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A B S T R A C T  

 

The pandemic scenario caused by Covid-19 generated negative impacts. Covid-19 has made it clear 
that our daily lives depend to a high degree on access to energy. Therefore, now more than ever, it 
is necessary to promote new activities such as local food production, but also local energy capture. 
This article is an attempt to expose and quantify the benefits of a renewable energy transition in 
Ecuador post Covid-19 and post-oil. The generation, consumption, and reserves of oil in Ecuador 
were characterized, and the concept of energy transition was applied to evaluate the possibilities 
of integration of renewables, the progressive exit of thermal power plants, and future energy 
strategies. The year 2015 was taken as a basis and it was determined that energy use was 154.0 
TWh / year, which corresponds to an end-user of approximately 147 TWh / year. The objective 
was to reduce this end-use demand to 80.0 TWh/year by 2055 through the integration of 
renewables and energy efficiency, for which 5 transition phases were planned until a 100% 
renewable system was obtained. It is concluded that the energy transition in Ecuador is technically 
possible and economically viable, without giving up the energy well-being that we currently enjoy. 
However, results show that even 100% renewable is not enough to face climate change. 

doi: 10.5829/ijee.2022.13.01.01 
 

 
INTRODUCTION1 

 

Energy systems are an essential part of the functioning of 

cities, requiring a reliable and abundant supply of 

electricity, as well as other services such as water, fuel for 

transport, or food [1, 2]. In short, our daily life depends 

on access to energy. For a moment, imagine what we 

would do one day without hot water, without electricity, 

without gasoline, and in lockdown due to Covid-19. 

Given this very high dependency, it is paradoxical that we 

are not concerned with operating with an obsolete energy 

model [3-5]. 

Covid-19 by affecting the world economy and 

reducing the price of oil makes clear the need to change 

the energy model, overcome the era of dirty fossil fuels, 

and make the transition towards the era of clean energy 

flows [5]. A world based on renewable energy, clean of 

pollution, cheaper, is technically possible and 

economically viable. Now is the time for politics [6]. 

 

*Corresponding Author Email: : mfani@aut.ac.ir (M. Fani) 

Without giving up one iota of the energy well-being that 

we currently enjoy, meeting the needs and preparing the 

system for the future [7]. 

The double crisis of fossil energy resources, 

availability due to depletion, and pollution forces us to 

advance in the renewable energy transition [8]. The 

detailed analysis of electrical uses, their links with the 

resources of the territory, the economy, and the 

environment offers very valuable information to project 

the energy transition [9]. 

In the last 5 decades, Ecuador has based its growth on 

fossil fuels, both in its energy uses for transport and 

mobility, industry, electricity generation, air conditioning 

in buildings, automotive agricultural machinery, etc. in its 

by-products (plastics, synthetic rubber, fibers, resins, 

packaging, bottles, clothes, carpets, diapers, cables, pipes, 

medicines, insecticides, aerosols, lighters, paints, etc.), 

which are part of our lives [10-15]. This has resulted in a 
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strong dependence on fossil fuels that has put the 

sovereignty and economic stability of the country at risk . 

This dependence necessarily has to decrease because the 

generation of electricity with fossil fuels is costly and 

polluting [16]. In addition, the price of crude oil has 

shown great volatility in recent years, making it 

impossible to make medium-term projections [11]. 

Covid-19 has only exaggerated this trend of price 

instability due to falling demand for oil [17]. In addition, 

an unprecedented economic crisis is anticipated, which 

reveals the volatility of the current energy model based on 

fossil fuels and global energy markets, with great 

environmental and social impacts both in producing and 

consuming areas [18]. Therefore, the need to accelerate 

the transition to renewable energy sources in Ecuador is 

unavoidable  [7]. In this scenario of Covid-19 and energy 

transition, the importance of emphasizing the context of 

each country is highlighted, since economic, social, 

political, and geographical particularities are factors that 

will influence the implementation of the energy transition 

[19] . 

