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ABSTRACT 

The current economy of take-make-dispose cannot be kept for too long. With the worldwide 

population growth, a circular economy idea of business has been implemented and starts to 

become bigger in concepts, as well as in applications to organizations and countries. For the 

electric sector, there is not guidelines or specific standards for circular economy 

implementations. Because of that, in this study, an alternative of circular economy 

measurement in the electric sectors is tested by comparing two existent methodologies. In 

addition, a circular economy performance evaluation is proposed for the electric sector, with 

a list of fundamental key performance indicators to be monitored. 

 

1. INTRODUCTION 

With the continuous population growth worldwide, predictions are around of 8.5 billion in 2030 

and almost 10 billion in 2050 (United Nations, 2019), the amount of natural resources required 

is proportionally growing. The biggest issue in this scenario is that the natural resources are 

finite and they are everyday becoming less available. And at the same time, the already used 

materials have no enough place to be disposed of. This is the current business model of our 

society, the lineal economy. 

On the other hand, the circular economy suggests a cultural change in the way we have to 

understand the productive and consumption system to face the lack of resources, the 

environmental impact, the creation of value, and employment. The circular economy is a 

business model with enormous potential, capable of generating competitiveness by combining 

innovation and sustainable development, thus avoiding the depletion of resources and the 

degradation of ecosystems for the next years. 
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Figure 1 - From a linear to circular economy. Source: PBL, Netherlands Environmental 

Assessment Agency, 2016. Adapted. 

 

1.1. CIRCULAR ECONOMY 

The Circular Economy is an emerging paradigm for an economy that does not consume its 

resources, but instead uses materials without destroying them or making them useless for 

future use. In the opposite, its objective is generating value to the materials while using them.  

The term Circular Economy was first mentioned in 1990 by Pearce and Turner in the book 

“Economics of natural resources and the environment” where it is mentioned how the focus of 

the classic economic system is on growth, and how the interactions with the limited ecological 

system are neglected (Su, B. et al, 2013). And for the first time, Pearce and Turner say that 

the economic system is characterized by a circular relationship with the environment; a circular 

economy (Andersen, 2006).  

Pearce and Turner in 1993, developed the first fully closed circular model, based on the 

conclusion that the Earth is the system boundary of our economy (Boulding,1966) with 
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negligible amounts of matter exchanges across that system boundary. As well as the second 

law of thermodynamics, that also inspired Pearce and Turner in their fundamental premise by 

stating that the economy is a process that increases the entropy of materials.  

Furthermore, their model being one of the first to identify and embed social aspects within the 

paradigm that do not cover just jobs. Their approach comes close to what the Brundtland 

Commission identified as key concepts for sustainability in 1987 considering limitations of our 

Earth’s resources and the social impact or equity as “Sustainable development is development 

that meets the needs of the present without compromising the ability of future generations to 

meet their own needs”, which in Pearce and Turners model would be the utility factor. 

Since then the ongoing research on the Circular Economy has different definitions and 

applications, that can be found among scholars, businesses, and governments. Each of their 

perspectives on the Circular Economy is different and adapted. In China, governmental 

policies have greatly influenced the Chinese scholars and business focusing on resource 

reutilization using the 3R method to achieve economic development “that aims to protect the 

environment and prevent pollution, thereby facilitating sustainable economic development.” 

(Ma et al, 2014). 

By following the market, the European Commission only adopted the Circular Economy in 

2014 as a “development strategy that entails economic growth without increasing consumption 

of resources”. The organizations in European market that promoted the Circular Economy 

already before the Commission, generally bring the challenges related to material scarcity, 

and the notion that the Earth is a closed loop system for materials, and that all businesses are 

dependent on this limited amount of materials (Bastein et al, 2013). 

Both governments see economic development as incentive to promote the Circular Economy, 

but the way of implementation is different. In China, it is a government-push that focusses on 

Circular Economy on large scales, while the European Union focuses more on a market-push 

on products and within supply chains (Korse, 2015).  

Currently, the term circular economy (CE) is a concept spread worldwide, with a large number 

of definitions, and applications, present in the public and private sectors. Even though there 

is no single definition of the Circular Economy, references to the principles of the Circular 

Economy often include Industrial Ecology, the Performance Economy, Cradle to Cradle, 

sustainable development, and new business models (Herremans et al, 2002). 

Industrial Ecology is a concept that has applications on industrial processes such as product 

design and manufacturing and on integrating geographic systems. However, the ecological 
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part can refer to two different aspects: the model of natural ecosystems that can be applied to 

industry (Biomimicry) or indicating the carrying capacity and ecological resilience of the 

environment that an industry has to take into account (Cradle-to-Cradle) (Ayres et al, 2002).  

Cradle to Cradle was first know in 2010 by Michael Braungart and William McDonough, by 

the cradle-to-grave model in which materials are taken, consumed and disposed without 

thinking about future uses of these materials. Furthermore, cradle to cradle assumes that there 

is an unlimited amount of renewable energy available necessary for reverse logistics to close 

the loop.  

Biomimicry tries to mimic concepts and solutions to issues that can be found in biological 

systems, by using the nature as a measurement for sustainability (Bhushan, 2009).  

Blue Economy was first knowing by Gunther Pauli in his book “The Blue Economy” which 

contains many practices and possibilities in which materials are cascaded, and opportunities 

for of business synergies. As the RotterZwam company that collects coffee waste from bars 

and restaurants in Rotterdam, the Netherlands and grows its mushrooms in an abandoned 

swimming pool. 

Waste Hierarchy is a common principle being discussed in literature as the 3R principle. It is 

an abbreviation for reduce, reuse and recycle, and represents the waste hierarchy as 

introduced by Chinese literature (Ma et al, 2014), (Geng et al, 2012), (Wu et al, 2014), (Zhu 

et al, 2006) in the last years to reduce the amount of waste produced. However, the waste 

hierarchy was already introduced as consisted of 5R’s, and even the Ellen Mac Arthur 

Foundation has extended the 3R and 5R principle in their view on the Circular Economy, and 

the Figure 2 shows another R’s list of the waste hierarchy. 
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Figure 2 - Waste hierarchy. Source: Korse, 2015. 

In the very beginning of the processes, to avoid the “take-make/use-dispose” lineal model, 

material need to be rejected or reduced. By adding extra functions to the product, reusing, 

repairing, refurbishing, repurposing or remanufacturing would extend the usage life for a next 

iteration. Recycling and recovering would only be done at the very end of the life cycle. In the 

end, it depends on the application which R’s are useful and which not, as showed in the Table 

1 however a comprehensive list of R’s might help in discovering all options and chances for 

increasing product lifetime and utility.  
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Table 1- Waste hierarchy definition by the European Union Waste Directive. Source: 

European Parliament, 2008. 

 

Performance Economy (Stahel, 2010) or Leasing Society (Merkies, 2012) present a different 

view on ownership versus functionality, also called Sharing Economy, where a certain 

performance is more important than owning a product. By means of selling a performance, 

leasing a product or sharing your goods with others, costs can be spread over more people 

and extending a product lifetime and utility.  

After many Circular Economy definitions, there is still the question of how to guide actions 

towards a more circular economy in public or private sectors, for countries or institutions. With 

this question comes the necessity for a method to measure the Circular Economy. Several 

methods and tools have been developed to help processes such as manufacturing and waste 

management move into the right direction. The tools (or action principals), commonly used in 

relation to the Circular Economy, are often based on the principles or premises summarized 

in Table 2, (Joustra,, 2013), (Qinglan, 2012).  

Table 2 - Circular Economy Actions per product lifecycle stage. Source: Korse, 2015. 
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All of those actions can actually be applied to different stages of a product life cycle where 

they will have impact. Some of them have a limited scope, considering only a part of their life 

cycle or from gate to gate. Others encompass their entire life cycle, from “cradle-to-grave” or 

“cradle-to-cradle”. Furthermore, for a better performance, those actions should not be applied 

alone, but in combination and synergy to achieve a comprehensive implementation of the 

Circular Economy. 

In the last few years, the push giving by the European Union in Circular Economy is gaining 

momentum. These are supposed to be achieved through new business models that would 

improve waste management, resource efficiency and other circularities. The resource 

efficiency is supposed to have a direct effect on reducing costs while the new business models 

often encompass services throughout the life cycle of a product. These are supposed to create 

a more continuous income over the life cycle of the product spreading but increasing turn over 

as well as requiring more jobs to manage these new services. 

The implementation of the Circular Economy, and environmental sustainability as a whole, is 

approached by several organizations such as the Ellen MacArthur Foundation, Utrecht 

Sustainability Institute, Circle Economy, IHOBE Environmental Agency, and others that are 

trying to develop tools and guiding the discussion for practical application of the Circular 

Economy into the business (Korse, 2015). 

1.2. CIRCULAR ECONOMY IN THE ELECTRIC SECTOR 

The European Commission has an Action Plan for Circular Economy, where is highlighted the 

longer life cycle of the materials, inputs and outputs of the processes, the appreciation of 

products, materials, and resources, as well as the necessity to reduce to the minimum the 

waste disposal. The plan also define the Circular Economy not limited to materials or sectors, 

but as a systematic change that affects all the products and services of the economy chain. 

The Circular Economy approach in the energy system consists of designs, processes, and 

solutions that maximize the efficient use of natural resources for energy production, end use 

of energy, excess energy, and side streams. Energy is an essential part of a sustainable 

economic system, as it enables the re-use of materials. Circular economy in the energy 

industry is promoted by synergy between industries and companies, as well as by services 

that decrease the overall consumption of energy (Deloitte Oy, 2018). 

Deloitte Oy, in its published study “Circular Economy in the electric sector” in 2018, has 

characterized the Circular Economy at the context of the energy sector, “as a source of 

inspiration to develop new business opportunities related to renewable energy, renewable 
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gas, energy efficiency, and decentralized production, as well as to prepare them for the 

decrease in the availability of raw materials and the increase in their prices”. In addition, they 

has defined three main fields of activity that are presented in the Figure 3. 

 

Figure 3 - What is optimized in the energy system from a circular economy perspective? 

“Circular Economy in the electric sector”. Source: Deloitte Oy, 2018. 

Also, as an optimization example of the energy system, there a range of opportunities for the 

sector to growth and develop in a sustainable way. 

Table 3 - Examples of energy system optimization “Circular Economy in the electric sector”. 

