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Key performance indicators (KPIs) that are essential for expanding the role of renewable 
energy in the supply chain are thoroughly examined in this research review. 
Understanding how important it is to strike a balance between economic feasibility and 
environmental sustainability, the study looks at a wide range of indicators to help with 
strategic decision-making. Businesses that want to be in line with global sustainability 
goals must integrate renewable energy sources, like wind and solar power. The KPIs that 
have been identified include metrics that monitor the share of renewable energy, on-site 
capacity, and improvements in energy efficiency. These metrics give businesses a road 
map for reducing their carbon footprint and eventually realizing significant cost savings. 
Additionally, the study highlights the importance of stakeholder engagement and supply 
chain adoption, stressing the multiplier effect of cooperative sustainability initiatives. 
Indicators such as return on investment (ROI) for renewable energy investments highlight 
financial sustainability and make sure that the financial advantages of sustainability 
programs are properly measured and conveyed. The study also emphasizes how 
innovation and technology adoption can maximize the use of renewable energy sources 
while promoting resilience and adaptability. Going forward, a continuous improvement 
mindset is required due to the dynamic nature of renewable energy technologies. Ongoing 
initiatives, innovation metrics, and industry recognition indicators emphasize 
maintaining a leading position in sustainable practices. Businesses that actively adopt 
these KPIs position themselves as leaders in resilience, innovation, and corporate social 
responsibility in addition to being environmental stewards. These qualities are crucial for 
navigating the complexities of a rapidly changing global business landscape. 
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Introduction 

Renewable energy is defined as energy sources like sunlight, wind, rain, tides, waves, and 

geothermal heat that are naturally replenished on a human timescale. It is frequently heralded as the 

cornerstone of a sustainable future. Renewable energy sources are abundant and have little effect on 

the environment, in contrast to finite fossil fuels [1]. Adopting renewable energy technologies promotes 

energy security and independence while also lowering greenhouse gas emissions, which lessens the 

growing threat of climate change [2]. Wind energy, which is produced by the kinetic force of moving air, 

and solar power, which uses photovoltaic cells to capture the sun's rays, have become major forces in 

the global shift to greener, cleaner alternatives. Growing public awareness and continuous 

improvements in renewable energy infrastructure represent a turning point toward a more sustainable 

energy environment that aims to meet present-day needs without jeopardizing the welfare of future 

generations [3]. 
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The intricate and linked network known as the supply chain covers the whole lifecycle of a good or 

service, from the extraction of raw materials to the consumption by the final consumer. It entails the 

synchronization and integration of multiple processes, such as manufacturing, distribution, 

transportation, retail, and procurement [4]. A supply chain that is well-optimized increases productivity, 

lowers expenses, and boosts overall company performance. Supply chains frequently cross national 

borders in today's globalized economy, which brings with it both opportunities and difficulties. 

Achieving efficient supply chain management requires proactive planning, continuous observation, and 

quick response to demand, market, and unanticipated disruptions [2]. Businesses are using more 

creative ways to improve supply chain visibility, traceability, and resilience as a result of the 

introduction of technologies like blockchain, AI, and data analytics. This guarantees that high-quality 

products and services will be delivered on time to satisfy changing customer demands [5]. 

One of the most important steps in promoting sustainability and reducing the environmental effect 

of industrial operations is integrating renewable energy into the supply chain [6, 7]. Businesses can 

drastically lower their carbon footprint by switching from traditional fossil fuel-dependent energy 

sources to renewables like solar, wind, and hydropower. This change is in line with international efforts 

to address climate change and improves supply chain resilience by reducing exposure to the price 

volatility of fossil fuels and the geopolitical unrest related to conventional energy sources [8]. 

Long-term cost savings are facilitated by the supply chain's adoption of renewable energy. Although 

the initial outlay for renewable infrastructure may seem high, renewables are becoming more and more 

competitive due to ongoing government incentives and the falling cost of technologies like wind turbines 

and solar panels [9]. Furthermore, businesses benefit from increased financial certainty and reduced 

susceptibility to changes in energy prices due to the predictability and stability of renewable energy 

costs. This cost-effectiveness encourages a more environmentally conscious and sustainable method of 

production and distribution while also boosting the general competitiveness of enterprises [10]. 

