent development status, during 2015–2016, the EPD’s external implementation agency has tried to assist the model community in Pinglin to participate in the upgrade of low-carbon home certification, but the results of the visit were not optimistic, as stated below:




“…The current community leader has focused on the economic development of the community and has devoted less attention to low-carbon homes, and due to the limited number of volunteers, it is not easy to promote the community…”







5. Results and Discussion


The findings below illustrate the ramifications and challenges associated with the use of collaborative strategies based on the Pinglin LCC experience. In contrast to traditional planning methods, collective action was expected to increase multi-actor involvement in community empowerment in countries working toward building and piloting community-based energy. Most of the impact factors/principles are strongly interconnected. The effects cannot be explained by a single phenomenon, but a fundamental understanding will enable comprehensive achievement.



5.1. What Drives Community Empowerment, and How Can it Be Influenced?


	(1)

	
Managing local social capital by increasing accumulated social capital for empowerment







In examining how participatory planning works in practice, the Pinglin LCC demonstrates how the engagement of external actors who are intensively involved in a project deeply influences the attitudes of residents. Both positive and negative attitudes were simultaneously held by residents of the Pinglin community and were expressed via active and passive support or opposition. The degree of perceived personal benefit and concerns about risking existing community profits strongly influenced residents’ attitudes toward the LCC during the preliminary implementation stage. The interest of residents changed from passive participation, possibly because at first, most residents had a wait-and-see attitude with respect to government actions and expected information on the specific economic incentives. The residents were more interested in what direct benefits could be gained through this project than in participating in the decision-making process for improving the public area. Second, given that family tea making is a time- and energy-intensive industry and a major source of livelihood for local households, residents’ willingness to participate in public participation may be reduced based on this consideration. In support of this conclusion, government-organized workshops have historically featured low attendance by Pinglin residents. Evidence was also provided by the report of the community leader who reported that the community refused to undertake the LCC certificate upgrade program planned by the central government. This was because the busy tea-making business also lacked community volunteers. As researchers mentioned, the valuing of identity and recognition by leaders can promote local democracy among residents through local collective action [83,85].
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Building trust and capacity through partnership to ownership







First, it is not futile to explain the inherent benefits of RE when public involvement in achieving LCC development cannot be enhanced because identifying niche benefits takes time and trust as many researchers have mentioned [86,87]. The time when LCC development was at the initial stage in 2010, favorable RE technology impacts at the community level in Taiwan were not readily evident. As many resource and energy management approaches imply, the long-term net-zero carbon emission transition is not promising without the understanding and engagement of end-users or residents to take action [88,89,90,91]. Introducing community empowerment in the planning process can been as an important approach for building long-term actions through public and private partnerships [45], in this case community leaders also have the opportunity to participate. Then, trust can be built during the planning process to gradually form a partnership [86,92]. However, trust was not the main driving force in creating a collective action in Pinglin. The model of economic development in the tourism and tea industry communities may provide an example of interest incentives and how feedback from personal interests affects the development of public construction. Here, residents have become accustomed to giving greater priority to the cost-effectiveness of individual economic benefits. In fact, the external and internal relationships in which the value chain operates can positively or negatively affect the community’s ability and motivation to acquire knowledge and translate that knowledge into actionable decisions. It is expected that the community, because of its greater awareness of the ownership of the energy system, will participate in its management, thus improving energy sustainability.



Second, a well-organized coordinating group within the Pinglin community can more easily obtain institutional support from external actors to facilitate the direction of the project and encourage local resident participation [74]. Similarly, in a rural village of Cumbria, local organization was shown to be a key success factor for aiding effective community involvement, building trust and empowering local knowledge and support for REC projects [93]. However, the establishment of local organizations requires active involvement with other actors and the generation of direct profits for local residents [94]. Otherwise, as occurred in Pinglin during the project period, the planner team can encourage the head of the village and residents to establish a local organization that can make community development more systematic and organized and act as an official channel to receive continued funding for supporting community development. However, this local organization has not yet been incorporated into the action. Therefore, the evidence mentioned above demonstrates that Pinglin residents were often reluctant to assume responsibility and looked to external support for leadership. Self-motivation is critical for sustained change, but it requires the empowering process: awareness, education, and incentives from external actors for support at the initial phase.



	(3)

	
Comprehensive and long-term resource integration and initial funding is necessary to kickstart community empowerment







Collective power and the establishment of public–private partnerships have replaced traditional, inflexible contract-based relationships; this is the first step toward a collective movement for sustainable energy. As the Pinglin project entered its final stages, although it received attention from various fields as well as government funding, the project outcomes were merely the installation of a simple solar roof and an energy-efficient toilet facility. Then, we could conclude that the reasons why some of the results of the planning and design project were not used in the construction phase are due to the following limitations of different actors.