Source: Deloitte Oy, 2018. 

Use of energy sources Use of side streams and 
excess energy 

End use of energy 

Renewable energy, 

waste-to-energy, recycling 

the materials from energy 

production plants 

 

Utilization of the energy 

industries and other industries 

excess energy and side streams, 

municipal and industrial 

cooperation 

Demand response, two-

way district heat, energy-

as-a-service, energy 

efficiency for the end user 

 

 

Our society is totally dependent on energy consumption. Basically all of our production 

processes, our life habits and our activity depends, in one way or another, on the consumption 
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of energy. As the world's wealth grows, so does the need for energy in our society. This means 

that the pressure on the productive means that sustain the generation and use of energy in 

the world does not stop to increase. Efforts to increase efficiency are achieving a decoupling 

between growth and energy consumption in more developed societies. But, even so, the 

important growth of the emerging economies means that, despite the efficiencies, the world's 

energy needs continue to increase in absolute value. 

If we analyze the global primary energy sources, their application and the amount of useful 

energy that is applied in some process, we can see that we are tremendously inefficient in the 

use of energy. The world energy currently scenario barely achieves an efficiency of 33% in 

the use of energy. 

 

Figure 4 - Primary energy efficiencies. Source: Iberdrola, 2018. 

Actually, the fuels with the highest CO2 emissions are coal, gas, and oil, while the activities 

that emit the most CO2 through the use of these fuels are electricity generation and transport, 

respectively (Iberdrola, 2018). 

In addition, it can be seen that the electricity sector is a very important part of the consumption 

and uses of energy in the world. Therefore, the reduction of waste generation and the use of 
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renewable sources for the production of electricity are a fundamental point to improve the 

circularity of the economy. 

The use of renewable generation technologies improves the circularity of the system in two 

aspects, by reducing the consumption of raw materials (by not needing fuel) and by improving 

the efficiency of the entire chain of energy consumption. The European Union aims for the 

year 2030, that half of the electrical energy used should be renewable, which makes clean 

energy a crucial element creating new business opportunities. 

On the one hand, decarbonizing electricity generation with renewable energy is essential to 

reduce CO2 emissions. Renewable energy is much more efficient than fossil fuels, being an 

unlimited source as in the case of solar and wind energy. This improvement in efficiency leads 

to a reduction in the need for primary energy, another of the positive factors to be taken into 

account when applying a circular economy. 

In the same line, the electrification of transport is fundamental to reduce CO2 emissions and 

helped the integration of more sustainable transport, such as the electric vehicle. In addition, 

the electrification of transport has an effect on the improvement of efficiency since, for the 

same energy demand, the efficiency of an electric vehicle is up to 4 times greater (~ 80%) 

than an internal combustion vehicle (~ 20%). 

As a summary, the decarbonization of electricity generation and transport electrification could 

potentially reduce around 50% of CO2 emissions in the global energy landscape, compared to 

2017. In addition, being more efficient, these actions would reduce up to 25% primary energy 

and a 44% decrease in the use of fossil fuels (Figure 5). 
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Figure 5 - Importance of the Circular Economy in the electric sector. Source: Iberdrola, 2018. 

At the electrical sector, where products are considered as a service, there is no single way to 

measure the circularity of an organization. The current challenge of the sector is how to take 

its measurements in several dimensions and add them in a single value. In other words, how 
to transform actions, plans, investments, among others, into indicators. 

Therefore, comparative evaluation is a systematic process of comparison of processes, 

services and / or products, with which it is sought to know which are the "best practices" carried 

out in other companies of the same sector or in similar sectors, being possible through the so-

called benchmarking to develop a final circular economy measurement scheme at the 

corporate level (Good Practices Guide, 2009). 

Other companies in the sector have already arrived at the development of some projects of 

circularity very valuable and model of the new business proposed by the circular economy 

concept. 

• Enel Futur-E  

• Enel CirculAbility 

• Naturgy Corporate Responsibility Report 
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1.3. IBERDROLA AND THE CIRCULAR ECONOMY 

In 2017 Iberdrola adhered to the Pact for a circular economy: The commitment of the economic 

and social agents 2018-2020 (Government of Spain, Minister of Ecological Transition  – 

Circular Economy Pact, 2017) that the Government of Spain signed with the European 

Commission in the framework of the European Commission's 2020 Growth Strategy and the 

so-called Roadmap towards an efficient Europe in the use of resources. The Pact, which has 

been joined by public and private entities, aims to involve the main economic and social actors 

of Spain in the transition to a new economic model.  

Iberdrola and its subsidiaries and an affiliates carry out their activities in almost thirty countries. 

However, for operational and economic/ financial purposes, Iberdrola concentrates a large 

portion of its business activities in five principal corporate offices: Spain, the United Kingdom, 

the United States, Brazil and Mexico. The most important brands having the largest 

operational and market presence in each country are presented in Figure 6.  

 

Figure 6 - Iberdrola operational and market presence. The company has other brands at the 

local and business level. Source: Iberdrola Sustainability Report, 2018. 

The commitment to renewable energies of the group has been present for more than 20 years, 

and is considered by the company as an instrument for the inevitable change in the global 

energy sector. Currently, Iberdrola has approximately 30GW of renewable generation installed 
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capacity, and is the world leader in wind energy with more than 14GW of installed capacity, 

approximately 1,200,000 km of transmission and distribution lines deployed and delivering 

energy to more than 100 million beneficiaries in all the world (Iberdrola’s webpage, 2019). 

According to Iberdrola’s Sustainability Report of 2018, the circular economy is a key element 

for sustainable development and represents an opportunity as an engine for climate action, 

the energy transition, and the generation of value. The main product available to Iberdrola's 

customers is electricity, however, the group also offers a wide range of products, services and 

solutions that converge to circularity, such as:  

• Protection of the environment: renewable energy and sustainable mobility; 

• Quality of electricity supply and safety of facilities;  

• Efficiency, digitalization and energy services;  

• Comprehensive management of energy facilities and supplies. 

The company's concern for the environment and sustainable development has been present 

for a long time in the company, since the first Environmental Policy in 1996, with the application 

of the prevention principle. In addition, the Environmental Management System (EMS) of 

Iberdrola was approved by the group in 2008, which has been developed by incorporating 

innovative environmental management actions that allow us to align the environmental 

dimension within the group's sustainability model, integrating the Objectives of Sustainable 

Development and articulating mechanisms to measure and evaluate the environmental 

performance of the group from a life cycle perspective. This, in turn, allows Iberdrola to 

integrate the circular economy and natural capital into its management processes. 

According to Iberdrola’s web page, the Circular Economy is in the base of the Iberdrola group's 

sustainable business model, by representing a cultural change in the way the companies and 

the society have to understand the production and consumption system to address the lack of 

resources, environmental impact, value creation, and employment. Furthermore, the life cycle 

approach is used as a tool for circularity into its management, which is the basis for the 

transition to the Circular Economy and value creation. 

The company takes many actions and efforts in favor of the sustainable development, such 

as reducing the use of natural resources by committing to decarbonization and electrification, 

or the more sustainable use of natural resources through the promotion of the use of more 

efficient and cleaner technologies and processes. In addition, the company encourages 

research to develop new technologies and advance solutions to the use of waste and 

promotes responsible consumption with environmental awareness programs. 
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Thus, taking to account the main processes of the company, and their interactions with 

suppliers and customers, the work model for Circular Economy has been defined as it is shown 

in the Figure 7 and available in the company’s web page. 

 

Figure 7 - Circular Economy model in Iberdrola. Source: Iberdrola web page, 2019. 

The life cycle approach is taken as a tool for circularity, and considers the synergy among 

Iberdrola, its suppliers, and customers, fundamental for the creation of value and integration 

of the productive chain.  

With the objective of producing and offering energy to its customers in a sustainable and 

responsible way, Iberdrola has actions for the transition to a more circular economy, such as 

the calculation of its Corporate Environmental Footprint (CEF). The CEF indicator is carried 

out annually and its results are used as a tool to define your environmental performance 

evaluation. In conjunction with its suppliers, Iberdrola promotes environmental product 

declarations, such as those of the Alto de la Degollada wind farms (50 MW) and Los Lirios (48 

MW). Meanwhile, it prioritizes the importance of choosing eco-designed equipment and 

infrastructures, with the aim of increasing energy efficiency, reducing the quantity of materials, 

and replacing materials with others with less environmental impact. As well as, it promotes 

comparative Life Cycle Analysis (LCA) studies for digitalization, green and sustainable 
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technologies, such as those already carried out for solar photovoltaic generation and electric 

vehicle. 

1.4. IBERDROLA TRANSITION OPPORTINITIES TO A CIRCULAR BUSINESS MODEL 

The global energy scenario continues to growth, driven mainly by the acceleration of 

decarbonization and the electrification of the economy, the increase in customer connectivity 

and technological progress. 

In this context, the strategy foundations of power companies are now more important than 

ever: more renewable technologies will be required, and active clients will demand more and 

smarter solutions. All of these will only be possible with a more developed, structured, and 

intelligent network, by integrating its increasingly complex energy system. 

Iberdrola’s transition to Circular Economy is carried by its strategy that are around 3 pillars: 

growth in renewable energies, growth in networks, and digital integration in its main 

businesses. 

Iberdrola's commitment to renewables is driven mainly by its president, Ignacio Sánchez 

Galán, since its incorporation in 2001, he anticipated an energy transition as an opportunity 

for growth and employment, supporting sustainable development and the fight against climate 

change. Galán's management style fosters the creation of value through five strategic pillars: 

profitable growth, operational excellence, customer orientation, capital optimization and, 

finally, digitalization and innovation. 

Between 2001 and 2005, Iberdrola launched its Strategic Internationalization Plan and 

announced its corporate vision of a world with increased energy needs, requiring cleaner and 

more sustainable sources. 

Between 2006 and 2010, the company decided to invest in renewable generation and 

networks in Spain, Mexico and Brazil. This initiative positioned Iberdrola to prepare for the 

increase in demand in the following years. In order to ensure Iberdrola's commitment to 

renewable energies, the company chose to make significant investments in wind energy 

suppliers that allowed Iberdrola to become the world leader in wind energy. In 2007, Iberdrola 

made a major international expansion and increased its presence in the United Kingdom and 

the United States. 

