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Abstract. Current economic growth leads to scientific research and the development of new 
technologies to be concerned with mitigating CO2 emissions. This article analyzes the future 
scenarios of CO2 emissions, related to energy consumption and economic growth that could be 
presented in Ecuador by 2030 by designing a model based on Systems Dynamics. Greater 
economic activity can have a positive impact on the environment. The economic projections do 
not predict a hopeful panorama for Ecuador. Consequently, these will not be a factor that 
contributes to a decrease in emissions, so policies that improve the quality of life of Ecuadorians 
are necessary. Projections considering a 50% and 70% share of hydroelectric energy would result 
in the emission of 27.36 and 15.03 MtCO2, respectively. In Ecuador, sectors such as transportation 
or industry have tended to consume more fossil energy, which leads to the production of a more 
significant amount of emissions. 
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1 INTRODUCTION 

During this last decade, the detection of impacts caused by historical global warming has increased 
substantially, including documented impacts on agriculture, human health, and ecosystems. 
Quantifying these historical impacts is critical for understanding the costs and damage of global 
warming and for designing and evaluating climate mitigation and adaptation measures (Mirzaei & 
Bekri, 2017). The impact of historical warming on economic inequality is of particular concern 
(Campo Robledo & Olivares, 2013). Increasing evidence shows that a changing climate affects 
poorer countries or individuals more negatively due to the lack of resources for environmental 
protection or because they reside in warmer regions where additional warming would be 
detrimental to both productivity and health (Saidi & Mbarek, 2015) (Nain, Ahmad, & Kamaiah, 
2015). 
Air pollution associated with the production and use of energy directly affects the local air quality 
and the global climate. Nowadays, pollution influences premature mortality. The majority of 
deaths occur in the urban centers of China (1.4 million), followed by India (645,000) and Pakistan 
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(100,000) (Arroyo & Miguel, 2019). Pollution causes more deaths per year than AIDS and malaria. 
According to a recent study by the University of California, the number of direct or indirect victims 
of contaminated air can reach double by 2050 (BP, 2019). 
World energy demand grew 2.3% in 2018, more than double the growth rate in 2016. Fossil fuels 
covered 70% of the growth in energy demand worldwide. Energy demand in all advanced 
economies contributed more than 20% of the growth in global energy demand, although its share 
of total energy use continued to decline. The energy generation from renewable sources continued 
to grow in two digits (Tang & Vijay, 2001). 
According to a report by the BP Statistical Review of World Energy in 2019, the world's total CO2 
emissions were 33890.8 (Million tons of carbon dioxide). Although Ecuador represents a 
minimum percentage of total emissions, in the same year, there were 37.10 (Million tons of carbon 
dioxide) (BP, 2019), a value showing an increase from the previous year. 
There are multiple links between the economy and the environment. The environment provides 
resources to the economy and acts as a sink for emissions and waste. Natural resources are essential 
inputs for production in many sectors. At the same time, production and consumption also lead to 
pollution and other environmental pressures. Poor environmental quality affects economic growth 
and wellbeing by lowering the quantity and quality of resources or due to health impacts 
(Allingtona, Lib, & Brownc, 2017). 
The scientific literature includes several articles that analyze the relationship between energy, 
economy, and the environment. The Sustainable Development Goals of the United Nations 
Organization show the global importance of this triple helix in the global economic scenario (Zhan, 
Zhang, Ma, & Chen, 2012). The evolution of these objectives expands the importance of affordable 
and non-polluting energy and an environment with sustainable cities and communities. 
Several kinds of research confirm a long-term relationship between CO2 emissions, energy 
consumption, and GDP (Wu, Kefan, Hua, Shi, & Olson, 2010) (Ansari & Seifi, 2013). 
Manufacturing production has had a long-term upward behavior in industrial emissions concerning 
industrial GDP. These positive long-term trends are higher among lower-income countries (Li, 
Zhang, Li, & He, 2017). Energy consumption plays a vital role in the economic growth of both 
developed and developing countries and energy exporting and importing countries (Feng, Chen, 
& Zhang, 2013). If there is higher energy consumption, there will be higher CO2 emissions. 
Economic growth can improve energy efficiency, and better technology goods are acquired, 
resulting in lower energy consumption and reduced emissions. 