	
Planners and designs: they lacked basic long-term participation in assisting locals and government in project implementation, owing to contract, time, funding, and resource constraints.



	
Organizers: they were unfamiliar with the operations of green energy technology and was averse to responsibility and risks, which caused a shutdown.



	
Government decision makers: government was periodically restructured, leaders were changed, the principal focus shifted, and political incentives were lacking.



	
Community residents: they lacked confidence and capability; although they felt helpless toward the current situation, they were also afraid of the risk of loss vested in the benefits promised by changes.









5.2. What Drives the Feasibility of RE Development and EE Deployment in Pinglin


	(1)

	
Energy price, maturity of community-scale RE technologies and financial systems







The maturity of RE technology development and the high cost of the current budget in Taiwan affect the tariff imbalance. The energy-related financial policy has been affected by the current price of energy. The cost of generating electricity with RE technologies is higher than that associated with nonrenewable energies in many Asian countries [95], including Taiwan. Since 2003, the Taiwan Power Company has issued interim measures for purchasing electricity from RE sources. Even the FIT established in March 2011 is designed to encourage the generation of RE in Taiwan, which has decreased from NT$ 2–2.6/kWh to 2.28/kWh in wind power. However, the diffusion of RE technologies has stagnated due to insufficient economic impetus at the current time for individual to take action [51], because of unattractive cost‒benefit ratios and uncertainty around the capacity of installed RE techologies [96]. For this reason, in Taiwan, the development of RE is still limited to cases in which there is strong backing and supportive funds from the government, particularly at the initial level. Therefore, achieving coordination among the government sectors and between the public and private sectors requires the development of new mechanisms and processes for incorporating the diverse elements of the RE community system. Furthermore, the cross-sector linkage system (development investors, developers, manufacturers, generators, suppliers, banks and insurers) is expected to share the financial barrier to RE development with the government. Therefore, the government must play a leading role in fostering the broad application and acceptance of local RE technologies by reducing the risks associated with investments in RETs and addressing concerns about low-cost efficiency. Similar to the Italian and Brazilian cases, the challenges of adopting and developing their own RE resources and connecting to the grid by exploring voluntary behavior change in communities are demonstrated [21]. It is due to the fact that among the tech-economic factors involved in place-based community RE projects are many innovative and uncertain conditions that are beyond the knowledge and capacity of community residents.



	(2)

	
The transformative capacity of new green technologies as a project initiator







A significant barrier to an appropriate response from the contracting agency, which is driven by bureaucratic imperatives and parochialism, is that the relevant education and implementation of RETs is important but already beyond the scope of their responsibilities. The lack of coordination and cohesion within fragmented government sectors is a well-known problem in planning approaches, particularly at the practical community level. The three major sectors of NTC involved in the Pinglin LCC project were the commissioned contractor (URDD), parallel sector (LCCDC), and Pinglin administrative office (PDO). URDD was more mission oriented than the other sectors. Decision making was deeply influenced by their relevant legislative mandates with respect to the planning system and constrained budgets. We found that these constraints limited feasibility and influenced decision making. One way of translating the results of technical assessments and planning into a social reality can be, as Seyfang notes, in the form of networks based on top-down initiatives that can influence policy and bridge institutionalized learning through consultation [97]. However, the direction and outcomes of the Pinglin LCC were still impacted by the parochialism of URDD officers, who preferred that the strategies proposed for Pinglin LCC align with the existing operation framework and avoided tasks outside of their daily responsibilities, as well as the populism of government leaders in political considerations. The Pinglin LCC was the first application of RE technologies at the community level, and government contractors were unfamiliar with the implementation of new technology and engineering practices; in particular, the subsequent procurements for supporting convergence were still unable to meet the current task procedure framework. In light of this outcome, the two major related departments had different reactions in the follow-up to promote RE technologies. The LCCDC had a strong interest in the promotion of RE, while the URDD adopted a more conservative attitude.



	(3)

	
Land use and planning permission







The issue of strict land use controls by the TWSA strongly influenced the installation of public infrastructure RE technologies in Pinglin. However, a type of public building—the LCC education center—was designed to present two major functions. They are a showcase of integrated RE systems for building a zero-carbon-emission community for public education and promotion and a consultant service station for improving the EE of private buildings. However, according to the existing regulation of planning permission in the TWPA, the change in the land use category for building public facilities that is required to permit construction may take up to two years. Furthermore, the use of private property and the sharing of its interest between the public and private sectors are still not clearly defined in government-funded projects. The benefits received from REs and local EE actions require a new local institution to allow this technology to develop along with the community.