The firm commitment to protecting the environment, sustainability, and social responsibility 

has allowed the company to position itself in several key environmental rankings and lead the 
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transition of the electricity sector with two thirds of its installed capacity free of emissions. 

Iberdrola's specific emissions are 38% lower than the average for the European electricity 

sector and have set themselves the objective of reducing their CO2 emissions by 20% by 2030 

and being carbon neutral by 2050. 

The commitment to innovation has led Iberdrola to become the most innovative public services 

company in Spain, and the third in Europe with almost 250 million euros invested in 2017. 

Iberdrola has a I + D + i management model open and decentralized (more than 200 projects 

currently underway), highlighting the participation of technology providers, companies, 

universities and research centers, industrial organizations and public institutions, etc., through 

programs and agreements. 

Iberdrola stands out for its commitment to sustainability: in addition to all measures taken to 

combat climate change, it is a leader in indices such as DJSI, FTSE4Good, CDP, among 

others. Through its decisive strategy to integrate business competitiveness, corporate 

profitability, and respect for the environment. In addition, in September 2018, the company 

has been recognized as a Global Compact LEAD for demonstrating its continued commitment 

to the United Nations Global Compact and its Ten Principles for responsible business. 

The company concern for the environment and sustainable development has been present 

during a long time, as showed by the timeline of the Figure 8. 

 

 

Figure 8 - Timeline of the Circular Economy transaction in Iberdrola. 

Based on all the circular actions that Iberdrola takes, some opportunities of Iberdrola to 

integrate the Circular Economy in all the business, assets, and networks can be described.  

By having a focus on the assets, the Circular Economy can be measured by considering the 

Life Cycle Analysis of the power plants. The phases of construction and dismantlement of 

power plants are composed of a range of materials as inputs and outputs. Those materials, if 
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in the power plant end of life are disposed in landfills or incinerated, or if at the moment of their 

constructions they were only made by raw materials there will not exist sustainability. And it is 

in this way that the circular economy in the construction and dismantlement of power plants 

can be measured, by analyzing how much material is going out of the process and being 

recycled, reused, or recovered, and how much are being disposed as waste in landfills or 

incinerated. As well as how much of the materials in the constructions are from renewable 

sources, recycled, reused, or recovered, and how much of those are raw materials. The ideal 

circular process would not send output materials to disposal and do not take raw material from 

the environment. 

By the operations of a power plant point of view, that can be easily described in the case of 

Iberdrola, as Generation, Transmission, Distribution, and Commercialization, Figure 9. 

 

Figure 9 - Iberdrola Circularity Measurement Opportunities. 

At the Generation of energy, the circularity can be analyzed by the weight of the inputs and 

outputs of the energy production process, by considering the same ideas as for the assets. 

Furthermore, it could be also calculated as by the sources used to generate the energy, their 

energetic factor to generate a kWh of electricity, and the efficiency of the generation sources.  

By considering all of those factors, it would be a better way to consider the amount of material 

used in comparison to the quantity of energy generated (given more advantage to the sources 

that utilize less and renewable materials, and generate bigger amounts of energy). In this case, 

Indicator

Based on materials 
flow (weight input & 

output)

Based on materials 
flow (weight input 

& output)

Based on materials 
conversion factor to 

energy

L
C
ABased on fuel 

consumption in 
maintenance
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energy losses

Construction & DismantlingASSETS
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Energy Generation

Commercialization

Transmission & Distribution

Based on selling of 
products (Green 
Mobility, Heat)

Based on mixed 
energy in the Market
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the biggest difference is found in the type of material and its energy conversion efficiency. 

Same amounts of materials can generate different quantity of energy in kWh, due to its 

energetic factor, its capacity to be converted to electricity. As higher this conversion to 

electricity capacity, more efficient is the material source, and less tones of this input is going to 

be necessary to generate a fixed quantity of energy. Furthermore, those materials, mainly the 

fossil fuels, in the process of conversion to electricity, they have high CO2 emission factors 

and high percentages of waste generation. For this waste generation, a management needs 

to be previously defined, and as much as possible from the waste need to be recycled, reused, 

or recovered, by avoiding in the maximum its deposition in landfills or incineration. 

At the Transmission and Distribution, it is possible to analyze circularity for two basic activities, 

which are related to the consume of combustibles (inputs) for the maintenance of the system, 

and by measuring the energy losses in grid. 

By considering the circularity at the maintenance of the transmission and distribution systems, 

it includes the combustibles input as lubricant oil, and the waste management of those 

materials at the end of their life cycle, as outputs. In addition, the transportation fuel used by 

the workers that need to go for the maintenances, that normally travel many kilometers doing 

the inspections, need to be taking to the circularity account. Mainly if the combustibles and 

fuels used are not from renewable sources and have high CO2 emission factors, as it is 

nowadays. 

In the same context, by considering the energy losses in the transmission and distribution grids, 

the circularity can be compromised and many actions can be done. For example, the 

replacement of cables and towers of transmission and distribution, can make the efficiency 

higher and decrease the losses. But at the same time, with the new materials replaced, the old 

materials need to be correctly destined in their end of life, as well as the new materials need 

to be selected as much as possible from renewable sources, from recycled, reused, or 

recovered materials, those actions influencing on the circularity of this part of the operation 

business. Here gets clear the importance of improvements and investments to smart grids, and 

that would start in Neoenergia by analyzing the group, by being the country where the losses 

have the highest values, according to the Iberdrola Sustainable Report, 2018, probably due to 

the climate and temperature conditions that the grids get exposed to. 

At the Commercialization of the energy, the circularity can be analyzed in the business market 

of buying and selling energy, and for the products sell by Iberdrola. 
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The energy business market presents a world of opportunities and different energy sources. 

The mix of energy offered at the market would be said more circular, as more renewable energy 

it is made of. Nevertheless, it needs to be studied if this indicator of circularity could be applied 

in this case for the company’s group or by country, due to every country legislations and the 

mix of energy of the national business market. 

By considering the products offered by the company, it is easier to make their construction 

pathway and to keep control of all the inputs and outputs. Iberdrola offers nowadays besides 

power electricity and services, it promotes the use of electric vehicles by staff, “Smart Solar” 

and “Hogar Inteligente”, both aimed at the improvement of energy consumption via the use of 

solar technology and the control heating “Planes a Tu Medida” which aims to offer the best 

rate for each profile and the application PowerUp, launched by ScottishPower so that its 

customers can purchase gas and electricity with their mobile according to their needs and 

forecast. So, the circularity in those products case, can be done by the materials flow (inputs 

and outputs weights) and product lifetime, as described by the Ellen MacArthur (2015) and 

Enel (2018) methodologies.  

Furthermore, Iberdrola has been moving on some projects related to CE, and that are good 

examples of the company responsibility of changing to a circular model: 

1.4.1. RENEWABLES 

Iberdrola's commitment to renewable energies, for the fight against climate change, and the 

transition to a world of clean energy and less pollution converge to the circular economy. 

Iberdrola, as a world leader in renewable energies, is positioned as a green company and that 

grows with decarbonization. 

In the period 2018-2022, Iberdrola will invest in network and renewable energy developments, 

in line with the group's vision of transforming the energy sector into a more ecological and 

sustainable one. 

Thanks to these investments, the company expects to keep increasing its installed storage 

and renewable capacity (Graph 1). At the same time, customized contracts for renewable 

generation will be implemented to guarantee the fulfillment of the company ambitious 

objectives of reducing CO2 emissions. 

The British subsidiary of the Iberdrola group, ScottishPower, is a great example of renewable 

energy, becoming the first integrated energy company in the United Kingdom to produce 100% 

green electricity. All the electricity that the company generates today comes from renewable 

sources; in particular, onshore and offshore wind energy.  
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Graph 1 -  Production of Renewable Energy in Iberdrola 2011-2018. 

Iberdrola continues to bet on renewables over the years in its entire group. In 2018, the net 

production of energy by renewable sources represented 42% of the total generated by the 

group and 61.5% of the total installed capacity, 10% more compared to 2011 (32% of net 

production and 50.9% of installed capacity). 

 

1.4.2. PUMP STORAGE 

In line with the 5 R's of the circular economy (Reduce, Repair, Recover, Reuse and Recycle), 

it is worth mentioning the capacity of Iberdrola hydraulic pumping stations as recovery and 

use of the resource. Iberdrola with pumping hydroelectric technology recovers resources in a 

circular manner, through combined reservoir systems (upper and lower), in favor of the 

integration of renewable energies in the system. 

Currently, this is the most efficient system for storing energy on a large scale. It is more 

profitable and provides stability, safety, and sustainability to the electrical system. By 

generating a large amount of energy with a very fast response time and without creating any 

type of emission to the atmosphere. 

Its main mission is to store water at times of lower demand and take advantage of it to generate 

energy during peak hours. The largest in Europe is La Muela II, launched by Iberdrola on the 
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Júcar River, in the municipality of Cortes de Pallás, Valencia. Currently, the company also 

develops the ambitious Támega project in northern Portugal. 

 

Figure 10 – Pumped-Storage Hydropower station. Source: Iberdrola webpage, 2019. 

The company is a leader in energy storage with a capacity of 4,400 MW installed through 

pumping technology. By 2022, Iberdrola expects to reach 90 gigawatt hours (GWh) of storage 

capacity. 

1.4.3. WIND GENERATOR BLADES RECYCLING 

As a wind energy generator leader (more than 14GW of installed capacity), regarding material 

reuse, Iberdrola has participated in the BRIO project. It is an initiative that aims to create a 

new sustainable system for the management and recycling of wind turbine blades out of use, 

due to end of life or failure, by anticipating a massive and challenging waste management 

problem. 

Innovation is fundamental in technology developments to reduce costs, limit risks and 

guarantee competitiveness. In summary, the BRIO project seeks mainly the flow and 

valorization of the high added value materials of the turbine blades, contributing to the 

transition of the Iberdrola economy to circularity. 

1.4.4. GREEN MOBILITY 

Iberdrola is making a commitment to promote the implementation of electric mobility, which 

allows greater energy efficiency in transport and a reduction in the use of fossil fuels. 
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To this end, comprehensive service products have been created for customers who want to 

use electric vehicles, providing green energy and all the necessary infrastructure (charging 

points, infrastructure improvements, etc.). In addition, Iberdrola has planned the installation of 

50,000 electric vehicle recharging points until 2023 in Spain and the United Kingdom. 