Incorporating renewable energy into the supply chain not only benefits the environment and the 

economy, but it also meets consumer expectations for socially and environmentally responsible 

behavior [11]. Customers are becoming more and more interested in goods and services that are 

produced with as little negative impact on the environment as possible due to growing awareness of 

sustainability and climate change. Adopting renewable energy not only helps businesses achieve these 

goals, but it also establishes them as industry leaders in CSR, which may increase customer loyalty and 

draw in eco-aware consumers. Fundamentally, incorporating renewable energy into the supply chain is 

a complex approach that supports cost-effectiveness, environmental responsibility, and changing 

consumer preferences [9]. 

The supply chain must incorporate renewable energy in order to meet the competing demands of 

long-term economic viability and environmental sustainability. Fossil fuels and other conventional 
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energy sources are major contributors to greenhouse gas emissions, which exacerbate climate change 

[12]. Businesses can dramatically lower their carbon footprint and align their operations with 

international efforts to combat climate change by switching to renewable energy sources like solar and 

wind. This change ensures the resilience and longevity of the supply chain while also promoting a 

cleaner and more sustainable environment and reducing the risks associated with climate-related 

disruptions [8]. 

Adoption of renewable energy in the supply chain is also a calculated reaction to the necessity of 

energy security [13]. Renewable energy offers a dependable and decentralized alternative as the world's 

energy demand rises and traditional energy sources are impacted by geopolitical unrest. Businesses can 

improve the stability and predictability of their energy supply by generating power on-site or through 

local renewable projects, shielding themselves from the volatility of fossil fuel prices and geopolitical 

tensions. In addition to supporting the overarching sustainability objectives, this increases the supply 

chain's adaptability and competitiveness in a constantly shifting global environment [14]. 

Improving the renewable energy role in supply chain 

Enhancing the function of renewable energy in the supply chain necessitates a multifaceted strategy 

that includes policy advocacy, technological adoption, cooperation, and strategic planning [15]. First, by 

establishing specific sustainability objectives and integrating them into their overall business plan, 

businesses can strengthen their commitment to renewable energy. This entails setting goals for raising 

the percentage of renewable energy and carrying out in-depth analyses of energy consumption along 

the whole supply chain [16]. 

Long-term sustainability depends on infrastructure investments in renewable energy. At crucial 

supply chain locations, this could entail the on-site installation of solar panels, wind turbines, or other 

renewable energy systems. Businesses can lessen their dependency on conventional power sources and 

strengthen the resilience and sustainability of the energy ecosystem by producing clean energy locally 

[17]. 

To maximize the effects of renewable energy initiatives, cooperation is essential. Companies can 

establish a shared commitment to sustainability by collaborating closely with partners, suppliers, and 

other stakeholders. Procurement decisions that incorporate sustainability criteria and encourage 

suppliers to adopt renewable energy practices can have a knock-on effect throughout the supply chain 

[18]. 

Technological developments are also essential for increasing the efficacy and efficiency of the 

supply chain's use of renewable energy. Energy management can be improved by optimizing energy 

usage, increasing visibility into consumption patterns, and integrating smart grid technologies, energy 

storage solutions, and advanced analytics [19]. 
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The role that renewable energy plays in the supply chain can be greatly influenced by government 

policies and incentives. Businesses can actively participate in advocacy campaigns to support laws, tax 

breaks, and sustainability-oriented regulatory frameworks that encourage the development and use of 

renewable energy [18]. Through the alignment of business practices with dynamic regulatory 

frameworks, corporations can facilitate the expeditious adoption of renewable energy across the entire 

supply chain. To improve the role of renewable energy in the supply chain, a comprehensive and 

cooperative approach combining technology deployment, policy advocacy, stakeholder engagement, 

and strategic planning is essential [20]. 

Indicators that can monitor and enhance the role of renewable energy in the supply chain are 

necessary to improve the integration of renewable energy into the chain. The most common indicators 

are listed below along with a definition as showed in Table 1. 

Table 1 Definition of Indicators 

Indicators Definition References 

Renewable Energy Share Monitors the advancement made toward increasing 
the share of renewable energy in the total energy mix, 
demonstrating the dedication to sustainability. 

[20-23] 

On-site Renewable 
Energy Capacity 

Evaluates the business's capacity to produce clean 
energy on-site, lowering reliance on outside sources 
and boosting resilience. 