Economic growth leads to higher energy consumption. Some researchers have focused on the 
causal relationship between these indicators (Saidi & Hammami, 2015). Economic growth and 
macro-variables keys are the determinants of energy consumption and, therefore, these variables 
are applied to projected energy consumption (Sterpu, Soava, & Mehedintu, 2018). Economic 
growth incites energy consumption, and economic activity determines the increase in energy 
demand (Peláez-Samaniego et al., 2007). Robalino (2014) examined the relationship between 
renewable and non-renewable energy consumption, real GDP, and CO2 emissions. 
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System Dynamics (SD) is a method that deals with the interaction of various elements of a system 
in time and captures the dynamic aspect by incorporating concepts such as stock, flows, feedback, 
and delays, thus providing a view of the dynamic behavior of the system in time (Dyson & Chang, 
2005) (Sterman, 2000). The SD has been used to help understand complex socio-ecological 
systems and is considered a valuable resource for thinking about sustainable future scenarios (Esso 
& Keho, 2016). The modeling of the energy system is a complex problem due to the presence of 
multiple decision makers and the complexity of consumer behaviors. The strength of this model 
lies in its ability to account for non-linearity in dynamics, feedback, and delay time (Lin et al., 
2015). 
 Mavromatidis et al., (2016) designed a model based on the dynamics of the systems to analyze 
the behavior of the social-energy-economic-climate system, where they concluded that climate 
policy plays a vital role in the design of evaluation models of the energy economy sector. Che et 
al., (2016) designed a model to dynamically simulate household energy consumption and CO2 
emissions in different conditions. Several studies investigate dynamic problems in CO2 mitigation 
strategies. 
Significant research has been conducted on the relationship between economic growth and carbon 
emissions from energy consumption (Mardani, et al., 2019) (Zhou et al., 2018). The effects of 
different types of energy consumption on economic growth and emissions are heterogeneous in 
various countries. In addition, the causality between total economic growth and energy 
consumption is bidirectional (Mirza & Kanwal, 2017). 
Different models based on the system's dynamics have been constructed to analyze the possible 
causes of carbon emissions in different countries' economic sectors (Li et al., 2017). Dynamic 
causality studies between energy consumption, CO2 emissions, and economic growth have been 
developed with an advanced multivariate modeling approach involving a model with probabilistic 
variability using a time-varying parametric approach., overcoming the bias problems of the 
missing variables and the uncertainty about the stationarity properties of the time series variables 
(Kang et al., 2019). 
Several studies have been carried out on the energy sector of Ecuador. The relevance and impact 
of energy policies implemented to change the energy matrix for 2007-2014 and its perspectives to 
2020 are analyzed in them (Tayupanta, 2016). Its energies focus on the evolution and reform of 
the electricity sector. The possible dimension of the physical impact of climate change and its 
economic quantification in different sectors has also been analyzed (Peláez-Samaniego et al., 
2007). Carbon emissions, energy consumption, and sustainable development in Ecuador (1980-
2025) were analyzed (Robalino López, 2014). Studies of carbon emissions in Ecuador were carried 
out to have a policy for their reduction (Arroyo & Miguel, 2019) (Robalino López, 2014). An 
economy that relies more on fossil fuels such as coal, gas, and oil will have more emissions than 
an economy that relies on renewable energy (Lin et al., 2015). 
Ecuador's primary energy matrix has historically been dominated by oil production. Renewable 
energies have not had greater participation in the primary energy matrix. However, hydropower 
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production increased by more than 70% between 2000 and 2015, while production from other 
primary sources such as wind and photovoltaic energy began in 2007. 
Total secondary energy production has remained at levels close to 70 million BEP between 2003 
and 2015, with Fuel Oil as the main secondary energy produced in the country, followed by diesel 
until 2011. In 2012, electricity became the second most produced secondary source; nowadays, it 
is almost on par with Fuel Oil. 
In Ecuador, six economic sectors are identified, and the final energy consumption is distributed, 
as shown in figure 1. By 2015, transportation had a 46% share of the total energy demand in the 
country's sectors. Industries reached 19% and the residential sector 13%. Nevertheless, there was 
a 4% reduction in the sector's energy consumption in the country in 2015, compared to 2014, 
despite an increase in the demand for transportation (2%) and households (1.6%). 

