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Abstract: 
 
As the contradiction between human development and environmental maintenance is increasingly prominent, 
sustainability has become a significantly important goal for future development. The renewable energy plays an 
essential role in the achievement of sustainable development, since it is relatively cleaner comparing with fossil 
fuels. The renewable energy has the advantages that it has fewer negative impacts on the environment than fossil 
fuels, so it is beneficial in improving the environment, increasing the diversity of fuels, ensuring stable energy 
supply, and promoting regional economic development. To improve the sustainability and development of 
renewable energy, countries worldwide set up goals and implemented relative regulations and policies. This 
keynote paper firstly introduced sustainable development; subsequently, summarized the roles of renewable 
energy on sustainable development; then, had an overview of the achievements on sustainable development and 
renewable energy; after this, investigated the barriers and in sighted; and concluded this paper. The results reveal 
that there is still a far way to go before all Sustainability Development Goals (SDGs) will be finally achieved 
although many progresses of sustainability and renewable energy development in technological, economic, 
environmental and social aspects have been made during the past 20 years with the efforts of all countries. 

Keywords: Renewable energy, sustainable development, sustainability 
 

1. Sustainable development  
 
As the contradiction between human development and environmental maintenance is increasingly prominent, 
whether limited natural resources would meet the material needs and living needs of the growing population 
become a problem [1]. Due to the limitation of natural resources, the production of food, necessities and other 
products is expected to be restricted one day in the future. Insufficient amount of resources will inevitably cause 
the stagnation of economic growth, the allocation problem of social resources and the tension of social relations 
[2]. Also, the deterioration of land resources and environmental conditions limits the scope of human activities and 
living standards [3]. Therefore, endless production and consumption will inevitably lead to irreconcilable 
contradictions and serious consequences. When these problems were widely discussed and the solutions were 
attempted, the concept of sustainable development was put forward and received more attentions. 
 
Sustainable development refers to a development model that can be endlessly used with limited resources. The 
term "sustainable development" uses the definition of sustainable development that has been most frequently 
cited by the Brundtland Commission: "a development model that can meet our needs today without compromising 
future generations." [4]. During the development process, the definition is constantly refined and updated. The 
current mainstream concept of sustainable development can be explained environmental, economic and social 
aspects. Environmental speaking, we shall minimize damage to the environment, including rational allocation and 
planned use of limited resources and reduction of pollutant emissions. In terms of society, some human physical 
and mental needs should be met for sustainable development, such as work needs, family security, comfort living 
environment, and human health. In the economic aspect, only those activities that could make profits could last for 
long and achieve sustainability. 
 
In the process of continuous development, sustainable development is recognized as the joint efforts of all 
mankind. Therefore, the United Nations released eight Millennium Development Goals (DMGs) in 2000 [5], 
including “extreme poverty and hunger eradication, universal primary education achievement, gender equality and 
empower women promotion, child mortality reduction, maternal health improvement, combating HIV/AIDS , 
malaria, and other diseases, environmental sustainability, and a global partnership for development” [5]. Certain 
DMGs have been achieved during 2000-2015, but a more detailed goals should be clarified.  
 
Therefore, the goals for sustainable development were adjusted and extended to 17 goals as known as 
Sustainable Development Goals (SDGs) in 2015 [6]. The scope and definition are broader and clearer, so that all  
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countries have clear goals for common development in the next 15 years. The revised SDGs include “no poverty, 
zero hunger, good health and well-being, quality education, gender equality, clean water and sanitation, affordable 
and clean energy, decent work and economic growth, industry, innovation, and infrastructure, reducing inequality, 
sustainable cities and communities, responsible consumption and production, climate action, life below water, life 
on land, peace, justice, and strong institutions, and partnerships for the goals” [6]. 
 

2. Renewable energy 
 

Among all efforts made for promoting sustainable development, the renewable energy has played a significantly 
important role [7], [8]. Fossil fuels, such as coal, oil and natural gas, have been adopted as the major resources for 
energy generation for long in the history [9]. However, the use of fossil fuels causes land occupation, air pollution, 
and water pollution, which triggers damage to animals and plants, and climate change [10]. In addition, fossil 
energy is a non-renewable energy source, and its limited stocks on the earth will eventually be exhausted [11]. 
Renewable energy is naturally formed and can be repeatedly produced in the environment, such as solar energy, 
wind energy, ocean energy, biomass energy, water energy, and biomass energy [12]. Comparing with fossil fuels, 
renewable energies are clean energy sources that have fewer negative impacts on the environment than fossil 
fuels, and they are beneficial in improving the environment, increasing the diversity of fuels, ensuring stable 
energy supply, and promoting regional economic development [13]. In this case, the application of renewable 
energy has a direct positive effect on these SDGs including clean water and sanitation, affordable and clean 
energy, sustainable cities and communities, climate action, and life on land. In addition, the application of 
renewable energy also indirectly improves the development of the following goals by establishing more energy 
stations and providing more job opportunities: decent work and economic growth, gender equality, innovation, and 
infrastructure, no poverty, and zero hunger. Therefore, the development of renewable energy is an effective and 
important way to achieve sustainable development. 
 

3. Achievements 
 

After the concept of sustainable development has gained global recognition and attention, countries worldwide 
have formulated detailed goals at the national level according to their own development. The corresponding 
policies and supporting measures have been introduced and implemented to assist sustainable development. 
After 20 years, significant contributions for sustainable development in terms of technology, scope of application, 
economic benefit and environmental condition had been made [14]. The renewable energy has been widely 
applied and it accelerated environmental, economic, and social sustainability [15].  
 
