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Abstract

:

Meeting the rising energy demand and limiting its environmental impact are the two intertwined issues faced in the 21st century. Governments in different countries have been engaged in developing regulations and related policies to encourage environment friendly renewable energy generation along with conservation strategies and technological innovations. It is important to develop sustainable energy policies and provide relevant and suitable policy recommendations for end-users. This study presents a review on sustainable energy policy for promotion of renewable energy by introducing the development history of energy policy in five countries, i.e., the United States, Germany, the United Kingdom, Denmark and China. A survey of the articles aimed at promoting the development of sustainable energy policies and their modelling is carried out. It is observed that energy-efficiency standard is one of the most popular strategy for building energy saving, which is dynamic and renewed based on the current available technologies. Feed-in-tariff has been widely applied to encourage the application of renewable energy, which is demonstrated successfully in different countries. Building energy performance certification schemes should be enhanced in terms of reliable database system and information transparency to pave the way for future net-zero energy building and smart cities.
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1. Introduction


Energy plays a key role in both the lives of human beings and the development of economies. There have been three typical transitions for energy application: 1. Coal replaced wood to be the main energy source; 2. Oil replaced coal to be the dominant energy source; 3. The transition from fossil fuels to renewable energy. In 2018, the US Energy Information Administration (EIA) estimated that 80% of the energy was derived from fossil fuels, specifically 36% from petroleum, 13.2% from coal, and 31% from natural gas. Nuclear energy and renewable energy accounted for 11% and 8%, respectively [1]. However, since three major energy crises arose—the 1973 oil crisis, the 1979 energy crisis, and the 1990 oil-price hike—government have been engaged in encouraging consumers to conserve energy and apply renewable energy. Energy usage can cause serious environmental pollution. Excessive burning of fossil fuels results in the depleting natural resources as well as a steady increase of carbon dioxide emissions, which is believed to be responsible for increasing average global temperatures. In the report of the IPCC (2014) [2], the best-case scenario assumes that greenhouse gas emissions peak by 2020 and then decline substantially. Meanwhile, a fall between 0.2 °C and 1 °C above the long-term average may occur in global average temperature in 2100. In the models by Giorgetta et al. [3], one of the worst-case scenarios reflects a doubling of CO2 and shows a rise in mean global temperature of about 3–4 °C by 2100, and it is predicted that global average temperature in 2100 would actually fall between 1.5 °C and 2 °C below the 1950–1980 average. With an increase of 2 °C over pre-industrial levels, a significant world climatic change is expected to occur with detrimental social, human and economic impact. Therefore, to avoid such temperature increase, governments and concerned members of civil society are engaged in implementing appropriate yet practical policies and actions in response. On 2 November 2014 in Copenhagen, the Intergovernmental Panel on Climate Change (IPCC) and the leaders of the United Nations (UN) expressed their concern about the near future and the main findings of the IPCC Fifth Assessment Synthesis Report (IPCC, 2014). The UN Secretary-General declared: ‘Leaders must act, time is not on our side’ [4]. Governments are expected to act immediately to address the issues of energy crisis and environment problems. Indeed, the world’s governments have been slow to respond to this situation. A recent initiative, i.e., the Paris climate accord in 2015, is promising, with the United States and China agreeing to abide by the agreement.



The challenges of growing energy demand and environmental pollution require policies and governance on energy resources [5]. A systemic transition towards more efficient energy regimes requires a strategically designed sequence of actions involving all policy levels, from local to global [6]. A broad range of policy tools have been introduced such as tradable emission rights, taxes, and subsidies, as well as regulation such as feed-in-tariffs for renewable energy production [6]. Given China’s rapid economic growth, the overconsumption of energy and heavy carbonisation of the economy make it an important player in oil and gas markets. The US energy policy has focused on four traditional objectives: 1. Secure, plentiful, diverse energy supply; 2. Robust, reliable energy infrastructure; 3. Affordable and stable energy price; 4. Environmentally sustainable energy production and use [7]. To address the challenge of climate change, the European Union (EU) has adopted a set of quite ambitious policies to bring down greenhouse gas (GHG) emissions in 2020 by 20% with respect to 1990, raise the share of renewables in final energy consumption to 20% in 2020, and realise energy savings of 20% in 2020 compared to an official baseline energy consumption level [7]. How policy frameworks appropriately designed is the key to facilitate sufficient private capital flowing into clean energy investment. It is essential to understand how to create effective frameworks for clean energy investment and the corresponding risk-return.



However, previous studies on energy policy are mostly focusing on the development of a specific energy policy (e.g., building energy performance certification) in different countries or the renewable energy law and policies in a specific country. It is essential to understand the development history of those successive sustainable energy policies in some counties to provide guidance for designing appropriate and effective energy policies for other countries. Overall, the paper provides a unique, unified reference benchmark for future work concerning the development of renewable and sustainable energy policy.



Our paper presents a review of sustainable energy policies in five countries, i.e., United States (US), Germany, United Kingdom (UK), Denmark and China. Then, a summary of how to design a policy is provided with its interaction with economy and environment. Three important sustainable energy policies, i.e., Energy-Efficiency Standard (EES), Feed-in-Tariff (FiT), and Building Energy Performance Certification (BEPC) Schemes, are described in detail in Section 4.




2. Framework of Sustainable Energy Policy


In the EU context, it has repeatedly stated to be at the forefront of global action against climate change. In December 2019, EU has announced new European Climate Law “European Green Deal” which aims to respond to the escalating climate crisis by achieving net-zero greenhouse gas (GHG) emissions from the EU by 2050 [8]. To reach this ambitious goal, a comprehensive policy framework is required, encompassing the climate, energy, environmental, industrial, economic and social aspects of this unprecedented process [9]. The deal’s four pillars would be carbon pricing, sustainable investment, industrial policy, and a just transition [10].



Maya-Drysdale et al. [11] evaluated the vision strategy in EU New Green Deal for the energy planning of eight European cities by applying an analytical framework of critical elements of Strategic Energy Planning for 100% renewable systems. Despite carbon emission reduction ambitions, the cities are not approaching the vision strategy very effectively. The energy planning is still tied to the urban planning paradigm and traditions, which limits the strategic planning and does not fit very well with the vision strategy [11].



The European Green Deal can be successfully implemented by intelligently promoting the deep decarbonisation by accompanying the economic and industrial transformation this necessarily implies, and by ensuring the social inclusiveness of the overall process. However, this is a complicated task which requires a paradigm shift of the economy from fossil fuels to zero-carbon in a way that is socially and politically viable. The European Green Deal can be considered as an efficient reallocation mechanism, fostering investment shifts and labor substitution in key economic sectors, while helping the most vulnerable segments of society throughout the process.