Along with this initiative, Iberdrola and Nissan have reached an agreement to launch projects 

that promote the integration of electric vehicles in smart grids. 

The projects that both companies will develop jointly are related to V2G (vehicle connected to 

the network) and smart recharging ("smart charging"), taking advantage of the synergies of 

both companies. The ultimate goal of the collaboration is to convert the electrical networks 

into facilitators for charging the electric vehicle and to contribute to its rapid implementation. 

The V2G technology allows a communication between the electric network and the car, 

offering the possibility of reverting to the grid the electricity stored by the car, being able to be 

the energy source of houses when the car is not used and in those hours in which the electricity 

is more expensive. 

 

Figure 11 – Mobility Plan for Spain. Iberdrola web page, 2019. 

1.4.5. OTHER PROJECTS 

SUSTAINABLE MOBILITY

A REALITY IN 
2018
30 rapid recharging points 
operational in 2018 and 
more than 200 by 2019.

EVERY 100 KM
Installation of more than 200 
fast recharging stations - one 
every 100km - on the country's 
main motorways, covering all 
the provincial capitals.

RAPID CHARGING
Recharges between 20 and 30 
minutes (fast and super-fast) 
and between 5 and 10 minutes 
in the ultra-fast points.

SUSTAINABLE 
MOBILITY
25,000 electric car recharging 
points in homes, work centres 
and on urban and interurban 
roads in Spain.

ACCESSIBLE BY 
MOBILE PHONE
Whether or not you are an 
Iberdrola customer, you will 
be able to geolocate, book 
and pay for your recharges 
using your mobile phone.
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In summary, in the renewable energies field, there are certain circular business models that 

Iberdrola is implementing in its renewable assets. According to physical technologies, in 

addition to storage by pumping, Iberdrola has been using other disruptive technologies to 

allow circular initiatives, engines of growth in the company, such as the storage of energy in 

batteries, marine wind energy and photovoltaic solar energy, among others. 

• In the storage of energy, the Iberdrola group has completed a series of initiatives 

to improve the integration of renewable energy sources. 

• Offshore wind power consolidates as one of the company's strong areas. 

Innovation has been vital in marine wind farm operations to reduce costs, reduce 

risks and improve competitiveness. 

• In solar technologies, Iberdrola recently announced the installation of the largest 

photovoltaic plant in Europe with 431.34MW of installed capacity in Spain, as well 

as the construction of new photovoltaic installations in several Mexican states. 

The commitment to improving networks has also been key in the transformative change of 

Iberdrola and the integration of renewable energies, being a leader in automation and 

intelligence development of energy networks. 

Digitization is a priority of the company to adapt to the transformations of the energy sector. 

The digital strategy must be compatible with the general corporate strategy, guaranteeing a 

digital transformation totally integrated to its main business. 

1.5. VALUE CREATION  

Another fundamental definition in the circular economy in the electric sector is the value chain. 

It encompasses the activities that convert input to output by creating and adding value. The 

value chain covers the full range of an organization’s upstream and downstream activities, 

which encompass the full life cycle of a product or service, from its conception to its end use. 

The global economy’s evolution has been dominated by a linear model of production and 

consumption, in which goods are manufactured from raw materials, sold, used and then 

discarded as waste. While great strides have been made in improving resource efficiency, any 

system based on consumption rather than on the restorative use of resources entails 

significant losses along the value chain. The CE is characterized as an economy that is 
restorative and regenerative by design and aims to keep products, components, and 
materials at their highest utility and value at all times. The current economy is surprisingly 

wasteful in its model of value creation. In Europe, material recycling and waste-based energy 

recovery captures only 5 percent of the original raw material value. Analysis has also found 
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significant structural waste in sectors that many would consider mature and optimized (Ellen 

MacArthur, 2015). Most improvements could be listed related such as to car sharing (and 

electrics, reducing CO2 emissions, and packed parking places), reduces of food waste, home 

officers and co-working sharing rooms (reducing costs and CO2 emissions with the works 

transportation and offices maintenance). 

 

Figure 12 - Value creation opportunities. Source: Ellen MacArthur, 2015. 

For the Ellen MacArthur Foundation (Ellen MacArthur Foundation, 2015), the current economy 

can be largely described as taking raw materials from the nature, using them to make 

products, and disposing them of. And the CE as a new economical and industrial model that 

is restorative by intent and design, that gives the maximum utility and appreciation to the 

products and materials, and replaces the concept of waste to restoration and regeneration to 

unlink globally the idea of economic growth from the use of virgin and finite resources. 
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Furthermore, there are considered two types of cycles in the current model of circular 

economy, for the creation of value in the product, material or services chain, as described 

below and presented in the Figure 13: 

• Biological cycles, in which non-toxic materials are restored into the biosphere while 

rebuilding natural capital, after being cascaded into different applications. 

• Technical cycles, in which products, components and materials are restored into the 

market at the highest possible quality and for as long as possible, through repair and 

maintenance, reuse, refurbishment, remanufacture and ultimately recycling. 

 

Figure 13 - Value Creation in the CE cycles. Source: Ellen MacArthur Foundation, 2015. 1. Hunting 

and fishing 2. Can take both post-harvest and post-consumer waste as an input. 

The two different value creation cycles presented by the Ellen MacArthur Foundation are 

effectively at every scale. This economic model seeks to ultimately decouple global economic 

development from finite resource consumption. The three main principles of the circular 

economy model presented by Ellen MacArthur are: 
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• Preserve and enhance natural capital by controlling finite stocks and balancing 

renewable resource flows. This starts by dematerializing utility optimally, whenever 

resources are needed. By selecting wisely technologies and processes that use 

renewable or better-efficiency resources. 

• Optimize resource yields by circulating products, components and materials in use at 

the highest utility at all times in both technical and biological cycles. What can be done 

by eco-design, remanufacturing, refurbishing, and recycling to keep technical 

components and materials circulating in and contributing to the economy. Circular 

systems use inner loops (e.g. maintenance, rather than recycling) whenever 

possible, thereby extending product life and optimizing reuse, including product 

sharing. Circular systems also encourage biological nutrients to re-enter the biosphere 

safely for decomposition to become valuable feedstock for a new cycle. And unlike a 

linear system, a circular one would not compromise effectiveness.  

• Foster system effectiveness by revealing and designing out negative externalities. This 

includes reducing damage to systems and areas such as food, mobility, shelter, 

education, health, and entertainment. But including to management of externalities, 

such as land use, air, water and noise pollution, and the release of toxic substances.  

Taking as an example the cyclical model of nature, the CE is presented as a system of 

maximum use of the natural resources used (raw materials and energy). Thus, the reduction 

of the use of new natural resources, the efficiency in the productive processes, the lengthening 

of the useful life of the products, and the design that facilitates their reuse and recycling in the 

last instance, are of prime importance. The few materials that could not be reintroduced in the 

productive chain, will be destined for their final energy use. In other words, the CE means the 

maximum use of biodegradable materials in the manufacture of consumer goods. In this way, 

they are able to return to nature without causing environmental damage by exhausting their 

useful life. For all other necessary materials (technical nutrients, such as electronic 

components, metals, plastics...) the objective will be to facilitate a simple decoupling to give 

them a new life by reincorporating them into the production cycle and to compose a new piece. 

When this is not possible, it needs to be recycled with efficient techniques that respect the 

environment. 

Unlike other models of linear production and consumption where the economic aspect prevails 

over the social or environmental, the circular economy supposes a substantial improvement 

when considering the impacts of the activity throughout its life cycle, which means benefits for 

both companies as for consumers and all the society. Companies that have implemented 

circular activity models are proving that reusing resources is much more profitable than 
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creating them from scratch. As a consequence, production prices are reduced, so that the 

sale price is also reduced, thus benefiting the consumer; not only economically, but also 

socially and environmentally, being a successful example of sustainable business model. 

As highlights of fundamental characteristics that describe CE in for the Ellen MacArthur 

Foundation, are the waste “designed out”, where man-made materials are designed to be 

recovered, refreshed and upgraded, focusing on minimize the energy input required and 

maximizing the retention of value in its product or process chain. At the same time, the 

biological materials are designed to be easily returned to the soil by for example, composting 

or anaerobic digestion and being non-toxic. 

The diversity of systems builds the CE strength to versatility and resilience. As in the biological 

systems that biodiversity is essential for organisms, in the economies the diversity provides 

an economies balance and competitiveness. Bigger companies and business provide stability 

and solid networks, but smaller companies contribute with innovation, digitalization and 

alternative models. 

The renewable energy sources are part of the biological cycle, once the generation sources 

are unlimited, they are the key to power the economy. The energy required to fuel the 

circular economy should be renewable by nature, in order to decrease resource dependence 

and increase systems resilience and improvement. This will be further enabled by the reduced 

threshold energy levels required in a circular economy.  

Systems-thinking are the fuel to CE. Everything is connected and the knowledge and models 

need to be improved together where different and unique parts build a common model to 

strongly link each other, by aggregating all the business necessities. 

Transparency on externalities acts as a challenge to the transition to a circular economy. For 

that prices or other feedback mechanisms should reflect real costs, including externalities. 

In addition, six actions were selected by the Foundation, as that ones that the businesses and 

governments can take to generate circular strategies and growth initiatives for the present and 

future years. Regenerate, Share, Optimize, Loop, Virtualize, and Exchange, build together the 

ReSOLVE framework, where each action reinforces and accelerates the performance of the 

other actions, Figure 14.  
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Figure 14 - ReSOLVE Framework. Source: Ellen MacArthur “Growth Within Report”, 2015. 

The creation of economic and financial value is essential to ensure companies growth over 

time and, therefore, its sustainability: a company that creates economic and financial value 

has a greater chance of seizing opportunities and facing the challenges that arise. By keeping 

a focus on a sustainable business model that integrates the management of financial and non-

financial risks, taking the best opportunities arising from the energy transition (Enel 

Sustainability Report, 2018). 
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Figure 15 - Value Creation Chain in the mining sector. Source: GRI Standards, 2018. 

The value creation chain in the electric sector differently from the mining sector (Figure 15), 

for example, is more than only the materials input and output, it is also related to the type of 

service offered by the company. The power, energy generated, have their end of cycle in the 

clients and customers.   