In the case of Ecuador, it is essential to reduce external 

dependence on fossils, therefore, the energy transition is 

one of the vectors that must be implemented to reduce the 

bill that is paid for importing what is called primary 

energy in the form of fossil fuels (derived from oil and 

gas). 

 
 
METHOD  
 
The method is based on the application of the temporary 

energy transition model. The most recent analyzes of the 

transformation of the energy system offer an overview 

and outline some key characteristics of the energy 

transition [20-23]: they analyze the energy needs of a 

territory [9], they determine the order of implementation 

of renewable energies [10] and some are betting on 

hydrogen as an energy vector to store renewable energy 

to solve the problem of synchronism between electricity 

generation and consumption due to the intermittences of 

renewables [24]. The concept of temporary 

implementation of energy transition shown in Figure 1 is 

based on models that describe the demand and supply of 

energy using aggregate figures that are very useful to 

explain the national and regional context of territory in 

transition [25]. The data have been taken from official 

sources, the electricity generation of the National 

Electricity Operator (CENACE), the consumptions of the 

Ministry of Electricity and Renewable Energy (MEER), 

the natural resources of the Latin American Energy 

Organization (OLADE), and reserves of oil from the 

Organization of Petroleum Exporting Countries (OPEC) 

[26]. 

However, considering mentioned facts is very 

important in the implementation of every energy 

transition plan, but a structural shift is occurring across 

industries stemming from social, environmental, and 

governmental pressures towards a low-carbon and 

sustainable future. These changes are growing in number, 

due to the sustainable development goal and global 

interest in climate change mitigation programs [27]. 

This paper proposes Figure 1 as an energy transition 

insights schema to help to structure every program 

implemented in this section and across the complete 

energy and natural resources, chemicals, and agribusiness 

industries to provide the most comprehensive intelligence 

available on the changing energy landscape. 

 

 

RESULTS AND DISCUSSION 
 

Energy system details 

A quantitative analysis of the energy production of 

Ecuador was carried out. In Figure 2, it is observed that 

in 2018 81% of the production corresponds to oil, 4.5% 

to natural gas, 4% to biofuels and waste, and 10.5% to 

hydropower [28]. 

 

 

 
Figure 1. Scheme of the key drivers of the energy transition and 

questions which must be answered in any planning and strategy 

for energy transition phenomena. Source: Author-made 

 

 

 
Figure 2. Energy supply 1990-2018 Source: Author made 
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A quantitative analysis of the electric power 

generation of Ecuador was carried out. In Figure 3, it is 

observed that in 2017 83.88% of the production 

corresponds to hydroelectric generation, 14.4% to 

thermoelectric generation, 1.64% to non-conventional 

generation, and 0.08% to the imports from Colombia, and 

energy from Peru is stopped being imported [29-32]. 

A quantitative analysis of energy consumption in 

Ecuador by sector was carried out from 1990 to 2019. In 

Figure 4 the evolution of energy consumption by sector is 

shown. From 1994 to 2000 Ecuador suffered a series of 

events that affected its stability. In 1998 the phenomenon 

of El Niño. Between 1998 and 1999, oil prices fell. In 

1999 and 2000 the national financial system was affected 

by the bank holiday [33]. As a result, in 1999 per capita 

income fell by 9%, and it is estimated that at this time that 

at least 700,000 Ecuadorians emigrated to European 

countries and the United States of America. Starting in 

2000, a slight recovery begins that tends to stagnate in 

2003 due to political instability. The energy consumption 

portfolio in the country has consisted of 49.1% in 

transportation, 15% in the industry, 14% in the residential 

sector, 8.1% in the commercial sector, 2.9% in 

agriculture, 1.9% in non-energy use, and 9% in the other 

non-specific parts like military, etc. [34].  

In the last four decades there has been an accelerated 

increase in the consumption of fossil fuels, especially for 

transport with internal combustion engines, so that, in 

parallel, there is also an accelerated increase in 

greenhouse effect emissions. This added to the depletion 

of oil reserves makes the need to plan an energy transition 

urgent and accelerated [35]. 