Therefore, the feasibility of RE development and EE deployment in Pinglin not only met financial barriers but also required the public and private sectors to build the transformative capacity of new green technologies. All these changes require a stronger and more supportive policy framework. A dual system encompassing a strong centralized regulatory framework combined with a focus on “top-down support for bottom-up initiatives” is suggested [98]. Thus, a supportive policy and financial framework within a well-structured niche market, trust and knowledge building, transparent communication, and value chain network will maintain a healthy public and private partnership.




5.3. What Drives Effective Work on Integrated 3E Assessment into Planning an LCC?


	(1)

	
Transparent information and flexible approaches in micro data







The adequacy of the community survey and 3E management depends on the collection of micro climatic and energy data. In Taiwan, however, the data at the community level were not sufficient or were scattered in various sectors, resulting in difficulties in data integration. For example, small-scale wind power generation technology is heavily dependent on accurate macro wind velocity information. However, in Taiwan, current data densities from weather stations are not sufficient to support community-scale wind power generation, and the use of large-scale measurements often leads to miscalculations. To resolve this issue, we proposed a flexible (step-by-step) assessment and planning process: first, data should be collected and made available as part of a hybrid approach involving the combination and comparison of data from regional statistics and local interviews. Next, LCC indicators are used as a tool for establishing a transparent process for building a monitoring system and evaluating the project from the beginning. Thus, these flexible approaches to micro data collection can gradually remedy the existing insufficiency of data and can offer more transparency and validity in the long run.



	(2)

	
Availability of appropriate technical and financial support







Although the government initiatives of LCCs development in Taiwan were ended in 2018, at that time, 144 LCCs had been selected and slightly reduced carbon emission by low carbon living or planting. Thus, the benefits to the RE companies involved in Plinglin’s project included not only an opportunity to build a confident showcase through experimental experience with the first Taiwanese LCC, but also an opportunity to examine the maturity and capacity of assessing and planning community-scale RE systems. The process of debating the design of RE therefore shapes the thinking of decision makers concerning policies [99]. In line with this perspective, we agree with the researchers who stated that the implementation of REs by a public sector or private‒public arena typically involves organizational and political attention to be given to the issues that they represent to make institutional change more accessible by overcoming the barriers presented by traditional patterns [33,100].




5.4. Planning Principles and Implementation Content Suggestions


Finally, to mitigate the expectation gap between public and private sector actors in actively empowering end-users to participate in energy transition projects, we emphasize that planning and design principles need to start from a vision of building incentives and commitment from collective actors and next consider the value of inclusive local environmental and cultural characteristics. Finally, we adjusted our model of planning principles that draws lessons from our study case, as shown in Figure 4, and each detailed implementation is suggested in Table 3.





6. Conclusions


One of the barriers to the rapid growth of numbers in accelerating the transition to net-zero emissions is the lack of sufficient end-user (i.e., household) input for early planning participation. Therefore, this work aims to improve traditional planning approaches that do not reflect innovative technologies with uncertainty and may not be applicable due to the lack of community empowerment, which is a dynamic learning and intervention opportunity for end-users at different planning stages. Our participatory study examining the outcomes of planning and design to construction of Taiwan’s first low carbon community found that the innovative transformation of national initiatives and policy choices in terms of technology, economics, and society continues to perpetuate the traditional community planning paradigm of the past and has created a gap in the implementation expectations of policy decision makers, community residents, and planners. The main reason for this gap was that empowering communities to integrate energy planning requires a systematic, phased, and long-term engagement. However, the current government procurement and contracting model in Taiwan still continued the traditional restrictive model of planning, and this kind of political consideration for short-term and immediate project demonstration results eventually led to only superficial acceleration, which is not beneficial to the overall net-zero carbon transformation.



Finally, to mitigate the expectation gap between public and private sector actors in actively empowering end-users to participate in energy transition projects, we emphasized that planning and design principles need to start from a vision of building incentives and commitment from collective actors. Second, consider the value of inclusive local environmental and cultural characteristics. Future studies are suggested to identify the structural barriers within different sectors and different communities to establishing value chain management of community empowerment.