As inputs for the energy generation, there the renewable (offshore wind, onshore wind, mini-

hydroelectric, hydroelectric, and solar) and the non-renewable (nuclear, combined cycle, 

cogeneration, and coal) sources. Which of those technologies present their different 

efficiencies of energy generation and different amounts of materials that need to be added to 

the process, and among them, some can be more circular them others.  

During the activities of operation, that are divided in the production, transmission, and 

distribution. In this line, the more representative amount of waste is generated in this part of 

the flow.  

As outputs of the process, there are the final product that are mostly energy, what has no 

weight. Nevertheless, when considering the LCA of a generation plant, it would be taken to 

account the construction and the dismantling of the plants, and all the wastes that it involves. 
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Figure 16 – Value Chain in the electric sector.  

Meanwhile, the Figure 16 shows the sense of as much of waste recycled, reused, and 

recovered, and less waste are being send to disposal and incineration, more circular is going 

to be its value chain. Then, more value can be generated and aggregated to the product 

offered to the market. 

1.6. KEY PERFORMANCE INDICATORS (KPIs) 

In the CE applications, the companies worldwide have many issues to measure its 

performance in a corporate level. The environmental performance evaluation in Iberdrola, 

based on its EMS Scorecard is made by two principal actors, Figure 17, the environmental 

performance and the environmental impact indicators.  
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Figure 17 - Iberdrola performance evaluation. Source: Iberdrola. 

To measure the performance, there each sector of the company has its key performance 

indicators, as well as the sustainability and environmental departments. Many of those 

indicators are from the Global Reporting Indicators (GRI), calculated by a range of utilities 

around the world. Anyway, in the electric sector, only Enel has arrived to a Circular economy 

indicator, called “CirculAbility”, derived from the Ellen MacArthur Circular Economy indicator 

“Material Circularity Indicator”.  

The sustainability indicators calculated every year and published at the No Financial - 

Sustainability Report of the company are available on Iberdrola’s webpage1. 

The second actor for environmental performance evaluation is the Corporate Environmental 

Footprint (CEF) that is elaborated and published at Iberdrola’s web page annually, that is 

defined as a “multi-criteria measure of the environmental performance of a goods/services 

providing organization from a life cycle perspective. The main objective of a CEF is to reduce 

the environmental impact derived from the organization’s activities” (Iberdrola web page, 

2019). Calculate the Corporate Environmental Footprint is valuable for many reasons and 

there are some as following: 

• Understand and compare objectively the effect of our activity in the different 

environmental impact categories, trace their cause, identifying the environmental 

aspects and the assets/technologies/regions responsible of them. This will be an extra 

element of information for the company's management system. 

• Have a single homogeneous methodology for the whole group that allows:  

                                                

1 https://www.iberdrola.com/sostenibilidad/modelo-negocio-energetico-sostenible/indices-
datos-sostenibilidad 
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• Measure to improve, developing activities to reduce the environmental impact, with the 

aim of:  

• Improve operational efficiency. 

• Improve our reputation, through transparency. 

• Promote innovation. 

• Make possible intern and extern benchmarking. 

• Reduce environmental risks. 

• Ensure the group's commitment to transparency. 

 The environmental impact assessment methodology used for calculating Iberdrola’s 

Corporate Environmental Footprint is ReCiPe (based on UNE-EN ISO 14040:2006 and UNE-

EN ISO 14044:2006 standards), which is a life cycle analysis tool of company 

products/services, versatile and particularly apposite for editing data and databases. The 

ReCiPe methodology was created by the Netherlands National Institute for Public Health and 

the Environment (RIVM), the Institute of Environmental Sciences of the University of Leiden 

(CML), the consultancy PRé Consultants and the Faculty of Science at Radboud University. 

This methodology was selected for calculating the Iberdrola Environmental Footprint on the 

basis of the clear representativeness of environmental impact categories therein, simplicity in 

the interpretation of the results, broad application at a European level and similarity vis-à-vis 

the content of the new methodology that the European Union is framing for calculating Product 

Environmental Footprint (PEF) and Organization Environmental Footprint (OEF) throughout 

the entire life cycle.  

The calculation is made by a combination of all the data recorded and collected of the group 

along the previous year, the same data used to calculate the KPIs and some more. The final 

number, is a single indicator that comes from 4 steps and also with some calculation limitations 

in externalities (Figure 18 y 19): 

1. Life Cycle Inventory (LCI) and classification of environmental aspects (inputs and 

outputs). 

2. Characterization into 18 impact categories (Midpoint). Assessment of the impacts in 

their characteristic unit. 

3. Normalization in 17 impact categories (Endpoint) to group them into the three damage 

categories. 

4. Normalization and weighting of impacts to aggregate them and obtain a single score. 
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Figure 18 - Iberdrola Corporate Environmental Footprint Calculation Procedure. Source: Iberdrola 

Environmental Footprint Report, 2017. 

 

Figure 19 - Limits of the Iberdrola Corporate Environmental Footprint Calculation. Source: Iberdrola 

Environmental Footprint Report, 2017 

The companies currently challenge is to take their actions measured on various dimensions 

and aggregated into single value (Kuik and Gilbert, 1999). In other words, to translate 

company’s actions, investments, among others, to indicators is important to make 

benchmarking to other companies and rank them, and to evaluate each company 

performance. For example, the sustainability indicators (KPI) and composite index are gaining 

lot of importance and increasingly recognized as a powerful tool for policy making and public 

communication in providing information on countries and corporate performance in fields such 

as environment, economic, social, or technological improvement. By conceptualizing this 

phenomena and highlighting trends, sustainability indicators simplify, quantify, analyze and 
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communicate the complex and complicated information (Rajesh Kumar Singha, 2012). 

Nevertheless, Lancker and Nijkamp (2000) emphasize upon target values of indicators and 

states that, “a given indicator doesn’t say anything about sustainability, unless a reference 

value such as thresholds is given to it”. 

 

Figure 20 - Lowell Center for sustainable production indicator framework. Source: Spohn 

(2004). 

 

The KPIs in Iberdrola currently follow the structure to be transformed into a value. First of all, 

exists the demand for the indicator, that can come from the company’s environmental police, 

EMS, legislation, among others. Consequently, information is asked to the responsible sectors 

of the company, as soon the information is reported in the Iberdrola’s platform, the same is 

manipulated for the responsible department, according to the indicator calculation 

methodology. Finally, the indicator is calculated, reviewed, and published. 
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Figure 21 - Indicators flow. A – Responsible department 1, B – Responsible department 2.  

In the overall, the indicators can have many different applications, for example, benchmarking, 

improvement of environmental performance at multiple levels, identification of problem areas, 

cost-benefit analyses, policy direction, business investment decisions, and many other 

applications. What needs to be improved is the integration of these indicators into 

methodologies for decision making and policy setting that allow their effective implementation 

in CE (Geng et al, 2012). 

1.7. KEY PERFORMANCE INDICATORS (KPIs) TO CALCULATE CIRCULAR 

ECONOMY 

The big discussion today, is that there is not a single indicator to calculate CE used by all the 

companies of the sector, or how to measure it as the entire product or process chain, including 

suppliers and customers, hence it is nowadays normally measured by a list of indicators. In 

this list is included indicators of waste management, materials flow analysis, RD&I, and 

environmental management indicators.  

From the known methodologies that define CE MacArthur Foundation, AFNOR XP X30-901, 
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BSI 8001:2017, and Forética. It is important highlight that the standard AFNOR is not 

applicable to organizations, and only for products. The BSI standard (not creditable), 

MacArthur Foundation, and Forética methodologies are applicable to organizations for CE.  

Nevertheless, the MacArthur Foundation methodology is the only agency that presents a 

single indicator for CE, the Material Circularity Indicator. This indicator was elaborated by 

products, however, it can be extrapolated to organizations (IHOBE– Economía Circular y 

gestión, 2019).  

Even so, all the methodologies consider the Life Cycle of the products and include topics of 

the production, consume, and waste management and secondary materials uses. Some 

concepts as of intelligent materials pooling (Braungart et al, 2007), eco-design, eco-efficiency, 

material loop (Mayer et al, 2019), and others, are inside of the and material circularity indicator 

concept (Figure 15).  

 

 

Figure 22 - Material Loop Closing in the EU28. Source: Mayer et al, 2019.Material flows 

through the EU28 economy in 2014. In this Sankey diagram, the width of the arrows is 

proportional to the size of material flows (dark blue); the numbers show the size of the material 

flows in Gt/yr and the bars their composition (share of four main material groups in %). Note 
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that numbers may not always sum up to total due to rounding. EU28 = European Union; Gt/yr 

= gigatons per year. 

At the same time, as considered by the GRI flow indicator and in the Sankey diagram above, 

the input and output of material can say a lot about the circularity of a system. It is way, loops 

that closes are extremely important. For example, materials maintenance, rather than 

recycling, avoids materials to get out of the loop, even with some part getting back as recycled 

supply, smaller portions can become waste during the process of recycling. So, whenever 

possible, those actions needs to be taken into account, thereby extending product life and 

optimizing reuse, as well as including product sharing. 

The Material Circularity Indicator is the main indicator developed for the Ellen MacArthur 

methodology. And until now, there has been no established way of measuring how effective 

a company is in making the transition from ‘linear’ to ‘circular’ models, nor have there been 

any supporting tools. The Circularity Indicators Project aims to address this gap and has 

developed indicators that assess how well a product or company performs in the context of a 

circular economy, thereby allowing companies to estimate how advanced they are on their 

journey from linear to circular.  

The developed indexes consist of a main indicator, the Material Circularity Indicator, 

measuring how restorative the material flows of a product or company are, and 

complementary indicators that allow additional impacts and risks to be taken into account. By 

assigning a score between 0 and 1 to a product (or company) it asses how restorative or linear 

the flow of the materials for the product (or the company’s products) and how long and 

intensely the product (or the company’s products) is used compared to similar industry-

average products. Consequently, for this as for any indicator, it is fundamental the 

benchmarking with other sector companies for comparison. 

The benchmarking is a systematic process of comparing processes, services and / or 

products, with which it is sought to know which are the "best practices" carried out in other 

companies of the same, or similar sectors. It can be used as a tool that uses comparison to 

promote change and learning in companies as it serves to identify problems and obstacles 

and to find solutions. For the Spanish Confederation of Companies Organizations, the keys to 

benchmarking are: 

• Believe in the need for change. 

• Know what you want to change. 

• Set aside preconceptions and be open to new ideas. 
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• Provide equipment support. 