The Latin American Energy Organization (OLADE) 

has determined that the usable water potential of Ecuador 

is approximately 21,900 MW. Only 15% of this total 

available has been exploited. According to the Solar Atlas 

of Ecuador for electricity generation purposes, the solar 

resource that Ecuador's surface receives is 4,245 Wh/m2.d  

 

 
 

Figure 3. Electricity generation 1990-2019. Source: Author-

made 
 

of average annual insolation. Insolation levels above 4000 

Wh/m2.d are considered technically and economically 

feasible [36]. 

According to the Minister of Electricity and 

Renewable Energy of Ecuador, the minimum wind 

potential is 884.22 MW of capacity, in short-term 

projects. Technically usable sites with annual average 

wind speeds above 7m/s, below 3000 meters above sea 

level, and with a distance of less than 10 km from the 

transmission networks and highways have a capacity of 

155 MW in continental Ecuador. On the other hand, 

according to the plan for the use of geothermal resources 

in Ecuador, there is a theoretical potential of 6500 MW 

and in pre-feasibility studies 400 MW [37]. 

If all this usable potential of solar, wind, hydraulic and 

geothermal energy is exploited, it would seem sufficient 

power to cover national demand, but this is not the case 

due to the dry season, where more than 40% of thermal 

power plants would have to be integrated into the national 

interconnected system SNI. However, it was considered 

reasonable to assign a target demand of 80.0 TWh/year, 

which is the sum of the usable resources [30]. 

The concept of temporary implementation of the 

energy transition provides several post-fossil alternatives. 

The diagram in Figure 2 summarizes in general terms 

what planning for the orderly development of a new 

energy model could be. The year 2015 is taken as a base 

and evolves until a 100% renewable energy system is 

obtained in a 40-year period in which an ordered 

correlation can be established in 4 phases of 10 years [18, 

31]. 

In the case of Ecuador, we have that primary energy 

use in 2015 was 154.0 TWh/year, which corresponds to 

an end-user of approximately 147 TWh/year, having an 

end-use demand target of 80.0 TWh/year by 2055 [38]. 

 

Energy transition  

Ecuador’s Constitution of 2008 explicitly states that the  

 

 

 
Figure 4. Evolution of energy consumption by sectors. Source: 

Author-made 
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government will promote the use of clean and alternative 

energy sources [39]. This commitment sits alongside 

other pledges to promote energy efficiency, provide 

access to public services, preserve the environment and 

maintain food and water security, among others. In 

August 2015, the Ecuadorian government announced a 7 

billion U. S. dollars (USD) program for the country’s 

energy transformation. Government officials stated that 

by the end of 2015, 93 percent of the country’s electricity 

will be sourced from hydropower. The country is also 

investing in other forms of renewable energy, such as 

wind power through the 16.5MW wind farm in Villonaco 

and solar energy projects in the Galapagos Islands [40].  

The National Plan for Good Living 2013–2022 

(PNBVSENPLADES 2013-2017) sets a target of 

reaching 60 percent of national capacity from renewable 

energy sources by 2017. Objective 11.1 of this National 

Plan lays special emphasis on hydropower and bioenergy. 

The Electrification Master Plan 2013–2055, approved by 

Resolution CONELEC 041/13 [41], puts forward plans 

for 25 hydropower projects totaling 4.2GW of new 

capacity by 2022, as well as an additional 217MW of 

solar, wind, and other non-conventional renewables. 

Previously, the National Plan for Good Living 2009–2013 

had set out a target of six percent of installed capacity 

being sourced from renewable energy which was 

ultimately successful in decreasing the share of 

unrenewable energy in Ecuador's portfolio  (other than 

large hydro) by 2013 (see Figures. 3 and 5) [42]. 

Figure 6 shows that Ecuador has been a successful 

case in greening the energy sector and move toward the 

100% transition. The least impact of Energy intensity and 

carbon intensity of the energy section in the rising Carbon 

emission index shows this fact [43]. However, this figure 

shows the fact that the decarbonization of the energy 

section or transition to 100% renewable is not enough to 

control the growing climate change concerns. Therefore,  

 

 

 
Figure 5. Evolution of power production by the carbon emission 

amount. Source: Author-made 

considering other drivers such as population and other 

economical sections is also very important. 