On the basis of the potential consequences of climate change, one of the biggest challenges faced for governments worldwide is the transformation of energy systems from fossil fuels to renewable energies. Climate change is responsible for the increase in extreme weather events, as well as an unbroken series of hottest years on record. In recognition of this, 179 countries and the EU spent two weeks in Paris during December 2015 hammering out an agreement to keep global temperature increase well below 2 °C and if possible, below 1.5 °C. The reduction in temperature can only be achieved through a significant reduction in the emission of greenhouse gases. Known as COP21, (The 21st Conference of the Parties to the UN Framework Convention on Climate Change) it was one of the largest gatherings of world leaders ever seen. The US pledged to cut US climate pollution by 26–28% from 2005 levels. The EU plans to cut emissions by 40% by 2030 on 1990 levels. China’s target is to reach peak CO2 emissions by 2030 at the latest, lower the carbon intensity of GDP by 60% to 65% below 2005 levels by 2030, and to increase the share of non-fossil energy carriers of the total primary energy supply to around 20%. After committing to the Paris Agreement, the reduction of greenhouse gas emissions is assumed to be achieved through the implementation of national energy policies [12]. In June 2019, the UK became the first major economy to enshrine ‘net-zero’ by 2050 in law, as shown in Figure 1, which conveys the accelerating momentum for net-zero globally.



Although the share of electricity from renewable sources is on the raise in most countries after the introduction of substantial subsidies, conventional energy technologies and fossil fuels still dominate the market of electricity generation with approximately 75% market share in the European Union. Three major technological changes have been proposed for the sustainable energy development strategies: energy savings on the demand side [13,14], efficiency improvement in the energy production [15,16], and replacement of fossil fuels by various sources of renewable energy [17,18]. The need for development of sustainable energy policy is driven by the carbon emissions of the countries. The highest global carbon emissions contributed by a single country in 2018 are by China, i.e., 10,065 metric tons, followed by the USA with 5416 metric tons of CO2 emissions. The European Union has the third highest carbon emission levels with Germany as the most significant contributor [19]. The United Kingdom is also considered as a key country for the sustainable development policy with ambitious sustainable energy goals. Considering the above, this study discusses energy policies of five countries, i.e., China, the United States, Germany, the United Kingdom and Denmark, which are the leading countries in development of sustainable energy policies and renewable energy technologies [20]. The presentation of the development of sustainable energy policies in these countries can provide positive guidance on policy design to achieve a sustainable development.



2.1. United States of America Energy Policy Context


Historically, the USA appears in the list of the first countries that incorporated energy policy in its economic system. In its beginning (by the Colonial period), the US energy policy was based on the standing timber for heating and industry [21]. However, with the discovery of coal benefits for industry applications (19th century), such policy changed direction towards an industrial revolution [21]. Over time, the use of coal was reduced with the integration of oil energy source. This is attributed to the fact that oil energy sources were easier and safer to utilise than coal.



Another important aspect that produced energy policy transformation was in 1883 at Niagara Falls (New York, NY, USA), with the construction of the first hydroelectric power source. Hydropower generation (first renewable energy source) opened a pathway for the 20th century to different power plants based on petroleum, natural gas, diesel, and nuclear. During the 20th century, the US economically growth rapidly reaching a peak just after the World War II. The success of its economy was in part due to the regulations based on electrical energy production [22].



Until the 1990s, hydropower and solid biomass were the most used renewable energy. However, this fact changed with the developments of new renewable technologies. Biofuels, solar, and wind energy became very popular at the end of the 20th century. This is attributed to the advantages that they present, such as: (1) low environmental impact; (2) low or no production of emissions of CO2 and other polluting gases into the atmosphere; (3) natural resource with external dependence; (4) suitable option to complement conventional energy sources [23]. The employment of more renewable energies could lead to a more sustainable economy. However, without an adequate policy, this was not going to be possible, as history demonstrated. In 2009, the US became the second largest (after China) country around the globe emissary of carbon dioxide (CO2) with a total of 8413 million metric tons of CO2 as reported in Reference [24]. This fact produced several penalties to the country, leading to a decrement in the US economy. Another problem that the US was facing was the wearing out of the energy sources. Potential solutions to these issues led to the creation of energy policies that could regulate the energy sector; under this need, the US formulated the Energy Independence and Security Act (EISA) [25] and the Energy Policy Act (EPAct) [26]. In the EPAct and IEA analyzed the given problem and proposed (in the beginning of the 2000s) regulations based on energy conservation and efficiency.



The conservation and efficiency strategies given in the EPAct05 and EISA took four milestones: 1. Transportation energy conservation and efficiency provisions; 2. Buildings energy conservation and efficiency provisions; 3. Industry energy conservation and efficiency provisions; 4. Electric power energy conservation and efficiency provisions. The most relevant policy for each sector is presented in Table 1, Table 2, Table 3 and Table 4 [27]. The EPAct05 and EISA leads to an enlargement of US energy conservation, transforming the outlook for US oil imports and carbon emissions.




2.2. Germany Energy Policy Context


Germany is generally recognised to be the pioneer in establishing energy policy for sustainable development, and it is currently the most successful country for the promotion of renewable energy towards a sustainable energy system transition. Research and development of energy policy is the responsibility of the Federal Ministry of Economics and Technology (BMWi). Environmental policies, including nuclear safety, climate change and the impacts of fossil fuel combustion, are undertaken by the Federal Ministry of Environment, Nature Conservation and Nuclear Safety (BMU). The German Energy Agency (DENA) created in 2000 is in charge of the promotion of energy efficiency and energy conservation. The Federal Cartel Office (FCO) or the state-level competition offices is responsible for the regulation of competition in energy and electricity markets. Furthermore, independent expert panels and institutes organise discussions and provide reports for guiding energy policy.



In 2011, German government announced the Energiewende (‘energy transformation’) and decided to reduce the amount of fossil fuels from 80% of energy supply to 20% by 2050. The phase-out of nuclear energy, reduction of fossil fuels and dramatic increase in projected energy efficiency are the three major components of the German Enrgiewende.



Figure 2 provides an overview of electricity production from different energy sources between the period 1990 and 2015 in Germany (adopted from [28,29]). Until 2000, nearly 80% of electricity production came from lignite (25.7%), hard coal (24.8%), nuclear (29.4%) and the rest came from natural gas (8.5%) and renewables (6.6%). The share of renewables has been observed to increase dramatically (from 6.6% in 2000 to 30% in 2015) and the share of nuclear was halved from 29.4% in 2000 to 14.1% in 2015. Since the Fukushima accident, the decision to phase-out nuclear energy may cause the share of nuclear to reach zero by 2022 [29]. Electricity production from nature gas provides less than 10% in 2015 while it was negligible for domestic oil compared to demand.