• Develop a scheme of the final result. 

2. OBJECTIVES 

This present work is focused on developing a performance evaluation of the Circular Economy 

(CE) integration in the electric sector, with a study case in Iberdrola Group, from its 

Environmental Management System. The evaluation is going to be by checking the sector 

status to propose a plan to measure and monitor the CE performance in Iberdrola. As well as 

to prepare an action plan to improve it continuously in the company. In addition, for this 

Circular Economy analysis, it is going to be fundamental the concepts of Life Cycle Analysis 

(LCA) of the processes or products involved, including the suppliers and the clients. Finally, it 

is intending to suggest the company a KPI for circular economy, a SWOT matrix, and a 

checklist model for the indicators reporting, including data collection, manipulation, reviews, 

key stakeholders, and publication. 

3. METHODOLOGY 

3.1. CIRCULAR ECONOMY CORPORATE STATUS 

Nowadays, there is not any normalization as from ISO or from governmental agencies to 

measure CE performance status in corporations. Because of that, it is going to be done by 

benchmarking to other companies from the electric sector. The benchmarking can be executed 

by comparing actions from Iberdrola and other companies of the sector that have been done 

about circular economy. This benchmarking is applied in this case, to realize the position and 

situation of Iberdrola in CE compared to the rest of the electric sector.  

3.2. CIRCULAR ECONOMY CORPORATE KEY PERFORMANCE INDICATORS (KPIs) 

MONITORING  

Periodically, Iberdrola calculates 22 different indicators from its sustainability and corporate 

reputation, that are all available in its web page 

(https://www.iberdrola.com/sostenibilidad/modelo-negocio-energetico-sostenible/indices-

datos-sostenibilidad). For its environmental reports, there are also calculated many other 

indicators, already defined in the action plans to monitor and evaluate the company 

performance, but none of them are for circularity. 

For a multinational company, it is important to have the same standards worldwide. 

Meanwhile, it could be not that simple, once which country has its necessities and peculiarities, 
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laws, normalizations, and market rules. In this context, the environmental indicators become 

so important, as an alternative of qualify and/or quantify data in a way that could be done 

worldwide, and that is why the indicators are the best way nowadays to measure CE 

performance in corporations, products, or territories. Therefore, to measure Iberdrola’s CE 

performance and to follow monitoring its performance, a benchmarking to other company’s 

indicators in the electric sector are going to be done. The indicators more reproducible found 

by the benchmarking, each means, that can be applicable to the electric sector and to 

Iberdrola’s reality. An extra attention is deposited on the indicators that consider the suppliers 

and the clients, to evaluate the CE in its production chain as much as possible, as well as its 

value creation. This benchmarking is applied in this case, to find a single or a group of 

indicators to be used for circular economy measurement and monitoring in the electric sector. 

After selected the indicators, an indicators reporting checklist model is proposed. This 

checklist model is important to keep the standards for reporting and monitoring the indicators, 

to identify the departments of the company that are going to be involved or required for the 

process, its periodicity, the data need, the software used, and the responsible by each step. 

3.3. PLAN OF IMPROVEMENTS FOR THE ELECTRIC SECTOR BY CONSIDERING 

VALUE CREATION AMOUNG SUPPLIERS, THE GROUP, AND CLIENTS 

The plan of improvements in the actions of CE in the electric sector and in Iberdrola, can be 

elaborated by again, a benchmarking analysis of the actions that are currently being applied 

by the companies of the electric sector, related or specific to circular economy. Afterwards, it 

will be possible to list some actions, direct or indirectly, in favor to circular economy, that have 

viability to be aggregated into Iberdrola’s corporate actions plan. This list of improvements, 

intend to be and extra of only be measuring the indicators of actions that are already 

implemented, basically to its continually improvements. To elaborate this plan of 

improvements, a SWOT matrix is constructed by analyzing the Strengths and Opportunities 

of the organization, as well as the Weaknesses and Threats of the sector’s environment, to 

achieving the objective. 

4. RESULTS AND DISCUSSION 

4.1. CIRCULAR ECONOMY CORPORATE STATUS 

By analyzing the Circular Economy corporate status of some companies of the electric sector 

by the benchmarking done by the IHOBE environmental agency, a list of actions that are 

already taking in place at 11 companies are showed in the Table 4.  
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Table 4 - Benchmarking of the Circular Economy status in the electric sector. Source: IHOBE, 

2019. Adapted. 
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Mentions the Circular Economy in its 
strategy mark (mission / 
environmental policy) 

X   X X   X X X X     

Provides a specific strategy of 
circular economy X   X      X           

Provides a circular economy web 
section X X X X   X X X X     

Provides a specific report                 X     
Offers circular economy solutions to 
their clients X X                   

Those actions are related to how the circular economy is already present in the company’s 

business. First of all, if it is mentioned in their mission or in its policies, what most of the 

companies do. Iberdrola has the circular economy mentioned in its Environmental Policy.  

Then, just a few companies have a specific strategy of circular economy. In the case of 

Iberdrola, the Circular Economy strategy is present in the company’s web page. Almost all the 

companies dedicate a section of their web pages to talk about circular economy, what 

represents that the sector is aware about the needs and opportunities of changing, including 

Iberdrola. Only one of the companies has reporting its circular economy data, but it is included 

as a section in its sustainability report, and not as a specific report. Finally, two of the 

companies offer circular economy solutions to their clients. In Iberdrola, this last one is offered 

for example, in its products as the electric vehicles, the “Smart Solar” and “Hogar Inteligente”, 

both aimed at the improvement of energy consumption via the use of solar technology and the 

control heating “Planes a Tu Medida” which aims to offer the best rate for each profile and the 

application “PowerUp”. 

4.2. CIRCULAR ECONOMY CORPORATE KEY PERFORMANCE INDICATORS (KPIs)  

4.2.1. CIRCULAR ECONOMY INDICATORS METHODOLOGY COMPARISON  

Two existents CE indicators methodologies, Material Circularity Indicator (Ellen MacArthur, 

2015) and CirculAbility (Enel, 2018), were compared and analyzed. Those two methodologies 

were analyzed with focus on companies that has their products as services, and for the electric 
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sector. Enel is an energy generator company and in their indicator, many improvements 

related to this sector were added.  

Furthermore, both of them base their calculations on two separated intermediate indicators. 

One related to the use of the products of the company, its lifetime and how it is placed taking 

into account the average of that reference product in the actual market. *Enel adds to the use 

indicator, furthermore of the product life extension, the product sharing and the product as a 

service ratio. 

4.2.1.1. Circular Use 

Following below is a list of the minimum indicators (KPIs) needed to calculate the indicator 

related to the use of products. 

• Reference product lifetime use (or extended useful life, as presented by the 

CirculAbility indicator) related to average lifetime use in the market 

• Reference product intensity of use related to average intensity of use in the market 

(only for the MCI, that indicates to use the lifetime use OR the intensity of use) 

• Reference product time of use in case of sharing related to the usual case of the 

market* 

• Reference product time of use in case of product as a service related to the usual case 

of the market* 

*The two last considerations were added by the Enel methodology. 

4.2.1.2. Circular Flow 

The second indicator, that builds the main indicator, is related to materials flow (inputs and 

outputs) to generate the final product, taking into account recycling, reuse, waste generation, 

products and materials weight. Enel in its indicator included the consideration of energy inputs 

and outputs. 

Following below is a list of the minimum indicators (KPIs) needed to calculate the indicator 

related to products flow. 

• Weight of virgin materials added to the process 

• Weight of wastes  

• Final weight of the product 

• Weight of total materials input 

• Weight of total materials output 

• % of recycling  



 
44 

• % of reuse  

After analyzing all the previous data of the two indicators, it could be said that the first indicator 

is not as essential for companies that generates a product as a service as the manufacturing 

companies. That’s why for the last ones it is possible to map the products life cycle, including 

when it goes to the clients, but for the product as service companies, the product literally ends 

with the clients, and not even generating waste in this phase.  

Because of that, in the case of energy generation, where the product is considered as a 

service for its end cycle to be concentrated in the clients, its measurement would present 

some difficult to be calculated, its concept getting a more theory meaning. 

Then, the circularity measurement would be achieved with a focus by considering only the 

materials (and energy) flow, each means, the CirculAbility (Enel, 2018) indicator. In this 

context, all the data to get this flow measurement is already available and calculated, most of 

the times for other KPIs used in the company reports (as the GRI indicators). So, the work is 

going to be list those indicators that indicate material or energy flow, and highlight the ones 

already calculated in the sector, and in Iberdrola (Figures 23 and 24). If any indicator is 

considered new, a note needs to be added, and the calculation of this indicator need to go 

directly to the improvements list. 

 

Figure 23 - Material Circularity Indicator (MCI) sub indicators Analysis.*of the regular market 

MCI (Ellen 
MacArthur, 2015) 

Utility
Product lifetime use/ Average lifetime use*, or

Product intensity of use/ Average intensity of use*

Linear Flow 
Index

Weight of virgin materials added to the process

Weight of wastes sent to disposal

Final weight of the product

Weight of input and output waste recycled

Weight of input and output waste reused
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Figure 24 - CirculAblity sub indicators Analysis. *of the regular market 

 

Figure 25 - Circularity Indicators Comparison 

CirculAbility
(Enel, 2018)

Circular Use

Extended useful life/ Average useful life*, or

Product time of use (sharing)/ Average time of use*, or

Product as a service time of use/ Average 
product as a service time of use*

Circular Flow

Weight of virgin materials added to the process

Weight of wastes sent to disposal

Weight of total materials input

Weight of total materials output

Weight of input and output waste recycled

Weight of input and output waste reused
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In the comparation flow, its shown why it is less useable use the MCI for energy generation. 

The MCI takes to calculations important information related to the product, as well as the final 

weight, what is not applicable for the energy. 

Because of that, the circularity would be used to calculate an energy generator company 

circularity. In this line, an analysis is made with the objective to know if all the data necessary 

to calculate the CirculAbility indicator is already available in Iberdrola’s reports. 

 

Figure 26 - CirculAbility Indicator – Circular Use Applicability. 