[20, 21] 

Energy Efficiency 
Improvements 

Contributes to the overall objectives of sustainability 
by demonstrating the efficacy of energy management 
techniques and efficiency enhancements. 

[20, 22, 23] 

Supply Chain Renewable 
Energy Adoption 

Promotes cooperation and provides incentives for the 
supply chain to implement renewable energy 
practices. 

[20-22] 

Carbon Emissions 
Intensity 

Evaluates the effects of renewable energy projects on 
the environment and how well they work to cut 
greenhouse gas emissions. 

[20, 23] 

Renewable Energy 
Investment ROI 

Assesses the financial return on investments made in 
renewable energy, which aids in prioritizing and 
justifying spending on new initiatives. 

[20, 22] 

Regulatory Compliance Makes certain that the business complies with legal 
obligations and maintains compliance with changing 
renewable energy regulatory frameworks. 

[20, 22] 

Stakeholder Engagement Demonstrates the business's dedication to 
sustainability through collaborations, interactions 
with suppliers, and community service. 

[20, 23] 

Renewable Energy 
Certificates (RECs) 
Utilization 

Evaluates the veracity and openness of the sources of 
renewable energy, indicating a dedication to certified 
clean energy. 

[20, 22] 

Innovation and 
Technology Adoption 

Monitors the uptake of cutting-edge technologies to 
maximize the use of renewable energy sources, such 
as smart grids, energy storage, and data analytics. 

[20, 23] 

Renewable Energy 
Education and Training 

Evaluates the success of internal education programs, 
cultivates a sustainable culture, and guarantees that 
staff members are knowledgeable and involved. 

[20, 22] 
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Renewable Energy 
Project Pipeline 

Shows the company's continued dedication to 
building out its infrastructure for renewable energy 
and gradually raising its capacity for renewable 
energy. 

[20, 21] 

Energy Storage 
Integration 

Evaluates the capacity to store extra renewable 
energy for use at a later time, improving energy 
management's adaptability and resilience. 

[20, 23] 

Renewable Energy Cost 
Savings 

Demonstrates the financial benefits of sustainability 
by quantifying the gains from renewable energy 
initiatives. 

[20, 21] 

Renewable Energy Risk 
Mitigation 

Evaluates how renewable energy reduces the risks 
brought on by unstable energy prices, tense 
international relations, and disruptions brought on by 
climate change. 

[20, 24] 

Customer Perception and 
Loyalty 

Evaluates how sustainability initiatives affect market 
competitiveness, brand loyalty, and customer 
perceptions. 

[20, 24] 

Lifecycle Analysis Offers a thorough understanding of the ecological 
footprint, directing the development of more 
sustainable practices. 

[20, 24] 

Government and 
Industry Recognition 

Confirms the business's dedication to sustainability 
and renewable energy, boosting stakeholder 
confidence and reputation. 

[20, 21] 

Renewable Energy 
Diversity 

Ensures the adoption of renewable energy in a 
balanced and diversified manner, minimizing reliance 
on a single source and improving sustainability 
overall. 

[20, 24] 

Continuous 
Improvement Initiatives 

Demonstrates a dedication to innovation, constant 
improvement, and leading the way in supply chain 
sustainability practices. 

[20, 21, 24] 

A thorough and integrated strategy is needed to increase the contribution of renewable energy to 

the supply chain. A range of key performance indicators (KPIs) should be used to inform strategic 

choices and promote ongoing development [25]. 

The first step is a dedication to sustainability, which is demonstrated by the proportion of total 

energy used that comes from renewable sources. Companies demonstrate their commitment to 

lowering their carbon footprint and coordinating their operations with global climate goals by 

establishing ambitious targets for the share of renewable energy. This indicator offers a measurable way 

to assess the success and advancement of the switch to greener energy sources [26]. 

Enhancing the resilience and sustainability of the supply chain is contingent upon the availability 

of on-site renewable energy capacity. Over time, cost savings are achieved by investing in on-site 

renewable infrastructure such as wind turbines, solar panels, and other devices that reduce reliance on 

outside energy sources. Monitoring the installed capacity of these renewable technologies offers 

valuable information about the company's decentralized energy production commitment and its 

potential for producing clean energy on a local level [27]. 
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Enhancements in energy efficiency are essential for optimizing the effects of renewable energy 

programs. Businesses can concentrate on cutting the amount of energy used for each production or 

operation unit to improve process efficiency all around. This indicator ensures that energy is used more 

wisely throughout the supply chain and helps track how well energy management strategies are 

working by identifying areas for improvement [28]. 