2.3. United Kingdom Energy Policy Context


The UK has a legal obligation under EU law to generate 20% of all energy consumption from renewable energy sources by 2020, and it has a legally mandated policy goal of an 80% reduction in national greenhouse gas (GHG) emissions to 80% of the base line i.e., 1990 GHG emissions, by 2050. [30,31]. However, later in 2019, the UK government introduced changes to the Climate Change Act 2008 and introduced amendment by introducing the term “Net-Zero”. The amendment states “The amendment in this Order has the effect that the minimum percentage by which the net UK carbon account for the year 2050 must be lower than the 1990 baseline is increased from 80% to 100%” [30,31,32].



The UK has a legal obligation under EU law to generate 20% of all energy consumption from renewable energy sources by 2020, and it has a legally mandated policy goal of an 80% reduction in national climate change emissions by 2050 which was made in 2008, and to reach net-zero carbon emissions by 2050 through an amendment to the law made in 2019 [30,31,32,33]. Over the last two decades, substantial policy instruments have been introduced and amended, including enhanced construction and design standards (e.g., building control regulation), compulsory energy labelling (Energy Performance Certificates (EPC) and Display Energy Certificates), and a fairly unstable range of financial penalties and incentives (e.g., the Green Deal, Feed-in Tariffs, Energy Efficiency Opportunities Scheme, Climate Change Levy) [34]. A summarised description on the UK national energy policy framework towards energy efficiency and renewable energy production is given in Table 5.



In 2011, The Minimum Energy Efficiency Standard (MEES) was introduced in the United Kingdom, based on which the properties or these building materials rated G and F will be removed from the market. According to the report from Department of Energy and Climate Change in 2015, approximately 8% (representing around 200,000 units of the leased commercial stock in England and Wales) of non-domestic buildings had an EPC rating of F, and a further 10% of non-domestic buildings had an EPC rating of G.




2.4. Denmark Energy Policy Context


The establishment of Danish energy policy for renewable energy has a long history that can be traced back to the 1890s. Nowadays, Denmark is a leading country on how sustainable development strategies constituted by a combination of energy savings, efficiency improvement technologies and renewable generation are implemented. Since the energy crisis of the 1970s, Denmark has experienced the transformation of electricity generation from large, centralised thermal power stations to renewable electricity [46,47]. National energy plans were developed through wide discussion on energy security, self-sufficiency, efficiency, and greenhouse gas reductions. Nuclear power was not involved in the alternative plans as there was significant public opposition to the installation of nuclear plants [47].



In 2001, an expert group was formed by the Danish Energy Agency to investigate the problem of excess electricity generation arising from the high penetration of wind generation and combined heating and power plant in the Danish energy system [48]. A series of long-term year 2020 energy system is analyzed by Aalborg University to identify investments in more flexible energy systems in Denmark [49]. A Danish future year 2020 energy system was defined by the expert group in accordance with Danish long-term energy policies and strategies.



Denmark has a leading role in the development of wind power generation which can go back to Poul la Cour who developed and built a wind turbine for electricity production and thus initiated modern wind power development. In 1918, 120 rural wind power stations were established with rated turbine powers between 20 and 35 kW, and wind generation (3 MW) accounted for around 3% of the Danish electricity demand (80 MW). The beginning of the modern phase of Danish wind energy use started from 1975 when a report was proposed on a broad wind energy programme in Denmark published by a committee set up by the Danish Academy of Technical Sciences (ATV) [50]. In 1976, a second report was issued by the Academy to further outline a five-year programme in the field of wind energy [50]. In 1977, the national government and the Danish utilities jointly supported to implement a wind power programme for the development of large-scale electricity-producing wind turbines. In 1996, the Danish government started Danish energy policy for offshore wind power of 4000 MW in 2030 in Energy 21. By the end of 2001, wind generation contributed nearly 12% of gross electricity consumption, while it provided 18.2% of the total gross electricity production in 2005 [46,47]. A share of electricity from renewable sources for Denmark is given in Table 6.




2.5. China Energy Policy Context


Building energy consumption has been widely recognised as one major sector that threatens sustainable development all over the world, and it is expected to continue to increase in the next decades. Since the first building design standard had been issued in 1986, China government has established a systematic design standard for the new buildings in different climate zones, including design standards and acceptance standards for the residential building as well as public building [52] (Table 7). It is noted that the standard is updated every several years, and the newly items are summarised in Table 8.



In China, a series of national plans have been formulated for the development and utilisation of renewable energy, which is also recognised as a political and economic issue (see Figure 3). As important strategies, the national plans provide basic guidelines and periodical targets for China’s renewable energy law and policy system, which greatly accelerate the optimisation of social resources allocation, the improvement of market mechanism and mobilisation of renewable energy investment [57].



In 2017, the National Development and Reform Commission (NDRC) of China issued the 13th Five Year Plan on energy development, and this is the basic outline of China’s energy policy from 2016 to 2020 [58]. The Category of electricity generation from coal, natural gas, wind power and solar power can be found from the report as summarised in Figure 4. The improvement of energy demand and energy supply structure is the pillar of the energy policy in the 13th Five Year Plan, which aims to address the problem of “placing an emphasis on facility construction, but disregarding usage” in the existing renewable energy policy.



In Reference [59], 2656 energy-related province-level laws and regulations are identified and further categorised into specific types of command and control policies; financial incentives; awards; intellectual property rights; and education and information policies.





3. Modelling Sustainable Energy Policy


An effective policy is defined as ‘the extent to which intended objectives are met, for instance, the actual increase in the amount of RE electricity generated or share of RE in total energy supplied within a specified time period’ needs to ‘incite investment’ [61]. The development of sustainable energy is widely acknowledged to depend on related policies determined by policy-makers and the government. It is a vital procedure to design and model an appropriate energy policy scheme since it affects the economic, environment, and technology development, as illustrated in Figure 5. In general, a well-developed policy contains a closed loop involving six major procedures: policy design, policy implementation, policy monitoring, policy assessment, policy feedback and policy amendment. In terms of the development of RE policy, five common criteria (Figure 6) were identified to judge whether it is successful or not [62]:




	
Effectiveness (Extent to which the objectives are met);



	
Efficiency (Innovation with decrease in costs);



	
Equity (Fair distribution of the rents between RE developer and government);



	
Institutional feasibility (Extent political support is provided to the policy);



	
Replicability (Extent to which the policy can be adopted in other countries).








Modelling of the energy policies requires systemwide analysis of the complexities posed by the new technologies being incorporated in the system. The complex interactions of variables affecting the decision-making process with possible alternatives must be determined for designing an effective policy. Simulation studies containing major modelling methodologies and themes are presented in Table 9 [63].



Several empirical studies conclude that governments and stakeholders need to actively increase RE adoption and promote effective policy incentives and policy controls so as to reduce the CO2 emissions prevalent in their countries and regions [74]. The simplest energy policy is to fix the reward/penalty value for a product or an activity such as feed-in-tariff (FiT) and carbon tax. However, the value for feed-in-tariff or carbon tax is usually different for different places, which has attracted great attention from academic experts as well as the government [75,76,77,78]. The modelling of sustainable energy policy is expected to be a key factor for developing a successful policy.