Taking more detailed in the CirculAbility indicator, for the Circular use sub indicator it is 

necessary to calculate one of the listed situations. In the figure above it is shown to which 

process each one of this sub indicators would be related to. The extended useful life would be 

related to maintenance of the assets (buildings, electric vehicles, generation plants, etc.). The 

product time of use (sharing) would be applied as the buildings of offices and the electric 

vehicles. Now, the product as a service would be related to the energy generation that has it 

end of cycle in the clients, and for example, the higher efficiency presented by the use of 

renewable energies compared to the average efficiency by using other or a mix of sources. 
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Figure 27 - CirculAbility Indicator – Circular Flow Applicability 

Still about the Circulabilty, the sub indicator that includes the description of flow is basically 

related to materials weight inputs and outputs of the processes, including the waste generation 

and destination. In the inputs are included the raw materials (such as coal, fuel, natural gas, 

gas-oil, uranium, WDF), recycled, reused or recovered material and in the outputs, the waste 

generated (fly ash and slag, nuclear waste, hazardous and non-hazardous waste) that are 

disposed, recycled, reused, or recovered. 

Table 5 - CirculAbility Indicator – Circular Flow example of maximum and minimum. 

 

KPIs
all that enters are raw 

material and all the 
outputs are disposed

all that enters are 
recycled waste and all 

the outputs are not 
disposed

Weight of virgin materials added to the process = V (t) 100 0
Weight of wastes to disposal = W (t) 100 0
Total recycled, reused, recovered input = RRRi (t)
Total recycled, reused, recovered output = RRRo (t)
Weight of total materials input = V+RRRi = Ti (t) 100 100
Weight of total materials output = W+RRRo = To (t) 100 100

0 1
LINEAR CASE CIRCULAR CASE

CirculAbility - 
Flow 

1=circular 
0=linear

Circular Flow index:
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To start, it was taken the circular flow from the CirbulAbility indicator to calculate a maximum 

and minimum example. The range of the circular flow indicator goes from 0 to 1, zero being 

more linear and 1 more circular. Anyway, as showed by the variables used on Table 5, this 

indicator just takes to account the weight of materials and wastes, what cannot represents so 

well a company that generates a product as a service. 

That’s why an indicator that takes to account the amount of energy generated would be more 

representative. An indicator like that would express the benefits of generating energy by 

renewable sources, for example.  

Important topics to include in this indicator would the amount of material used, the CO2 

emissions by this material, the waste generated in the process of energy production by using 

this material, and the percentage that this technology represents in the total Iberdrola energy 

generation scenario. 

The material used, their heat capacity, and their efficiency in the energy production process 

are crucial for the circularity. That’s because, as higher the efficiency in the conversion of the 

material to energy, less material will be used. So less raw materials will be taken from the 

nature. 

In this same line, as higher the efficiency in the conversion of the material to energy, less CO2 

emissions will be generated.  

And waste generation is determinant for the amount of waste generated in the process. As 

much of the generated waste be recycled, reused, recovered, and not disposed, is better for 

the environment and indicates circularity. An important highlight to be made is that this section 

does not have their numbers divided by technology, it is available only the total amounts of 

waste for all the technologies. So, for the calculations, this number is going to be only one for 

the studied year and the same for all technologies (it is not going to be a problem because of 

the next topic). 

Finally, the proposal is that the average of the three topics talked above are going to be 

multiplied by the percentage represented by which of the technologies in the energy 

generation scenario of Iberdrola. 
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Figure 28 - Iberdrola Circularity Measurement Opportunities. 

So, as an example, the Energy Generation circular economy was tried to be measured. The 

data available by the Iberdrola Sustainability Report of 2018 would be used for the calculations 

in case it is approved and validated. As described above, the proposal is to divide the 

measurement of circular economy in the Energy Generation by three principal categories of 

indicators as follows on Figure 29. 

 

 

Figure 29 - Iberdrola Circularity Measurement in the Energy Generation Category Indicators. 

Waste generation and management

Average performance efficiency 

Circularity Indicators Category

By technology

By technology

By power plant*
*when available

AVERAGE BY 
TECHNOLOGY

0 = LINEAR
1 = CIRCULAR

Material used as fuel by energy produced
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By those categories of indicators, the first one could be calculated with a relationship between 

the energy in GJ of the materials used as fuel and the GWh generated.  

The second category would be based on the efficiency of the power plants, where in the case 

of the renewable energy generation, the efficiency would be considered as 1, once it is not 

taken to account the climate conditions and availability to generate the energy. Instead, it 

would be considered that all energy input in the renewables (that does not come from materials 

but naturally), and then the 100% converted to power energy. 

And the third and last one is the waste generation and management, the quantities of waste 

recycled, reused, or recovered, and the waste send to disposal in landfills or incineration. 

Taking to account the hazardous and non-hazardous waste generated in the energy 

generation processes (Figure 30). 

 

Figure 30 - Iberdrola Circularity Measurement in the Energy Generation Category Indicators 

Example 2018. 

By getting the Final Circularity Index by technology, the next step would be to multiply them 

by the % of energy output of each generation technology from the year analyzed. On Table 6, 

follows an example of the % of energy output by generation technology in Iberdrola in the year 

of 2018. 

Waste generation and management

Average performance efficiency 

Circularity Indicators Average

FINAL AVERAGE INDICATOR 
WEIGHTED BY % OF ENERGY OUTPUT OF 

THE GENERATION TECHNOLOGY  

0 = LINEAR
1=CIRCULAR

Circularity Indicator for Energy Generation – Example 2018

0 = LINEAR
1=CIRCULAR

0 = LINEAR
1=CIRCULAR

0 = LINEAR
1=CIRCULAR

Material used as fuel by energy produced
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Table 6 - % Energy output by Generation Technologies in Iberdrola. Source: Iberdrola 

Sustainability Report, 2018. 

 

The most problematic point of methodology proposed is that it needs to be normalized before 

trying to calculate and get a final number. In the way it is by now, the final numbers would 

present unacceptable and different results. Those results would then, turn unavailable the 

possibility of working with this methodology. The indicator methodology needing to be better 

developed and tested, accepted, and approved, to start to be a publish and compared among 

the companies of the sector.  

So, it is concluded that it is better do not use this new methodology proposal of circular 

economy indicator for the electric sector by now, and future work is recommended on this. 

Once by now it cannot be trusted and probably is no longer expressing the reality. 

4.2.2. KEY PERFORMANCE INDICATORS (KPIs) FOR MONITORING CIRCULAR 

ECONOMY PERFORMANCE 

As there is not any standardization about each indicator has to be used to measure company’s 

circular economy, the most discussed way used by countries and organizations found by the 

literature is the Key Performance Indicators (KPIs) monitoring. 

Companies utilize KPI to evaluate their performance in comparison to standards and other 

organizations in all the sectors and in every business department. So, for Circular Economy it 

could not be an exception. As Circular Economy is in its definition a not new concept in the 
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environmental and business field, many indicators related to circular economy are already 

calculated by the organizations, being necessary just to rank and list the most relevant ones 

by each business. In the end, by benchmarking, it could be compared the company’s 

performance based on those indicators listed as KPIs. 

By literature, it is available a benchmarking done by IHOBE, where they listed the most circular 

economy related indicators calculated nowadays by companies of the electric sector, that 

follows on Table 7. 

Table 7 - Benchmarking of the Circular Economy indicators used  in the electric sector. Source: 

IHOBE, 2019. Adapted. 

 

As showed by the table, 100% of the companies analyzed have indicators to measure GHG 

emissions and waste management. The first one would be translated as a response of all the 

current efforts related to climate change and how the GHG emissions are directly related to it. 

The waste management is present not only in every company of the electric sector, but also 

in every business. The circular economy works out the waste management issue, that is talked 
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for many years as well as the earth scarcities of space and raw materials to produce new 

products of short lifetime and utilities. A responsible waste management from companies, 

organizations, and countries brings many opportunities related to the sustainable development 

and to the circular economy.  

Furthermore, energy and water consumption and management are also seeing as important 

factor to be measured and reported by the electric sector that represent circularity points to 

be developed. Investments and jobs, secondary materials, and environmental management 

tools are also included in the list.  

From Korse, 2015, a list of categorized indicators for Circular Economy was built and 

represents a range category with the main impacts during a product life cycle, their 

corresponding indicators and a short description of their importance and applicability (Table 

8). In Table 9, it is sub categorized by focusing in the production process of a product and its 

material impact in the product life cycle. What depends directly on the resource of material 

and on the production process, waste generation and management, and the process efficiency 

and how cyclic is a source material in this process and its respective lifetime. 

Table 8 - Categorized Circular Economy indicators overview. Source: Korse, 2015. 
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Table 9 – Sub Categorized Circular Economy Resource impact indicators overview. Source: Korse, 2015. 

 

With the centralized perspective of the indicators used by the sector, and in the literature, now, 

for Iberdrola, a range of indicators to be used to monitor the performance by each division of 

the company are presented. For the assets the Construction & Dismantling, and for the 

Operations, the Energy Generation, Transmission & Distribution, and Commercialization. 

Together they form the group of Circular Economy Key Performance Indicators proposed for 

the Iberdrola Group. 

From the Figure 28, by starting with the Operations, the first Iberdrola Circularity Indicators 

are proposed in the Figure 31, for the Energy Generation, where the Circularity Indicators 

represent the indicators that need to be calculated for which category considered critical in the 

energy production. 
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Figure 31 - Propose to Iberdrola of Circularity Indicators for the Energy Generation. 

Then, Iberdrola Circularity Indicators for the Grids, Transmission & Distribution are 

proposed in the Figure 31, where as well as for the Energy Generation, the Circularity 

Indicators represent the indicators that need to be calculated for which category considered 

critical in the energy production. 

 

Figure 32- Propose to Iberdrola of Circularity Indicators for the Transmission & Distribution. 

- Total energy of materials input
- Total net energy output
- Total energy consumption in the generation process

- Hazardous & Non-hazardous waste generation
- Hazardous & Non-hazardous waste recycled, reused, or recovered
- GHG emissions
- GHG recuperation
- Wastewater reused
- Wastewater discharged

Materials input to produce energy

Waste management

Circularity IndicatorsCircularity Indicators Category

- Type of materials input
- Materials Consumption
- Water intake

- Network losses

- Hazardous & Non-hazardous waste generation
- Hazardous & Non-hazardous waste recycled, reused, or recovered
- GHG emissions
- GHG recuperation

Materials input in maintenance

Waste management

Average network efficiency 

Circularity IndicatorsCircularity Indicators Category

- Type of materials input
- Materials consumption
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Continuing, the Iberdrola Circularity Indicators for the Commercialization are proposed in the 

Figure 32, where as well as for the Energy Generation, the Circularity Indicators represent the 

indicators that need to be calculated for which category considered critical in the energy 

production. 