In conclusion, this study provides evidence to support the benefits of incorporating community empowerment into the planning process. It provides insights for future research in this field aimed at better understand the barriers and opportunities for implementing innovative technologies, and at informing the future practices of planning and design net-zero carbon emissions at the local level.
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Figure 1. Timeline of Pinglin’s socioeconomic context. 
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Figure 2. The task framework of Pinglin LCC Planning and Design Project. 
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Figure 3. A systematic conception of the relationship between carbon footprint inventories and renewable energy assessments within a system boundary of the Pinglin LCC. 
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Figure 4. A holistic model of planning principles for local net-zero transformation. 
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Table 1. LCC’s data use inventory for each phase of energy planning, spatial planning and community engagement.
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	Planning Tasks
	Spatial Planning Data
	Energy Planning Data
	Community Engagement





	Local social, economic, environmental issues and values identification (see Figure 1)
	
	-

	
Population and number of households




	-

	
Land area and land use and coverage




	-

	
Topography and climate




	-

	
Public transportation system




	-

	
Economic: income sources, local business






	
	-

	
Building types and materials




	-

	
Industries and major products




	-

	
Living style patterns






	
	-

	
Interview with local leaders, agencies and government




	-

	
Organizing regular local forums




	-

	
Collection of local voices on current environmental issues and local values)









	Carbon footprint inventory

(See Figure 3)
	
	-

	
Energy demand and supply




	-

	
Water resources




	-

	
Public and private transportations




	-

	
Industrial Structure






	
	-

	
Number of people in the household




	-

	
Household type: Home-based tea making, home-based restaurant, B&B operation, campground




	-

	
Number of cars and usage, public transportation system




	-

	
Electricity usage: Electricity and barrel gas




	-

	
Water consumption: Groundwater cannot be estimated




	-

	
Cooking and cooling facilities






	
	-

	
Households and business visits and survey




	-

	
Power and gas company data collection




	-

	
Consumption patterns of food and living on households *




	-

	
Local business **: number of visitors, peak period, energy, water and gas demand and supply









	Pilot community selection
	Criterion 1. The best accessible and visible for public

Criterion 2. Effective combination of local attractions for tourism concerns
	Criterion 3. Energy efficiency living style

Criterion 4. Potential feasibility of mixed renewable energy resources
	Criterion 5. Residents mobilities

Criterion 6. Cooperation and action willingness

(Political relationship and preferences)



	Renewable energy resource feasibility assessment
	Criterion 1. Area of public Land Properties

Criterion 2. Traffic and construction site accessibility
	Criterion 3. Local geographic microclimatic environment, i.e., wind direction and speed

Criterion 4. Amount of organic waste

Criterion 5. Roof type/slop and shaded area of the buildings and maximum area of unused open space
	Criterion 7. Residents’ willingness to take action to conserve energy use

Criterion 8. Residents’ willingness to install energy saving and RE equipment ****



	Community spatial planning
	
	-

	
Public and private land ownership and zoning map




	-

	
Analysis of land use and building use




	-

	
Analysis of the improvement of the existing spatial landscape environment






	
	-

	
Analysis of building styles and floor heights




	-

	
Transportation routes and spatial distribution of settlements






	
	-

	
Community wastewater connection plan




	-

	
Tea farm irrigation system configuration ***









	Energy scenarios planning *****
	Scenario 1. The multi-functional land use model.



	-

	
Multi-functional land use planning




	-

	
Visual impact assessment




	-

	
Environmental impact assessment






	
	-

	
Scenario 2. 100% community RE mixed with small wind, solar and hydro system, i.e., combining GIS data and solar analysis software tools to evaluate solar radiation incident on open space or roof and facade areas over a one-year period






	
	-

	
Building partnership with different energy companies




	-

	
Seeking for land or roof usage agreement form owners









	Detailed Design
	Priority design projects for implemented immediately and have visible results
	
	-

	
Priority design for lowest cost maximum benefit projects






	
	-

	
Communication with residents around the construction area




	-

	
Coordination with governmental authorities related to the construction of the project









	Benefits and cost analysis
	Overall community development benefits, such as improving the environment and increasing tourism development opportunities
	
	-

	
Carbon emission reduction scenarios analysis




	-

	
cost and risk assessment analysis






	
	-

	
Community common, individual, stakeholder cost-benefit analysis













* Comparison of the other regions and living patterns were required. ** Family tea manufactory required high energy demands. *** Local Industries, ecological and living environment, such as forest and river surroundings, tea plantations and small family vegetable farms. **** The wait-and-see attitude was dependent on government financing. ***** Small scale wind and hydro energy technologies were still rare in Taiwan.
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Table 2. List of contents of the final construction.
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	Low Carbon Directions
	Implementation Contents