A review of literature presents many studies proposing such policies. For example, in the study of Lu et al. [79], a segment function was introduced as the model of penalty cost for the design of RES in zero energy buildings, the parameters were determined by trial test for the case of Hong Kong Zero Carbon Building. Then, the authors of Reference [80] further proposed a simple quadratic function as the reward-penalty model, and the effectiveness of the proposed model was investigated based on a single-family house located in Shanghai city, China. In the two cases, the proposed RPM was designed to obtain an environmentally friendly, but economically viable optimum for ZEB owners by rewarding them a bonus and fining them according to the achieved ZEB level. In order to mitigate the overgeneration from the uncontrollable property of renewable sources, a reward/penalty mechanism for the demand response programs is designed for maximizing the benefit of supply side under the constraint the benefit of customer side is not sacrificed, which is solved by using particle swarm optimisation [81]. Wu et al. [82] proposed a simple but transparent exercise with a FiT mechanism of which the subsidy cost is passed through to final consumers by adding a tax or surcharge on electricity consumption, which forms the type of subsidy with a direct price impact on the electricity price. The two types of renewable support schemes, i.e., a subsidy scheme like a feed-in-tariff without price impact and a subsidy scheme with a direct price impact were then evaluated and compared. They found that a support scheme with price impact is much more effective in reducing CO2 emissions while the difference in GDP between the two policies is small [82].



Obrecht and Denac proposed two simplified energy policy models which represent useful tools for greater RES application, more predictable and accurate future energy policy measures, and efficiently satisfy international agreements and objectives, as shown in Figure 7 and Figure 8 [83]. The two models are very similar but Model 2 contains a very different final goal. Model 2 shapes the direction of future energy demand and supply so that it can achieve the transition to more sustainable energy and the legally binding objectives.



Systems dynamics (SD) has been widely applied to the energy policy related problems [63,84,85,86,87] and assessment of environmental impact [88,89,90]. Qudrat-Ullah [63] investigated the modelling and simulation issues in service of energy policy and identified energy policy modelling related issues. The identified issues include the characterisation of energy systems as complex, dynamic system with numerous uncertainties, non-linearities, time lags, and intertwined feedback loops. Qudrat-Ullah suggested that system dynamic modelling can be a viable solution to address these issues. Based on the three traditional categories under classification of energy policy formulation, i.e., strategic, tactical and operational problems, the author further classified energy policy formulation problems into six categories, i.e., energy-economy-environment (3E) problem, energy demand-supply management problem, new product innovation problem, capacity management problem, energy pricing problem, and hybrid energy management problem [91,92]. An in-depth review of some of the sustainable policies is presented in the proceeding section.




4. Effective Policies for Promotion of Sustainable Energy


The key challenges for sustainable development are expanding access to affordable, reliable, and adequate energy supplies while addressing environmental impacts at all levels [93]. The development of energy policies for sustainable development can be ensured by [93].



	
Delivering adequate and affordable energy supplies



	
Encouraging energy efficiency



	
Accelerating the use of new renewables



	
Widening the diffusion and use of other advanced energy technologies






Considering the aforementioned guidelines, three key policies are promoted globally to ensure sustainable development. Energy Efficiency Standard (EES) is introduced to encourage energy efficiency, Feed-in-Tariff (FiT) is adopted to incentivise the consumers for acceleration of penetration of renewable energy, and widening the diffusion of new technologies in conjunction with advanced energy technologies is ensured by Building Energy Performance Certification (BEPC) Schemes. A detailed discussion on all three points is presented below.



4.1. Energy Efficiency Standard (EES)


Energy-efficiency standards are a set of programs and regulations that prescribe the energy performance of manufactured products, which are dynamic and determined based on the current available technologies in the market. There are three types of energy-efficiency standards [94]: Prescriptive standards that require a particular feature or device be installed in all new products; Minimum energy performance standards (MEPS) that specify the energy performance (i.e., prescribe minimum efficiencies or maximum energy consumption) in each and every product and Class-average standards that specify the average efficiency of a manufactured product, which allow the variation of the level of efficiency for models if the overall average is achieved. The energy efficiency of a certain product is suggested to be dynamic to ensure manufacturers’ efforts with making gradually improved energy-efficient products.



Energy-efficiency standards can be either mandatory or voluntary. Mandatory programs provide minimum allowable energy efficiency or maximum allowable energy use for products sold in a particular country or region. By contrast, voluntary energy-efficiency standards are alternative options to energy-efficiency regulations. Energy-efficiency codes and related policies adopted for the building sector in various countries are given in Reference [95] and can be categorised as in Table 10. In most countries, the incentives are integrated in the codes and energy conversation are mainly achieved from eight measures (i.e., heating and cooling, design guidelines, construction detail methodology, wall and ceiling insulation, air sealing and ventilation, lighting efficiency, windows U-value and Solar Heat Gain Coefficient-SHGC, and other installations).




4.2. Feed-in-Tariff (FiT)


Feed-in tariff (FiT) is one of the most successful incentive schemes for promoting significant growth in renewable energy technologies, particularly solar and wind. In general, FiTs typically include three key provisions: guaranteed grid access, long-term contracts, and cost-based purchase price [113,114]. Under a FiT, eligible renewable electricity generators (e.g., homeowners, business owners, farmers and private investors) will be paid a cost-based price for the excess generated electricity that was sent to the grid. This provides investors a reasonable return and thus greatly supports diverse technologies (wind, solar, biogas, etc.) to be developed. Over the past two decades, more than 45 countries have implemented FiT programs. The first form of feed-in-tariff was implemented in the US in 1978 under President Jimmy Carter, who signed the National Energy Act (NEA), which aims to encourage energy conservation and to develop new energy resources, including renewables such as wind, solar and geothermal power [115,116]. In 1990, the first European country, German, adopted a feed-in-tariff program with a tariff based on a percentage of the retail rate of electricity. Denmark and Spain implemented their versions of feed-in-tariff program in 1993 and 1994, respectively. Figure 9 depicts the history of feed-in-tariff adopted by different countries.