 
Figure 1. Evolution of secondary energy production (2000 – 2015) 

2  MATERIALS AND METHODS 

System dynamics mechanisms can be managed through an easy-to-use interface. These model 
development procedures are designed based on a visualization process that allows their builders to 
conceptualize, document, simulate and analyze dynamic system models (Dyson & Chang, 2005). 
The dynamic systems method aims to describe a problem dynamically. 
Three scenarios were prepared: BAU (abbreviation for business as usual), which refers to the 
current way the systems are being developed and what would happen if we continued under the 
same conditions. ESCN1, is an optimistic economic scenario with the implementation of 
government policies. All policies and studies proposed by the national government for future 
projections are considered. The ESCN2, regional or global scenario, considers the trends of 
countries in the region or the world. 
The study develops a model through system dynamics to estimate the production of CO2 emissions 
in Ecuador in 2030. It seeks to identify the relationship between the production of CO2 emissions 
over time with energy consumption and the economic growth of Ecuador. The variables that will 
determine the amount of CO2 emissions are economic growth and energy consumption. 
The case study method makes it possible to investigate the real-life phenomenon through detailed 
contextual analysis of a limited number of events or conditions and their relationships (Zainal, 
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2017). Yin (2018), defines the case study research method as empirical research investigating a 
contemporary phenomenon within its real-life context. 

2.1  Scenario Construction.  

Scenario planning is intended to be a technique that offers the possibility of prediction rather than 
offering alternative ways of thinking about the future based on the possibility (Derbyshire & 
Wright, 2017) (Sarpong & Amankwah-Amoah, 2015). The construction makes it possible to 
expose a set of alternatives for the future. Scenario construction may be seen as a subset of strategic 
forecasting that can create multiple possible futures to support strategy (Duus, 2015). The scenario 
construct is based on assumptions about how the future might one day look: which direction certain 
trends might take, which developments might remain constant, and which might change over time. 
Scenarios are descriptions of journeys to possible futures (United Nations Environment 
Programme, 2019). They reflect different assumptions about how current trends will develop, how 
critical uncertainties will play out and what new factors will come into play (Kosow, 2008). 
A series of scenarios were developed to identify trends in energy intensity and CO2 emissions 
related to final energy consumption in Ecuador. The scenarios necessarily include subjective 
elements and are open to different interpretations. The formulation of the scenarios is necessary to 
predict the evolution of the main variables, which can promote energy generation policies and to 
project the consumption and mitigation of CO2 emissions. 
Three scenarios were proposed for research: BAU (abbreviation of business as usual). This 
scenario refers to the current way the systems are being developed and what would happen if we 
continued under the same conditions. The ESCN1 considers all the policies proposed by the 
national government for future projections. The ESCN2 is a scenario of global trends of 
industrialized countries. 
Scenario 1 (BAU). This scenario is the continuation of the existing condition or BAU scenario 
projects the current trends identified by each nation, assumes that past trends will continue in the 
future and that no new policies will be implemented for this case of research related to energy 
production and consumption.  
Scenario 2 (ESCN1). This scenario contemplates the government plans and strategies established 
for the coming years in Ecuador regarding energy production and consumption. The following 
documents are taken into account: National Energy Agenda 2016 - 2040 (Coordinating Ministry 
of Strategic Sectors, 2016), National Energy Balance 2013 - 2017, National Energy Efficiency 
Plan 2016 - 2035 (Minister of Electricity and Renewable Energy, 2017), Electricity Master Plan 
2016 - 2025 (Minister of Electricity and Renewable Energy, 2017), Analysis of R & D & I 
opportunities in Energy Efficiency and Renewable Energies in Ecuador (National Institute of 
Energy Efficiency and Renewable Energies (INER), 2016). 
Scenario 3 (ESCN2). This scenario takes into account the environmental dimension of sustainable 
development goals, global environmental governance, multilateral environmental agreements, and 
global macroeconomic perspectives to combat climate change and its impacts, replacement plans 
for clean energy and efficiency energetic are taken consider the projections or trends of the reports 
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of organizations such as the Intergovernmental Panel on Climate Change (IPCC) ( 
Intergovernmental Panel on Climate Change (IPCC), 2018), International Energy Agency (IEA) 
(International Energy Agency (IEA), 2019) (International Energy Agency (IEA), 2019), BP (BP, 
2019), among others. 