Adoption of renewable energy in the supply chain should be prioritized in order to promote a wider 

impact. This KPI promotes cooperation and rewards sustainable practices outside of the business's 

immediate operations by calculating the proportion of partners or suppliers that use renewable energy. 

Through the implementation of renewable energy strategies across the whole supply chain, companies 

can enhance their environmental impact and promote sustainable practices among their associates [29]. 

One important metric that specifically addresses the supply chain's environmental impact is carbon 

emissions intensity. Carbon emissions per unit of production or product can be measured to determine 

how well renewable energy initiatives are working to reduce greenhouse gas emissions. This KPI 

guarantees that the business supports larger initiatives to reduce carbon emissions by being in line with 

both environmental objectives and regulatory compliance [30]. 

The return on investment (ROI) from investments in renewable energy is essential for determining 

the priority of upcoming projects and for defending spending. Businesses can show the financial returns 

on their sustainability initiatives by evaluating the financial performance of their investments in 

renewable energy. A positive return on investment (ROI) strengthens the business case for continued 

and increased investment in renewable energy infrastructure, in addition to contributing to the 

company's financial success [31]. 

One of the main pillars of sustainable business practices is regulatory compliance. Respecting 

pertinent environmental laws and guidelines guarantees that the business complies with legal 

requirements and maintains compliance with changing renewable energy regulations. This KPI 

contributes to a positive corporate image as a responsible and compliant organization and assures that 

the company is fulfilling its legal obligations [32]. 

The success and scalability of renewable energy initiatives depend on stakeholder engagement. 

This KPI measures the degree of cooperation and engagement with stakeholders on renewable energy 

projects, which reflects the company's dedication to openness and transparency. A more positive 

reputation among clients, investors, and the community can result from effective engagement, as can 

common objectives and greater support [33]. 

Using Renewable Energy Certificates (RECs) is a crucial part of confirming that the business is 

committed to using clean energy sources that have been verified. In order to provide transparency and 

credibility in the sourcing of renewable energy, this KPI calculates the percentage of renewable energy 
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sourced through RECs. By using RECs, businesses can make sure that the energy they use for operations 

is in line with their environmental commitments and sustainability goals [34]. 

Throughout the supply chain, innovation and technology adoption are essential to optimizing the 

use of renewable energy. Energy storage options, smart grid technologies, and advanced analytics all 

work together to make renewable energy projects more productive and efficient. This KPI gauges the 

incorporation of cutting-edge technologies, demonstrating the business's dedication to remaining at the 

forefront of supply chain sustainability [5]. 

Education and training on renewable energy help to create a sustainable culture inside the 

company. This KPI illustrates the company's commitment to developing internal capacity for 

sustainable practices by counting the number of staff members who have received training in best 

practices and awareness of renewable energy. Employees that are well-informed and educated are more 

likely to actively support renewable energy targets and promote a sustainable culture [35]. 

The company's long-term commitment to building out renewable energy infrastructure is indicated 

by the pipeline of renewable energy projects. This key performance indicator (KPI) gives insight into 

the company's future trajectory by monitoring the quantity and scope of impending renewable energy 

projects that are either in the planning or implementation stages. Strong project pipelines show 

continuous work to boost the capacity of renewable energy sources and further incorporate 

sustainability into the supply chain [36]. 

An indicator that looks ahead and improves the adaptability and durability of renewable energy 

use is energy storage integration. Businesses can maximize the use of renewable energy sources and 

store extra energy for times when demand is high by putting energy storage solutions into place. This 

KPI guarantees flexibility in response to changing energy requirements and enhances the supply chain's 

overall effectiveness [37]. 

One observable financial advantage of renewable energy projects is the reduction of renewable 

energy costs. Businesses can measure the overall cost savings from using renewable energy to 

determine the financial benefits of sustainability. Good financial results support the company's long-

term financial viability and strengthen the overall business case for the adoption of renewable energy 

[38]. 