The FiT rate may differ by technology, size (commercial or residential scale), location (e.g., ground-mounted or rooftop for solar PV projects) and region [89]. There is a growing body of research focusing on how to determine and adjust tariff rates. For instance, simply increasing the FiT rate adjustment frequency could have reduced the curtailed wind power by 23 to 27 billion kwh while maintaining the same reduction level of subsidy between 2009 and 2016 [117]. The UK government announced new feed-in-tariffs for small scale renewable and low carbon electricity, for example, tariff levels for new installations of PV (≤4 kW) and Wind (≤1.5 kW) were 36.1 p/kWh and 34.5 p/kWh respectively in 2010, whereas in 2019, PV (≤10 kW) was set to 3.41 p/kWh whilst Wind (≤50 kW) was changed to 8.24 p/kWh [118]. In the study carried out by Ritzenhofen and Spinler, they assessed the impact of adjustments to FiT schemes by quantifying the relationship between FiT levels, i.e., the propensity to invest in RES and the guaranteed amount paid per quantity of electricity generated. Based on a regime switching model in their study, the impact of regulatory uncertainty considering moves from a FiT scheme to a more market-oriented regime was then quantified [80]. Moore et al. [119] adapted a financial model to identify suitable FiT rates for the generation of electricity from unused biomass in Eastern Ontario, Canada. They suggested that the FiT rate was required to be higher than the current offered rates (i.e., CDN$ 0.13 kW−1h−1) for projects greater than 10 MW. To achieve payback periods of five years, the corresponding FiT must be between CDN$ 0.17 kW−1h−1 and CDN$ 0.22 kW−1h−1 while a FiT rate of approaching CDN$ 0.45 kW−1h−1 was required for a payback period of two years or less. Table 11 presents a summary of literatures on feed-in-tariff (FiT) in different countries.




4.3. Building Energy Performance Certification (BEPC) Schemes


The transformation of existing buildings into Nearly Zero Energy Buildings (NZEBs) by 2050 is an important goal in The Energy Performance of Buildings Directive (EPBD), which requires the development of Energy Performance Certificate (EPC) schemes in the EU to provide a powerful and comprehensive information tool for quantitatively predicting the annual energy demand from the building stock and creating a demand-driven market for energy-effective buildings [139]. In 2002, the Energy Performance Certificate was introduced by the EPBD (Directive 2002/91/EC) [140] as a mandatory requirement when constructing, selling or renting a building or dwelling in the EU member states. The EPC should include the standard values, benchmarks and energy requirements for the building. In addition, the certificate should contain recommendations for energy improvement in the building while considering the cost-effective solutions. In 2010, additional requirements were put forward to strengthen and improve the quality of the EPC in the recast of the EPBD in 2010 (Directive 2010/31/EU) [141]. In particular, if any property is to be sold or rented, the advertisement should include the EPC and the new buyers and tenants should keep the EPC. Subsequently, in the Directive 2012/27/EU [142], it is required that compliance with the energy efficiency requirements for the purchase of buildings by the central government shall be verified by the recast. In 2018, an amendment to Directive 2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on energy efficiency was further proposed in Directive (EU) 2018/844 [143], in which the importance of improving the transparency and quality of the EPC was highlighted. Figure 10 [139] provides a general timeline for the development of EPC in the EU Directives. Each EU member state has proposed its own approaches for developing EPCs and their implementation. Meanwhile, and EPCs are recognised to be among the most important information sources regarding building energy performance in the EU’s building stock [144,145]



It is necessary to develop an EPC database system as it facilitates building energy performance monitoring, building energy planning and building renovation planning. In all EU member states, the assessors are required to upload EPC information into the database [146]. By 2014, 22 member states had established centralised EPC registers and some countries (e.g., Latvia and Poland) are preparing to launch their database systems. These registers vary in terms of data format, data management and sharing, and the data upload procedure. In some countries (e.g., France) and some regions (e.g., in Italy and Belgium), it is an obligatory step to upload data for issuing an EPC. The situation of the EPC database is varied across EU-28 in 2014, as demonstrated in Figure 11 [139]. In some countries, the public can access the database or aggregated results while in other countries, the database is only available for authorities or selected organisations [139].



Credibility and reliability are considered to be the most important two factors for evaluating the successful implementation of the EPC [147,148]. If the data quality is questionable, it would result in a lack of confidence in the return on the investment and make it difficult for policy-makers to develop successful future energy planning policies [139,149]. In this context, a well-functioning system is required to set up for the quality control of the EPC, which is suggested from the perspective of input data, energy assessor and software applied [139]. The situation of quality control for EPC database across E-28 in 2014 is displayed in Figure 12 [139]. Independent quality control of EPCs has been implemented in 21 EU member states. 11 countries have been identified to have finished the quality control for the EPC calculation software. In addition, EPC quality control is conducted in 19 countries through the database, including random sampling and data verification. Control systems have been developed in eight countries for qualified experts who may receive a penalty for false certification. A reliable and trustworthy EPC enhances the confidence of the building owner to upgrade their property into a higher energy level and the potential buyer to purchase a higher energy performance level building [139].



Four elements are introduced in the EPBD recast that affect the quality of EPC systems, qualifications and accreditation of certifiers, methodology, independent quality control, and penalties for non-compliance (see Figure 13). The requirement of the independent qualified and/or accredited experts, who are responsible for carrying out the assessment of a building’s energy performance, is considered an important aspect affecting the quality of the certificate. In most countries, a minimum requirement (minimum education requirements or prior professional experience) has been set for a qualified expert. Moreover, lists of qualified and/or accredited experts and the companies that offer such experts should be made publicly available and regularly updated among Member States. An independent control system was introduced in the EPBD recast (Art. 18) that aims to ensure high quality of EPCs. The EPC verification options, e.g., the validation of the input data, on-site visit of the building or other equivalent measures, verification of results and recommendations, should be taken into account when designing the scheme. Mandatory penalties were introduced for non-compliance (Art. 27) in the EPBD recast, which can further improve the functioning of the EPC system. In the event of infringement, the building owner or qualified expert may receive an effective, proportionate and dissuasive penalty.





5. Concluding Remarks


Policies and regulations are the backup for technology innovation. It is the government and policy-makers who determine the direction of policy and consumers’ investments. To further promote the development of a sustainable society, this study reviewed the development of sustainable energy policy in different countries, particularly in the USA, Germany, the United Kingdom, Denmark and China. The key conclusion of the paper is that to move towards a sustainable energy future, governments and stakeholders need to actively increase renewable energy adoption and promote effective policy incentives and policy controls.



Recommendations for future policy-makers are provided below:




	(1)

	
Establish a trustworthy and reliable database system for policy analysis



A new energy policy is usually proposed based on the current technology and related database system. To avoid incorrect input data, it is also important to ensure that quality and accuracy of the data in the database is not compromised. Information transfer can be tracked using technologies such as Blockchain Technology. Only a highly reliable database can benefit from effective design of future energy policy and the development of corresponding building renovation strategies. Based on the database system, when and where the policy implementation requires adjustment (e.g., the adjustment of energy-efficiency standards for building materials) can be identified by national and local authorities.