	Eco-planting
	Planting native plants

Rooftop greening

Subsistence farming

Impervious pavement improvement



	Low carbon building energy saving
	Energy saving street light replacement

Reuse of unused space in historic buildings



	Renewable Energy
	Installation of solar panels on the temple’s square roof

Installation of solar water heaters in the homes of community households



	Low Carbon Transportation
	Bicycle charging station and small photovoltaic system time display

Connection of electric shuttle bus



	Resource Recycling
	Installation of rainwater recycling

Water saving improvement of household toilets and faucets



	Low carbon living
	Counseling B&B operators to conserve resources
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Table 3. List of implementation contents for each planning principles.
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	Principle
	Implementation Content





	Phase 1. Collective action commitments: Clarify stakeholders who have authority and existing organizational structure as well as resources under their management
	
	(a)

	
Community culture and organizational analysis




	(b)

	
Network of main stakeholders




	(c)

	
Development context of related environmental and public affairs.




	(d)

	
Analysis of local values, abilities, and knowledge conditions.




	(e)

	
Formulation of a thematic framework and time and place for regular community discussions









	Phase 2. Values and resources identification: Define community scope and environment, and analyze the situation of cultural, social, and economic development.
	
	(a)

	
Analysis of geographical environment




	(b)

	
Land area, population, administrative divisions, topography, and environmentally sensitive conservation areas.




	(c)

	
Climate and microclimate conditions.




	(d)

	
Land utilization and land ownership.




	(e)

	
Analysis of population structure and socioeconomic conditions




	(f)

	
Household population composition.




	(g)

	
Economic activities of key industries.




	(h)

	
Consumer behavior regarding food, clothing, housing, transportation, education, and entertainment.




	(i)

	
Analysis of tools and systems of transport




	(j)

	
Type, volume, and frequency of use of transportation means by households.




	(k)

	
Analysis of transport systems that connect other regions and the convenience of public transport.




	(l)

	
Analysis of the environmental friendliness of bicycles and people









	Phase 3. Carbon footprint inventory: The inventory of the energy consumption behavior model and volume of households and industries in the community serves as the baseline comparison value of the subsequent development of an LCC.
	
	(a)

	
Set up a system boundary and community carbon footprint baseline (the scope and category definitions are estimated)




	(b)

	
Take inventory of household carbon footprint



	
Interview survey of household population and lifestyle behavior.



	
Average annual energy requirements and carbon emissions from food, clothing, housing, transport, education, and entertainment.







	(c)

	
Take inventory of industrial carbon footprint



	
Type and number of industrial sectors.



	
Calculation of the product lifecycle of each type of industry and carbon emissions.







	(d)

	
Others:



	
For example, carbon emission of tourists from consumer behavior in the community.












	Phase 4. Optimized integration of 3E action plans: Analysis of the application feasibility, suitability, and efficacy of green technologies.
	
	(a)

	
Current government policy and related supplementary operating procedure.



	
Application conditions for green electricity and coefficient of purchasing price.







	(b)

	
Specifications of current technology and various green electricity technologies.




	(c)

	
Feasibility assessment of renewable energy related technology products; survey and status of professional technology teams




	(d)

	
Scale planning and layout of green electricity facilities




	(e)

	
Level of acceptance of residents and land acquisition




	(f)

	
Cost–benefit evaluation and analysis of socioeconomic benefits and education potential









	Phase 5. Flexible strategic energy system plans: Propose flexible diversified plans and rank stagewise carbon reduction targets
	
	(a)

	
Main supplementary plan related to system integration



	
Perform diversified plan conception and system integration in one attempt to process environmental space issues.



	
Horizontal integration of and negotiation with the public sector and related agencies involved with the plan







	(b)

	
Installment-, area-, and stagewise implementation of plan



	
Divide into stages according to implementation difficulty and financial plan.



	
Flexibility in making provisions for future plans that may present breakthroughs.







	(c)

	
Prioritizing the implementation of demonstration projects with high-impact short-term effects




	(d)

	
Marketing highlights implementation results to build confidence for follow-up projects.




	(e)

	
External resource input and financial plan









	Phase 6. Digital performance monitoring: Evaluation indicators and performance transparency that assist in long-term implementation
	
	(a)

	
Community ownership and business management




	(b)

	
Formulation of 3E evaluation indicators and formulation of a standard operation process




	(c)

	
Proposal of strategic incentives and reward policy for long-term maintenance
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