Other policies used by the Ecuadorean government 

to implement energy transition principles are mentioned 

below [44]. The regulatory framework for electricity is 

the Electric Law of 2015, which explicitly states an 

objective of promoting renewable energy sources, 

including solid-waste biomass. This law establishes that 

the Ministry of Electricity and Renewable Energy 

(Ministerio de Electricidad y Energía Renovable – 

MEER) is the governmental entity in charge of the 

regulation and planning of the entire power sector of the 

country, and hence carries the responsibility of promoting 

renewable energy. The law sets out preferential 

regulations for renewable energy, which are still under 

development by the newly created electricity agency 

(ARCONEL) and are expected to be issued in the second 

half of 2015. Previously, the Electric Law of 1996 

mandated the now-disbanded National Electric Council 

(CONELEC) to promote renewable energy through 

special dispatch regulations [45]. 

From 2000–2015, Ecuador had a feed-in tariff 

system to support renewable electricity deployment. The 

feed-in tariff evolved in terms of duration, rates and 

technologies included. In 2013, Regulation CONELEC 

001/13 removed solar PV from the feed-in tariff and set 

overall technology-specific capacity limits for wind, 

biomass and biogas, CSP, ocean energy, and geothermal 

installations eligible for the tariff. In 2014, Resolution 

CONELEC 014/14 maintained the feed-in tariff only for 

biomass and biogas, with differentiated rates for the first 

time, and hydropower smaller than 30MW [46]. 

Small-scale generators smaller than 1MW do not 

require a permit for operation (Decree 1581 of 1999). 

However, to benefit from the feed-in tariffs, they needed 

to be registered with the CONELEC. The procedures for 

registration of small projects were established in 2008 by  

 

 

 

Figure 6. Evolution of carbon emission drivers. Source: Author-

made. Source: Author-made 
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Regulation CONELEC 009/08. In 2013, Regulation 

CONELEC 002/13 superseded the 2008 regulation and 

introduced two payments: a registration guarantee of 

7,000 USD for projects smaller than 500 kW and 15,000 

USD for projects larger than 500 kW; and an execution 

guarantee of one percent of the total project cost [47]. 

Grid access was facilitated by the feed-in tariff 

regulations, which mandated preferential dispatch for 

renewables. In the 2004 and 2006 feed-in tariff 

regulations, preferential dispatch was mandated until 

renewable generation reached two percent of the total 

electric system generation capacity, at which point new 

renewable energy generators would dispatch on an 

economic merit basis. In 2008, Regulation CONELEC 

013/08 established preferential dispatch for renewable 

electricity, up to a maximum of six percent of operative 

installed capacity [32]. In 2012, Resolution CONELEC 

102/12 exempted hydro, biomass, and geothermal from 

the preferential dispatch limit. 

When a project developer builds a transmission line 

to connect a renewable energy project to the grid, it can 

obtain compensations for its expenditure, the levels of 

which were established by the feed-in tariff regulations of 

2002, 2004, and 2006 as an additional 0.06 

cents/kWh/Km, with a maximum cost of 1.5 

cents/kWh/Km [36]. Since 2013 (Regulation CONELEC 

001/13), connection to the grid requires the payment of a 

non-refundable fee (10.000 USD for projects larger than 

1MW and 5000 USD for projects smaller than 1MW) to 

the transmission or distribution company for a connection 

feasibility study. Payment of the fee does not guarantee a 

connection. Once a project is cleared for connection, a 

guarantee of 0.5 percent of total investment is required, 

refundable when the project begins operation on the 

agreed timelines [48]. 

Fiscal incentives were provided by the Electric Law 

of 1996, which provided import duty exemptions for 

solar, wind, geothermal, and biomass equipment, as well 

as a five-year income tax exemption for renewable energy 

developers. The 2015 Electric Law does not contain 

similar fiscal provisions. Since 2011 (CONELEC 004/11) 

renewable energy projects receiving the feed-in tariff 

must contribute an amount (per kWh generated) to social 

and community development projects (Estado del Buen 

Vivir). As of 2014 (CONELEC 014/14), the amount is as 

shown in the below table [49]. 