	(2)

	
Increase information transparency and provide recommendations for building energy saving measures



The database should contain at least the basic information, e.g., building type, year of construction, floor area, heated floor area, energy consumption per year, energy label, carbon emission, energy-saving recommendations, as well as the information about the energy assessor. The information updated after renovation should be recorded in the documents over the lifetime of a building. Some aspects of the databases should be accessible to the public to create a user-friendly data-sharing platform for authorities, research entities, homeowners and prospective owners or renters. This can assist them to compare with the assessment from another representative dwelling in the same block and reinforce public awareness of energy efficiency. Recommendations for energy-saving measures significantly influence homeowners’ decisions. Optimised and cost-effective upgradation of the building performance with estimates of energy saving should encourage the homeowners to consider upgradation. Personalised instructions on renovation options to quantify energy savings and related costs can be included in a related energy label certificate such as green building certificate or EPCs.




	(3)

	
Provide financial support for building renovation



It is a priority to retrofit the existing building stock for energy saving. However, two major reasons hinder the building-owners from implementing refurbishment: additional costs for energy-saving measures, and a lack of knowledge of the financial benefits after renovation. The refurbishment entails the improvement of building envelope thermal performance as well as the replacement of the old heating systems. Buildings that meet a certain energy level after renovation can be rewarded by subsidies to reduce the perceived risks of investing in energy-efficiency measures.




	(4)

	
Develop reward-penalty mechanism for promoting net-zero energy buildings



It is still a challenge to achieve the target of net-zero energy buildings for all new buildings by the end of 2020 if no financial support is provided. It is therefore necessary to design the reward-penalty mechanism for further promoting net-zero energy buildings. The parameters affecting reward-penalty function should be firstly identified, and different types of reward-penalty function can be further designed and validated. The reward-penalty mechanism can be developed based on annual assessment, monthly assessment or daily assessment. The daily reward-penalty mechanism is supposed to be more effective and efficient to provide incentives for building-owners to actively manage their energy usages.




	(5)

	
Encourage the application of smart devices to achieve future smart buildings/cities



The use of electronic devices and HVAC system contribute significantly to the building energy performance, which is difficult to quantify as the occupants’ behaviors and preference (e.g., internal temperature, hours of operation) are difficult to forecast. The adoption of smart devices can increase energy efficiency and facilitate building energy monitoring, and it is important to ensure the inclusion of these systems in policy development. Indicators like smart readiness indicator can be developed to stimulate investors for technological innovation and promote smart devices in buildings. A great uptake of smart capabilities, such as building automation and control system, smart meters and self-regulation devices will pave the way for future smart buildings and smart cities.
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Figure 1. Net-zero emissions race [20]. 
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Figure 2. The development of energy sources for electricity production from 1990 to 2015 in Germany (Adopted from [29]). 
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Figure 3. China’s National plans for renewable energy development [60]. 
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Figure 4. Energy development of the 13th Five Year Plan [60]. 
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Figure 5. The policy design cycle (Adopted from [62]). 
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Figure 6. Energy Policy Success Criteria [62]. 
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Figure 7. Energy policy model 1 (adopted from [83]). 
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Figure 8. Energy policy Model 2 (adopted from [83]). 
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Figure 9. History of feed-in-tariff adoption internationally. 
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Figure 10. Timeline for the development of Energy Performance Certificate in the EU Directives [115]. 
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Figure 11. The EPC database across EU-28 in 2014 [146]. 
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Figure 12. The situation of quality control for EPC database across E-28 in 2014 [146]. 
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Figure 13. Elements of the quality assurance of EPC systems [150]. 
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Table 1. Sector: Transportation energy conservation and efficiency provisions [27].
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	Regulation
	Description





	EPAct 711,712,754
	Authorises Department of Energy (DOE) to accelerate efforts to develop hybrid electric and advanced diesel vehicles.



	EPAct 751
	Authorises DOE research partnership with Department of Transportation (DOT) and Environment Protection Agency (EPA) to improve railroad efficiency.



	EPAct 753, 758
	Authorises DOE, DOT, and NASA activities to improve the energy efficiency of aircraft.



	EPAct 771, 774
	Authorises activities to fund implementation and enforcement of existing fuel economy standards and updating of testing procedures.



	EPAct 1701-1704
	Authorises load guarantee program for innovative energy technologies including those for transportation energy efficiency.



	EISA 102, 104
	Establishes new average fuel economy standards for automobiles and certain other vehicles and a trading program to allow manufacturers to earn credits when vehicles exceed standards.



	EISA 131, 135
	Authorises DOE research and grant program for electric and hybrid electric vehicles and loan guarantees for the manufacture of advanced vehicle batteries and battery systems.
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Table 2. Sector: Buildings energy conservation and efficiency provisions [27].
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	Regulation
	Description





	EPAct 102, 103, 109
	Establishes new energy reduction goals for federal buildings, including authorisation of metering for measurement and verification, and updated building energy performance standards.



	EPAct 121–128
	Authorises new funding for state and local programs including weatherisation assistance, appliance rebates, grants to low income communities, and incentives for states to implement energy-efficient building codes.



	EPAct 135
	Authorises development of energy conservation standards for additional products including, for example, fluorescent lamps, dehumidifiers, battery chargers, illuminated exit signs, vending machines, ceiling fans, and small package commercial air conditioning and heating systems.



	EPAct 912, 913, 921
	Authorises new DOE programs in solid state lighting, building energy performance, and micro-cogeneration technologies.



	EISA 301–316
	Authorises expanded set of standards for home appliances and building equipment including external power supplies, residential boilers, walk-in coolers and freezers, and procedures for expedited rulemakings, updated test procedures and regional approaches.



	EISA 411–413
	Activities for residential buildings including reauthorisation of funding for weatherisation and energy code improvements for manufactured housing.



	EISA 431–441 and 511–548
	Activities for federal and other government buildings including higher energy reduction goals, and authorisation for high-performance ‘‘green’’ federal buildings, new provisions for energy-saving performance contracting, streamlined procurement provisions, and block grants for state and local governments and Native American tribes.
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Table 3. Sector: Industry energy conservation and efficiency provisions [27].
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	Regulation
	Description





	EPAct 106
	Authorises DOE to establish a voluntary program in collaboration with industrial sector companies to make commitments to reduce industrial energy intensity.



	EPAct 922
	Authorises DOE to establish a program to improve the efficiency of high-power density facilities including data centers, server farms, and telecommunications facilities.



	EPAct 1701–1704
	Authorises load guarantee program for innovative energy technologies including those for industrial energy efficiency.



	EISA 451
	Authorises DOE program to expand activities in waste energy recovery, district energy systems, and combined heat and power through funding for research and development, grants to the states, and outreach to decision makers using regional clean energy application centers.



	EISA 452
	Authorises DOE programs to support energy-efficiency improvements in the energy-intensive industries through research, development, demonstration, technology transfer, and grants for innovative technologies.



	EISA 453
	Expands authorities for activities to reduce energy consumption in energy-intensive data centers.