 

Figure 33 - Propose to Iberdrola of Circularity Indicators for the Commercialization. 

For the last one, the Iberdrola Circularity Indicators for the Construction & Dismantling are 

proposed in the Figure 33, where as well as for the Operations, the Circularity Indicators 

represent the indicators that need to be calculated for which category considered critical in the 

energy production. 

- % of Renewables commercialized
- % of Non-Renewables commercialized

- Product’s lifetime
- Product’s utility
- Material net balance

- Hazardous & Non-hazardous waste generation
- Hazardous & Non-hazardous waste recycled, reused, or recovered
- GHG emissions
- GHG recuperation
- Wastewater reused
- Wastewater discharged

Energy Mix in the Market

Waste management

Products selling

Circularity IndicatorsCircularity Indicators Category
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Figure 34 - Propose to Iberdrola of Circularity Indicators for the Construction & Dismantling 

And the resume of all the indicators showed above are presented on the table below, 

represents the group of the Circular Economy Key Performance Indicators proposed for 

monitoring for the Iberdrola Group at the corporate level, including the Assets and the 

Operations. 

- Type of materials input
- Water intake

- Product’s lifetime
- Product’s utility
- Material net balance

- Hazardous & Non-hazardous waste generation
- Hazardous & Non-hazardous waste recycled, reused, or recovered
- GHG emissions
- GHG recuperation
- Wastewater reused
- Wastewater discharged

Materials input

Waste management

Life Cycle Analysis 

Circularity IndicatorsCircularity Indicators Category
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Table 10 - Resume of the Circular Economy Key Performance Indicators proposed for the Iberdrola Group 

monitoring  

 

In conclusion, the waste management is always present in every division of the company, 

being this, a sector that needs to improve in management, innovation, and solutions at the 

corporate and in all company levels. The materials input are also really important and present 

in many of the divisions, being part of the Life Cycle Analysis and it is most of the times present 

at the same than the materials output and waste management. In the total, each company 

division has 3 categories, being 12 in the total of the group (even though they are repetitive, 

each one represents the quantities for each division, being possible to summarize it at global 

level with simple calculations). About the indicators, they follow the same line of what happen 

in the division and that is reflected to the group, but if the analogue indicators are grouped, 

the total number of the Circular Economy Key Performance Indicators proposed for monitoring 

for the Iberdrola Group at the corporate level, including the Assets and the Operations, plus 

the last two ones proposed from a corporate level, would be of 21 (Table 11). 

Type of materials input
Water intake
Hazardous & Non-hazardous waste generation
Hazardous & Non-hazardous waste recycled, reused, or recovered 
GHG emissions
GHG recuperation
Wastewater reused
Wastewater discharged
Product’s lifetime 
Product’s utility
Material Net balance
Type of materials input
Materials Consumption 
Water intake
Total energy of materials input
Total net Energy output
Total energy consumption in the generation process 
Hazardous & Non-hazardous waste generation
Hazardous & Non-hazardous waste recycled, reused, or recovered 
GHG emissions
GHG recuperation
Wastewater reused
Wastewater discharged
Type of materials input
Materials Consumption 

Average network efficiency Network losses
Hazardous & Non-hazardous waste generation
Hazardous & Non-hazardous waste recycled, reused, or recovered 
GHG emissions
GHG recuperation
% of Renewables commercialized 
% of Non-Renewables commercialized
Product’s lifetime 
Product’s utility
Material Net balance
Hazardous & Non-hazardous waste generation
Hazardous & Non-hazardous waste recycled, reused, or recovered 
GHG emissions
GHG recuperation
Wastewater reused
Wastewater discharged

Waste management

Materials input in maintenance

ASSETS Construction & Dismantling

Products selling

OPERATIONS

Life Cycle Analysis 

Transmission & Distribution

Energy Generation

Waste management

Materials input

Materials input as fuel to produce energy

Average performance efficiency 

Waste management

Energy Mix in the Market

Commercialization

Waste management
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Table 11 – Grouped Circular Economy Key Performance Indicators proposed for the Iberdrola Group monitoring  

 

4.3. PLAN OF IMPROVEMENTS FOR THE ELECTRIC SECTOR BY CONSIDERING 

VALUE CREATION AMONG SUPPLIERS, THE GROUP, AND CLIENTS 

By a benchmarking of circular economy actions in the electric sector recorded by the Ihobe 

Environmental Agency, 2019, a list of good circular economy practices to be implemented to 

any company in the electric sector was elaborated. This list that follows is based on actions 

that are already being made by the companies and that can be as an example to any other 

organization as middle term or long term objectives. 

• Optimize resource consumption 

• Waste management 

• Byproducts 

Type of materials input
Materials consumption 
Water intake
% of Renewables commercialized 
% of Non-Renewables commercialized
Product’s lifetime 
Product’s utility
Total materials input
Total materials output
Total energy of materials input
Total net Energy output
Total energy consumption in the generation process 
Network losses
Hazardous & Non-hazardous waste generation
Hazardous & Non-hazardous waste recycled, reused, or recovered 
GHG emissions
GHG recuperation
Wastewater reused
Wastewater discharged
Job generation
Investiments in improvements
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• Cooperation to other companies 

• Heat recovery 

• Renewable energies 

• Renewable gas (Biogas)  

• Decentralized energy 

• Digital network 

• Decarbonized energy 

• Plants dismantling 

• Circular Procurement 

• Electric Mobility 

• Life Cycle Analysis 

Follow the line of improvements, a SWOT matrix with the improvements proposed to the 

electric sector in favor to the Circular Economy into the business was elaborated. Those 

matrixes are based on Iberdrola’s KPIs, from the previous section, ranked by technology. In 

the end, this study provides a SWOT matrix as a summarize for the companies of the electric 

sector in general, and a compilation of the most relevant improvements proposed for each of 

the technologies. 

 

 

 

Figure 35 - SWOT matrix for the Renewable Energy generation technology 
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Figure 36 - SWOT matrix for the Nuclear generation technology 

 

 

 

Figure 37 - SWOT matrix for the Combined Cycle generation technology 
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Figure 38 - SWOT matrix for the Cogeneration generation technology 

 

 

 

Figure 39 - SWOT matrix for the Conventional Thermal generation technology 
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Figure 40 - SWOT matrix for the Electric Sector 
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Now, the most external harmful point highlighted here as threats is the resource materials 
scarcity. This threat is totally related to all the others of this section, once the environmental 

impacts from incorrect or lineal waste disposal and extensive raw materials use, drives to high 

commodity prices of raw materials and products. Here we can see how relevant is to analyze 

the value chain integrated to the suppliers and clients, because they are all connected. And it 

is because of that the external cultural mentality change matters so much.  

For still external, but now helpful points, the opportunities most evaluated are the importance 

to extend the materials life cycle for more sustainable and circular processes. Mostly, the way 

it can be done is no longer impossible and it is necessary for many other benefits, and it 

includes the improvement of suppliers, company, and clients synergy to improve 

management and competitiveness (ODS12). 

The last analysis is made on the internal strengths, that are what help the business to develop, 

and in this case, that develop the business in a circular way. By today, the biggest circular 

strengthen of an energy generation company is its percentage of installed capacity on 
renewable energy. As it was said before, it is the most circular generation source, so as much 

of this technology, more in the way to circularity is a company going to. At the same 

perspective, when not using renewable energy, in the case of a less circular technology of 

generation, the non-renewables, the efficiency generation processes need to be constantly 

improved with the objectives of reducing material uses and more waste generation. 

5. CONCLUSION 

However, to implement this new circularity model it is necessary to change the traditional 

approach towards the market, customers and natural resources. This change of focus requires 

a change of mentality at all levels of society (companies, public institutions, and population), 

leaving aside the linear model of consumption "take-make-dispose" and arrive at a circular 

model, optimizing to the maximum the resources, products, parts, and materials that allow to 

prolong their useful life, and their percentiles of reuse, remodel, and recycle. 

Circular economy as a sustainable production and consumption system can be considered a 

viable alternative to the current linear system and its dreadful impacts to human life and to the 

environment. For instance, it can provide the necessary means for human survival, offering 

several economic opportunities (such as new jobs and business opportunities), as well as 

mitigating climate change effects, through the reduction of waste and more efficient use of 

resources.  
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The main goal of the present work was to create a practical and useful proposals of 

improvements for the implementation of aspects that support circular economy to be moved 

forward from Iberdrola Group.  

Meanwhile, the objective of measure the circular economy in the different divisions and levels 

of the company, was not able to be found by a single circularity indicator, as other companies 

of the sector propose. It was better covering the specific topics of circular economy, a list of 

Key Performance Indicators (KPIs), to be monitored and compared to other companies of the 

electric sector, by achieving to points of improvement and the biggest opportunities of the 

company for the next years to the plan of descarbonization and electrification of the systems 

with improvements in renewable energies.  

From the analysis of the existing indicators, the tries to calculate and create a single indicator 

for the electric sector, and the elaboration of the SWOT matrix for each of Iberdrola’s divisions, 

bring the most important topics to be worked on and improved. Those improvements include 

in most of the times, better management of the materials, in and out of the processes, what 

includes one of the most talked issues defined by the circular economy concepts, the waste 

management, lack of natural resources, and the general improvement of generation 

processes efficiencies. 

The circular economy topic has a long pathway to cross, including a change of mentality, a 

completely new market policy, and it includes many countries and organizations to be renewed 

and reformulated for these new changes.  For that, the circular economy shows now, as a 

concept that will be present more and more, day by day, into business and companies, 

generating many opportunities of innovation, digitalization, new business, and jobs. The 

circular economy is scalable, and a sustainable development opportunity to the nowadays 

business survive in the close future.  

Including, all the company policies related to waste management, circular economy and any 

other related fields, such as sustainable strategies and smart specialization, could provide 

valuable insights over circular economy and the existent limitations to the business. 

Nevertheless, it was not possible to make an in-depth construction of a specific indicator to 

measure circular economy for the electric sector, due to time constraints and the volume of 

documents that should be assessed. Thus, the amount work that this analysis would require 

was not consistent with the schedule of the present research and is proposed as a future work 

for the companies of the sector and experts.  
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