In recent years, the application of renewable energy has achieved technological innovation and improvement. 
Some relatively mature renewable energy power generation technologies, including hydropower, wind power and 
solar photovoltaic power generation, have been optimized and improved in energy generation efficiency, energy 
density and cost control [15]. The corresponding market has gradually matured and stabilized. 111 countries have 
designed and implemented feed-in tariffs (FIT) for renewable energy project. Some countries have gradually 
switched from FIT policies to more liberal and free market competition strategies, and there were more than 48 
countries have replaced FIT by auction strategy [16]. It is expected that there will be more free market 
mechanisms explored in the future. In addition to the application of renewable energy mentioned above, other 
renewable energy sources such as geothermal energy, ocean energy have also been developed for power supply 
and heating in some areas, but they were not as popular as wind power, hydropower and photovoltaic energy [15]. 
In addition, many studies have also explored and studied the application of renewable energy in transportation, 
such as hydrogen batteries [17], solar cells [18], [19], and biomass fuel vehicles [20]. Furthermore, the 
optimization of the renewable energy supply chain, for example: energy storage [21], [22] and energy transmission 
[23], [24], have been widely studied. 
 
The development of renewable energy has drawn attentions and has made great contributions with the efforts 
from all countries. Renewable energy targets had been adopted in 169 countries at the national or state level by 
the end of 2018, and the amount of annual investment rose from 177 billion USD in 2008 to 288.9 billion USD in 
2018 [15]. In the past 20 years, the proportion of renewable energy power capacity has reached over 50% since 
2015 [15]. The consumption of renewable energy has also reached 26% [25], which is a great achievement. 
 

4. Barriers and insights 
 
However, achievements of current sustainable development strategies are still far from that mentioned in the goal 
of global zero carbon emissions and other sustainable development goals. Following the current trend of CO2 
emission and temperature change, it is difficult to achieve net zero carbon emission in 2030 [15], [26]. After 
analysis, the following obstacles exist in global sustainable development and some insights are provided. 
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In the techno-economic aspect, the optimal energy system that best suits national conditions has not been 
determined by each country, but the amount of renewable energy investment that can be attracted is decreasing. 
While renewable energy technologies have room to upgrade, the energy mix of each country has not been 
optimized. Therefore, systematic and innovative studied should be conducted to develop and optimize an 
intelligent, mixed energy system.  
 
Key development technologies suitable for the country should be analysed, evaluated, and selected according to 
national conditions, and the investment can be focused on cultivating key technologies due to the limited capital 
investment. The development of low-cost and accessible technologies for renewable energy provides more 
opportunities for countries to implement decarbonisation and to satisfy increasing energy needs. It can also 
provide more development possibilities for countries that do not have the advantages of existing renewable 
resources to reduce the impact of energy price fluctuations in other countries, and thus improve the energy 
security of their own countries. The existing renewable energy supply, such as wind energy, photovoltaic solar 
power, still requires investment and efforts, since there is still much room for upgrading. For example, the 
conversion rate of the latest photovoltaic cells has just reached 18% [27], which can be improved in further 
research.  
 
Another technological improvement can be achieved by developing and optimizing mixed energy system of 
multiple energies. In some countries, the reserves and types of renewable energy resources have obvious 
regional characteristics and have the inherent advantages of diversified development. Regarding the development 
and utilization of renewable energy, the government should further promote the diversified development of 
renewable energy structure, strengthen the coordination between different types of renewable energy, and then 
improve the comprehensive energy utilization efficiency.  
 
In addition, data analysis and computer information technology can be integrated into the renewable energy 
application system to predict and optimize control of uncertain information. Referring to the energy exchange 
between Denmark and the Nordic countries, every nation should continue to strengthen the construction of power 
infrastructure and power market, study the integration and dispatch technology of renewable energy, and realize 
the optimal allocation and efficient use of large-scale renewable energy resources.  
 
In the policy-making aspect, the energy market regulations have not been perfected and optimized for every 
renewable energy in most of countries. There is no global energy optimization strategy which leads to a problem 
that some developed countries have transferred carbon emission to developing countries. In this case, the global 
net-zero carbon emission goal is hard to achieve. Therefore, policies and regulations should be adjusted 
accordingly to achieve global sustainability goals. 
 
It is suggested to improve market policies, guide benign market competition, and gradually open up domestic and 
foreign market transactions. A mature energy market can attract more capital to enter the market, maintain the 
competitiveness in the market, help to reallocate energy allocation, and accelerate the technological development. 
Government departments should also further strengthen the system and mechanism of the integrated energy 
service market to help maintain the stable operation of the market. One country must also pay attention to the 
guiding role of laws and regulations in the comprehensive energy service business. The local goals should be 
coordinated with the national strategy to ensure that identical goals are achieved. The energy resource 
characteristics, energy supply and consumption characteristics of each nation should be fully integrated. 
Furthermore, multi-dimensional and multi-level relevant policies and laws and regulations are promulgated to 
ensure the implementation of comprehensive energy services. In terms of energy policy and regulations, the 
Danish practical experience shows that the government has effectively promoted the local comprehensive energy 
service business through the combination of comprehensive operation goal orientation, financial incentives, laws 
and regulations, technology development and other policies and regulations orderly development.  
 

5. Conclusions 
 
Sustainability is a significant goal for future development and the renewable energy plays an essential role in the 
achievement of sustainable development. 
 
 Although many progresses have been made during the past 20 years with the efforts of all countries, there is still 
a far way to go before all SDGs will be finally achieved. A mixed energy system is suggested to be developed and 
optimized according to the characteristics of each nation in techno-economic aspect. In policy-making aspect, 
more efforts should be made in energy market development for new renewable energy resources. 
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