	EISA 1002
	Authorises workforce training programs for ‘‘green jobs’’ including manufacturing of energy efficiency and renewable energy products through research and state programs.
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Table 4. Sector: Electric power energy conservation and efficiency provisions [27].
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	Regulation
	Description





	EPA 139
	Authorises a study of energy-efficient electric and natural gas utilities.



	EPA 921, 925, 925
	Authorises DOE programs for distributed energy and electric transmission and distribution through research, development, demonstration, analysis, and technology transfer.



	EPA 1701–1704
	Authorises load guarantee program for innovative energy technologies including those for energy efficiency in electric power.



	EISA 1301–1309
	Authorises programs for “smart grid” technologies, tools, and techniques through research, development, demonstration, technology transfer, cost-shared grants, and interoperability standards to enhance flexibility and functionality of grid operations and enable grid integration of demand response, conservation, energy efficiency, and renewable energy systems.
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Table 5. Summary of National Energy Policies of UK [35,36,37,38,39,40,41,42,43,44,45].
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	National Policy
	Description





	CERT—Carbon Emissions Reduction Target
	Larger energy company supplier targets for energy-efficiency improvements via loft insulation and low energy light bulb distribution. Ended 2012 [35,36].



	CESP—Community Energy Saving Programme
	Energy companies required to target low income households with improved energy-efficiency standards and lower bills. Additional credit for ‘whole house’ and community approaches. Ended in 2012 [35,36].



	Warm Home Discount
	Financial support from electricity and gas suppliers for fuel poor households [37].



	CRC—Carbon Reduction Commitment
	From 2012 large commercial organisations with consumption of more than 6000 MWh of electricity must pay CO2 tax initially set at £12/ton [38].



	Green Deal
	Owner occupiers can borrow against future household energy bills to pay for home energy-efficiency improvements [35,36,37,38,39,40].



	ECO—Energy Company Obligation
	From 2013, CERT and CESP replaced by three schemes.

Carbon Emissions Obligation requires major suppliers to target ‘hard to treat’ households.

Carbon Saving Community Obligation requires suppliers to support community energy-efficiency schemes such as District Heating.

Home Heating Cost Reduction Obligations requires targeting of heat energy-efficiency measures (e.g., boiler replacement) on low income and vulnerable customers [38].



	FiT—Feed-in-Tariff
	This is the renewable electricity generation support scheme for generators with capacity of less than 5 MW. This offers a fixed payment per kWh depending on size and type of technology [41].



	CfD—Contract for Difference
	The renewable obligation (RO) scheme is due to be replaced by CfDs. This offers insurance payments equal to the difference between the average wholesale market price and a fixed strike price in the CfD for eligible large-scale renewable generation [42].



	RHI—Renewable Heat Incentive
	From 2011 Renewable Heat Premium Payments were available to both non-domestic and domestic producers of renewable heat, providing partial support for those who install renewable heating systems. The domestic RHI budget was only £15 m in 2011/12 but the total RHI budget was £251 m in 2013/14 [43,44].



	The Renewable Obligation scheme
	Suppliers meet their obligations by presenting Renewable Obligation Certificates (ROCs) to Ofgem. Where suppliers do not have sufficient ROCs to cover their obligation, a payment is made into the buy-out fund. The extension of the scheme from 2027 to 2037 was declared on 1 April 2010 and is detailed in the National Renewable Energy Action Plan [45].
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Table 6. Share of electricity from renewable sources in Denmark [51].
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	Shares and Targets





	In 1997
	9%



	Target for 2010
	29%



	Share in 2012
	39%



	National targets for renewable electricity
	50% by 2020; 100% by 2050



	Wind energy
	Cumulative installed capacity: 4.7 GW; Target for 2020: 3.9 GW



	Photovoltaic
	Cumulative installed capacity: 0.548 GW

Target for 2020: 0.006 GW
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Table 7. The standard system for building energy efficiency in new buildings [51].
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Building Energy Efficiency Standard

	
Key Points






	
Design standard

	
Design Standards for Energy Efficiency of Residential Buildings in cold and frigid Zone (1986, 1995, 2010, 2018)

	
Provide specific requirement on energy saving from the aspects of building envelope, heating ventilation and air conditioning system (HVAC) for residential buildings in the heating area




	
Design Standard for Energy Efficiency of Residential Building in Hot Summer and Cold Winter Zone (2001, 2010)

	
Provide specific requirement on the thermal insulation performance of residential building envelope and energy savings in HVAC system




	
Design Standard for Energy Efficiency of Residential Building in Hot Hummer and Warm Winter Zone (2003, 2012)

	
Provide specific requirement on the thermal performance of the wall and roof, the shading and heat insulation performance, and energy savings in HVAC system




	
Design Standard for Energy Efficiency of Public Buildings (2005, 2015)

	
Applicable to all climate zones in China, provide specific requirement on energy-saving measures and requirements for different climate zones from the thermal insulation performance of building envelope and HVAC system




	
Acceptance standard

	
Acceptance Specification for Construction Quality of Building Energy Conservation Projects (2007, 2014)

	
Provide specific requirement on related energy conservation projects (wall, curtain wall, door, window, roof, ground heating, ventilation, air conditioning, air conditioning and heating system, cold and heat sources, pipe network distribution and lighting monitoring and control), on-site inspection of building energy conservation project, and quality acceptance for part of the building energy conservation project, etc.
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Table 8. The items included in building design standard of China.
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Commercial Building

	
Residential Building




	

	
Public Building (2015) [53]

	
Cold and Frigid Zone (2018) [54]

	
Hot Summer and Cold Winter Zone (2010) [55]

	
Hot Summer and Warm Winter Zone (2012) [56]






	
Building Envelope

	
√

	
√

	
√

	
√




	
HAVC System

	
√

	
√

	
√

	
√




	
Hot water and Pump

	
√

	
√

	
×

	
×




	
Lighting

	
√

	
√

	
×

	
√




	
Electricity

	
√

	
√

	
×

	
×




	
Tradeoffs and Building Performance Calculations

	
√

	
√

	
√

	
√




	
New Energy

	
√

	
√

	
√

	
×
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Table 9. Modelling Methodologies and Themes [63].
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	Modelling Methodology
	Major Themes
	Source





	Linear programming and dynamic programing
	Capacity expansion and energy-economy analysis
	WASP model [64], and MARKAL model [65]



	A mixed-integer linear program
	Distributed energy resource system
	MILP model [66]



	Econometric methods
	Annual energy outlook and the role of carbon capture and storage
	NEMS model [67] and SGM model [68]



	Partial equilibrium model
	Develop the US Climate Action Plan
	IDEAS model [69]



	Optimisation
	Energy-economy interactions and the options for SO2 control
	Meier and Mubayi’s model [70]

and Islas and Grande’ s model [71]



	Scenario analysis
	Energy policies
	Munasinghe and Meier’s model [72]