Subsidies for electricity and fuel are major barriers to 

the promotion of energy efficiency programs and 

renewable energy use in the manufacturing, service, and 

residential sectors. Although subsidies and the total 

absorption of investments by the state may constitute a 

risk to the financial sustainability of long-term projects 

(due to the pressure exerted by these measures on the 

national economy), this risk can be mitigated with the 

appropriate security and investment protection measures. 

However, there may be other institutional barriers. There 

remains, for instance, the problem of coordinating efforts 

between various government and private institutions to 

reach all end-users of energy [26]. 

Renewable energy sources are expected to play a 

growing part in meeting future energy demands, and with 

the right government, support will ideally one day end 

Ecuador’s dependence on imported fossil fuels [27]. 

Considering all these regulations implemented in the 

Ecuadorian energy sector to drive the energy transition, 

the results shown in Figure 7 illustrate the carbon 

intensity in the energy sector from 1990 to 2018, which 

shows a steady decreasing trend of the carbon emitted for 

a unit of energy produced. This trend shows the success 

of the energy transition policy in the Ecuadorian energy 

system. 
 

 
 
DISCUSSION 
 
In the last decade, in continental Ecuador, the wind and 

solar potential began to be exploited due to the need to 

diversify the energy matrix and increase the capacity of 

the system. Wind generation began to be implemented in 

2012 with the construction of the Villonaco Wind Power 

Plant. This was the first large-scale wind project located 

in the province of Loja, in southern Ecuador [12, 22]. 

Since then, the National Institute of Energy 

Efficiency and Renewable Energies INER developed a 

macro methodology to determine the best location for 

wind plants in Ecuador, and it shows that the Andean 

region of Ecuador has significant potential for wind 

generation [13, 28]. 

In the first phase of 2015-2025, the transition begins 

with the application of energy efficiency measures and 

the implementation of energy technologies (thermo-solar, 

biomass, mini-wind, solar roofs). The construction of 

large renewable plants is characterized to compensate for 

the output of fossil plants. Learning processes and incen- 

 

 

 
Figure 7. Ecuadorian energy transition to a greener energy 

sector. Source: Author-made 
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-tives are carried out to increase the popularity and 

adoption of decentralized generation systems at the 

regional and urban levels [50]. By 2025, all new power 

plants are expected to be powered by renewable energy 

sources [24]. 

At the residential and commercial level, all devices 

and machines will be powered by electricity (heating, 

drying, and cooking of food). This is feasible because 

versions of all these products are already available and 

can be used without any adaptation. At the end of the 

period, global demand could be: 130.0 TWh/year, and the 

demand for fossil fuels and natural gas would be 110 

TWh/year [23, 51]. 

The second phase 2025-2035 is characterized by the 

massive implementation of decentralized renewable 

energy systems (solar roofs, mini-wind, virtual energy 

storage, and management systems, demand management, 

and electric vehicles). At the end of the period, global 

demand could be: 100.0 TWh/year, and the demand for 

fossil fuels and natural gas would be 20 TWh/year [30, 

52]. 

The expansion of renewable energies with variable 

sources requires considering technologies to ensure the 

stability of the network, so it is necessary to plan together 

with the expansion the implementation of storage systems 

that allow energy management and boost the energy 

autonomy of cities [28, 53]. 

In the field of transport, by 2035 all buses, trucks, and 

light cars will be electrified or will use electrolytic 

hydrogen. This will require changes in the energy supply 

infrastructure. However, if all transport vehicles can run 

on batteries (electric and/or hydrogen) this would 

simplify the conversion because the supply and recharge 

points would be everywhere in the form of electric 

stations, therefore this can take from 10 to 15 years for 

manufacturers to fully overhaul and for sufficient backup 

power supply infrastructure [11, 54]. 