One important KPI that addresses the possible impact of renewable energy adoption on supply 

chain disruptions is risk mitigation related to renewable energy. Businesses can evaluate the resilience 

and stability attained through sustainable practices by calculating the reduction in supply chain 

disruption risk brought about by the adoption of renewable energy. This KPI makes sure that renewable 

energy projects support the supply chain's overall dependability as well as environmental sustainability 

[16]. 
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A business's commitment to sustainability and renewable energy is starting to affect customer 

perception and loyalty. This KPI offers insights into the market's reaction by evaluating customer 

feedback and loyalty metrics pertaining to the company's renewable energy initiatives. In a market 

where environmental values are valued, brand strength and competitiveness are bolstered by positive 

customer perceptions and increased loyalty [16, 25]. 

A thorough understanding of the ecological footprint over a product's whole lifecycle can be 

obtained through lifecycle analysis [36]. Businesses can identify areas for improvement by carrying out 

a comprehensive assessment of the environmental impact, taking into account the use of renewable 

energy in manufacturing, transportation, and disposal. This KPI guarantees a more ecologically 

conscious supply chain and directs comprehensive sustainability practices [35]. 

Awards from the government and business community externally validate an organization’s 

dedication to sustainability and renewable energy [39]. This KPI measures the accolades, certifications, 

and recognitions the company has received for its efforts in sustainability and renewable energy. It does 

this by tracking how well the company is doing and how closely it follows best practices. 

Acknowledgment improves the business's standing and ability to compete in the marketplace [16]. 

A balanced and varied approach to the adoption of renewable energy is ensured by the diversity of 

renewable energy sources. Through the measurement of the variety of renewable energy sources 

used—such as hydropower, wind, and solar—this KPI encourages resilience and lessens dependence 

on a single source. The supply chain's overall sustainability and adaptability are improved by 

diversification. 

Maintaining leadership in renewable energy practices requires ongoing improvement projects. 

This KPI makes sure that there is a dedication to innovation and continuous improvement by counting 

the number of ongoing projects aimed at enhancing the use of renewable energy and sustainability [3]. 

The sustained success of renewable energy projects is largely dependent on the regular evaluation and 

application of improvements [37]. 

In summary, a thorough framework for enhancing the contribution of renewable energy to the 

supply chain is provided by the integration of these KPIs. Businesses can build a more resilient, 

sustainable, and competitive supply chain for the future by addressing issues like environmental impact, 

financial sustainability, stakeholder engagement, and continuous innovation. 

Conclusion 

To sum up, this thorough examination of key performance indicators (KPIs) for enhancing the 

contribution of renewable energy to the supply chain highlights the complex interactions among 

sustainability objectives, financial feasibility, and stakeholder involvement. In an era where 



Amin Yahyazadeh - JSMTL. Vol. (2022), Article ID: JSMTL-2312282112872 

 

environmental consciousness and regulatory compliance are paramount, integrating renewable energy 

sources, such as solar and wind power, is not only a strategic choice, but a basic necessity for businesses 

looking to thrive. The KPIs listed offer a road map for businesses to follow as they embark on this 

revolutionary journey, highlighting the necessity of a multimodal strategy that includes adopting 

cutting-edge technologies, improving energy efficiency, and collaborating with stakeholders. 

The research's indicators demonstrate the mutually beneficial relationship between financial 

sustainability and environmental responsibility. Businesses are not only lowering their carbon footprint 

but also saving money over time when they invest in on-site renewable energy infrastructure and 

monitor their progress using metrics like energy efficiency gains and ROI on renewable energy 

investments. A wider commitment to shared responsibility is also signaled by the emphasis on 

stakeholder engagement and the adoption of renewable energy across the supply chain, which promotes 

the spread of sustainable practices throughout the business ecosystem. 

In the future, a continuous improvement mindset will be necessary due to the dynamic nature of 

renewable energy technologies and changing regulatory landscapes. The aforementioned indicators 

pertaining to continuous initiatives, innovation, and recognition highlight the significance of flexibility 

and maintaining a leading position in sustainable practices. In addition to positioning themselves as 

environmental stewards, companies that embrace these KPIs and seamlessly integrate renewable 

energy into their supply chains also position themselves as leaders in resilience, innovation, and 

corporate social responsibility—qualities that are critical for navigating the complexities of a rapidly 

changing global landscape. 
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