	Agent-based
	Quantitative support for climate policy formulation and evaluation
	ENGAGE model [73]
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Table 10. Comparison of energy-efficiency codes for single family and multifamily in various countries [95].
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Country

	
Energy Regulation Name

	
Regulation Type

	
Stringency

	
Incentives

	
Energy-Efficiency Measures




	
Heating and Cooling

	
Design Guidelines

	
Construction Details Methodology

	
Wall and Ceiling Insulation

	
Air Sealing and Ventilation

	
Lighting Efficiency

	
Windows U-Value and SHGC

	
Other Installations






	
Australia

	
BCA 2010-6 Star NatHERS Rating for Buildings [96]

	
SC

	
M

	
Y

	
Y

	
Y

	
N

	
Y

	
Y

	
N

	
N

	
Y




	
Brazil

	
Brazilian Energy Labelling Schemes for Residential Buildings (RTQ-2010) [97]

	
PU

	
V

	
N

	
N

	
N

	
N

	
N

	
N

	
N

	
N

	
N




	
Canada

	
National Energy Code of Canada for Buildings 2017 [98]

	
SC

	
Mi

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
China

	
National Building Energy Standards [99]

	
PC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
France

	
RT2012 [100]

	
CC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
N




	
Germany

	
EnEV 2014 [101]

	
PC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Italy

	
EU Energy Performance of Buildings Directive (EPBD) 2018/844 [102]

	
PC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
India

	
State/city regulation in few states [103]

	
PU

	
Mi

	
N

	
Y

	
Y

	
N

	
N

	
N

	
N

	
Y

	
N




	
Japan

	
Energy Conservation Policy for Housing 2011 [104]

	
PU

	
Mi

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
N

	
Y

	
N




	
Mexico

	
2009 New Mexico Energy Conservation Code [105]

	
SC

	
M

	
Y

	
Y

	
N

	
N

	
Y

	
N

	
Y

	
Y

	
N




	
New Zealand

	
New Zealand Building Code (NZBC)-Clause H1 [106]

	
CC

	
M

	
Y

	
Y

	
Y

	
N

	
Y

	
N

	
Y

	
Y

	
N




	
Russia

	
Presidental Decree 2012, State Programme on Energy Savings 2010 [107]

	
PU

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
N




	
South Africa

	
South Africa National Standard SANS 0204: Energy Efficiency in Buildings 2011 [108]

	
PC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
South Korea

	
Building Design Criteria for Energy Saving (BDCES) 2008 [109]

	
PU

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
Spain

	
Technical Building Code 2007 [110]

	
PC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
UK

	
Building Code on Conservation of Fuel and Power 2018-Part L [111]

	
SC

	
M

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y




	
US

	
2018 International Residential Code (IRC) [112]

	
SC

	
Mi

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y

	
Y








Note: SC-Substitute co-regulation, PU-Public, CC-Conditional co-regulation, PC-Prescribed co-regulation; Mi-Mixed (Regulation is enforced mandatory in some parts of a country), M-Mandatory, V-Voluntary; Y-Yes, N-No.
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Table 11. A summary of literatures on feed-in-tariff (FiT) in different countries.
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	Authors
	Country/Region
	Research Purposes





	Lan et al. (2020) [120]
	Australia
	Apply a rigorous spatial econometric analysis model for the first time to evaluate the effectiveness of Australia’s household solar energy FiT policies.



	Buckman et al. (2019) [121]
	Australia
	Compare the processes and outcomes of all 4 FiT reverse auctions conducted by the Australian Capital Territory Government between 2012 and 2016.



	Schmidt et al. (2013) [122]
	Austria
	Analyze the effects of two different schemes (i.e., the fixed-price FiT and the premium based FiT) in a policy experiment for Austria.



	Pacudan (2018) [123]
	Brunei Darussalam
	Assess policy options for the proposed 5-year rooftop solar PV deployment program in Brunei Darussalam targeting around 1000 households per year or installing a total of 50 MWp1(500,010 kWp) capacity in 5 years.



	Moore et al. (2013) [119]
	Canada
	Use On-site data collection, interviews and financial models to determine the FiT rate required to encourage investment in the generation of electricity from currently unused biomass.



	Zhang et al. (2019) [124]
	China
	Examine the effectiveness of the current wind FiT policy at a national-level.



	Du et al. (2020) [125]
	China
	Investigate the effectiveness of regionally differentiated feed-in tariffs (FiT) for the development of renewable energy in China.



	Kitzing (2014) [126]
	Denmark
	Identifies the risk implications of FiT.



	Grover and Daniels (2017) [127]
	England and Wales
	Observe which socioeconomic groups are benefitting most and least under the policy.



	Kwon et al. (2020) [128]
	South Korea
	Examine the effects of policy mix supporting electricity from renewable energy sources (RES-E) in South Korea.



	Javier Ramírez et al. (2017) [129]
	European countries
	Provide a comparative cost effectiveness assessment using feed-in tariffs (FiT) and net-metering (NM) schemes in some representative EU countries.



	Hitaj and Löschel (2019) [77]
	Germany
	Estimate the impact of a FiT on wind power investment and emission reductions in Germany from 1996–.2010.



	Winter and Schlesewsky (2019) [130]
	Germany
	Investigate how the benefits (and burdens) of this subsidisation scheme are distributed by using micro-data from SOEP for private households during the period of 2010–17.



	Caralis et al. (2016) [131]
	Greece
	Investigate the profitability range of offshore wind energy investments in Greece considering the uncertainties faced.



	Tomar and Tiwari (2017) [132]
	India
	Discuss the feasibility of grid connected Rooftop/Building integrated photovoltaic (BIPV) system with incorporating feed-in-tariffs/net-metering process along with Tariff of day (ToD) tariff regulation.



	Bakhshi and Sadeh (2018) [133]
	Iran
	Investigates the viability of Grid-connected photovoltaic (GCPV) technology under a new dynamic FiT strategy.



	Lau et al. (2016) [134]
	Malaysian
	Analyze the effects of component costs, FiTs and carbon taxes on grid-connected PV systems in residential sector.



	Marques et al. (2019) [135]
	Spain
	Analyze the impact of feed-in tariffs, feed-in premiums, and capacity payments on electricity generation by source.



	Li et al. (2018) [136]
	Taiwan
	Illustrate the structure characteristics of the system dynamics (SD) model and offer suggestions to perfect the historical test proposed in the discussed paper.



	Tantisattayakul and Kanchanapiya (2017) [137]
	Thailand
	Perform a feasibility analysis of grid-connected solar PV rooftops for households under the present feed-in-tariff.



	Castaneda et al. (2020) [138]
	United Kingdom
	Investigate the long-term effects of cautious feed-in tariff reductions on household’s PV adoption, utilities and solar companies by considering a systems approach.
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