The third phase 2035-2045 is the phase of 

consolidation of the actions undertaken, the new users are 

integrated into the system, the remaining mobility 

systems are converted to electric traction, and the 

pedagogy programs on energy efficiency and savings are 

maintained. At the end of the period, global demand could 

be: 85.0 TWh/year, and the demand for fossil fuels and 

natural gas would be 4 TWh/year [11,55]. 

The fourth phase 2045 - 2055 shows the projection 

of energy demand by source, BAU scenario (358,000 

GWh), and the estimated target demand (80,000 GWh) 

with a 100% renewable energy infrastructure (zero fossil 

fuels) [23, 56]. In 2055, the management of a 100% 

renewable system begins and this must be supported by a 

system of measurement and data acquisition in real-time 

at the aggregate level (substation feeders) and 

disaggregated (at the user level). In addition to integrating 

the management of storage systems to optimize 

renewable generation [31]. 

During the transition, conventional fuels will be needed 

along with existing renewable technologies to produce 

the remaining renewable infrastructure. Furthermore, the 

use of such fuels results in the respective carbon 

emissions in the life cycle. The importance of energy 

efficiency, the integration of renewable energies to reduce 

the demand for fossil fuels, pedagogy in good uses of 

energy, and the conversion of transport and mobility to 

electric traction is highlighted. 

 
 
CONCLUSION 

 
This paper is after studying Ecuador as one of the 

premiers of the energy transition in the post-covid-19 

world. The results of this paper show that Ecuador was 

mainly successful in implementing a “100% renewable” 

policy which is supported by its new constitution (called 

the green constitution). But the total carbon emission 

shows that, despite decarbonization in the energy 

industry, the total amount of carbon emissions is rising 

due to economic and population growth. Thus this paper 

discusses that the 100% renewable policy cannot be 

enough to face the climate change issue and a deeper 

revision of the development theory and economic system 

is needed to be implemented. 
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Persian Abstract 
 چکیده 

  یهاتیلازم است فعال  یگریاز هر زمان د  شیاکنون ب   نی دارد. بنابرا  یبستگ  یبه انرژ  یبه دسترس  یادی روزمره ما تا حد ز  یروشن کرده است که زندگ  19- کووید

  یانتقال انرژ  یای مزا  یزسایو کم  یآشکارساز   در راستای مقاله تلاش    نیشود. ا  جیترو   زین   ی محل  ی جذب انرژ  و حتی  یمحل  ییمواد غذا   دیمانند تول  یدی جد

  یهایامکانات ادغام انرژ  ی اب ی ارز  یبرا  ینفت در اکوادور مشخص شد و مفهوم انتقال انرژ  ر ی، مصرف و ذخا دیاست. تول  19-کوویددر اکوادور پس از    ری دپذی تجد

گردید  به عنوان مبنا در نظر گرفته شد و مشخص    2015  ل به کار گرفته شد. سا  ندهیآ  ی انرژ  یهایو استراتژ  یحرارت  یهاروگاهین   یجی، خروج تدر ریپذ   دی تجد

. هدف  خوانی داردهمسال  تراوات ساعت در  147 با مقدار تقریبی یی نها کنندهمربوط به مصرفبا مصرف سال است که   تراوات ساعت در  154 ی که مصرف انرژ

آن    یکه برا یابد اهشک  ی انرژ  یورو بهره  ریدپذ ی تجد  یهایادغام انرژ  قیز طر سال ا تراوات ساعت در  80به    2055تا سال    یی مصرف نها  یتقاضا  نی بود که ا  ن یا

  ریامکان پذ   یدر اکوادور از نظر فن  یاست که انتقال انرژ آن    حاصله   جه یشد. نت  یزی ربرنامه  ر یپذ دتجدی   درصد  100  ستمیس  کی مرحله گذار تا بدست آوردن    5

 . باشدمیمقرون به صرفه  شودبرده می بهره که در حال حاضر از آن  یدر رفاه انرژ ییجوبدون صرفه  زین   یاست و از نظر اقتصاد

 