2.2 Modeling and simulation 

The proposed system dynamics model was simulated using Vensim software, a modeling tool 
commonly used to build, simulate, and analyze dynamic model systems based on causal loops or 
stock and flow diagrams. The system dynamics model estimated energy consumption, economic 
growth, and CO2 emissions in Ecuador in 2030. The traditional energy resources of Ecuador were 
considered to achieve the research objective. The economic factor is also considered to examine 
the impact of economic growth on energy consumption and the CO2 emission system. The 
flowchart of the Economic - energy - carbon emissions system is shown in figure 2. The CO2 
emissions come from the final energy demand of the different economic sectors of the country. 

 

Figure 2. Economic – energy - carbon emissions system flow diagram in Ecuador (adapted from 
(Arroyo M. & Miguel, 2019)) 

2.3  Model validation 

Validation compares the model and its behavior to the real system (Azhaginiyal & Umadevi, 
2014). No model matches the system under study because all models are somewhat less than the 
modeled system (Barisa & Rosa, 2018). The quality of a study conducted through a simulation 
model mainly depends on its validation (Lemke & Łatuszyńska, 2013). This condition is why we 
can find its verification and validation among the many stages of creating a simulation. It is an 
essential but controversial and yet unresolved aspect of the modeling methodology (Barlas, 1996). 
Social scientists recognize the impossibility of validation, the provisional character of all models, 
and the need for a more eclectic and diverse set of tests (Sterman, 2000). 
System dynamics model designers are much more interested in dynamic trends than system 
variables’ specific values in certain years. In practice, the usefulness of a developed model is a 
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matter of great concern (Shreckengost, 1985). Forrester & Senge (1980), believe that trust is the 
best criterion for assessing the model’s behavior because there is no absolute proof of the ability 
of the model to describe reality. System Dynamics models are valid when they can be used 
confidently (Shreckengost, 1985). After the model has been calibrated using the original system 
data set, a “final” validation is conducted using the second data system. The validation of a system 
dynamics model consists of two broad components: structure validation and behavior validation. 
The validation of the structure means establishing that the relationships used in the model are an 
adequate representation of the real relationships concerning to the purpose of the study. Behavior 
validation demonstrates that the model’s behavior is "close enough" to the observed behavior 
(Barlas & Korhan, 1999). 
The model was validated by comparing the official data from 2000 to 2015 to test its predictive 
power and robustness in the first instance. Figure 3 (a) compares the simulated and historical 
energy demand of the consumption sectors that it is the generator of CO2 emissions in Ecuador. 
Figure 3 (b) compares of the stock of simulated and historical CO2 emissions. It is understood that 
the model can replicate the structure of the real system and generate significant predictions and 
helps design new policies to improve the system's future behavior. 

 
Figure 3. (a) Historic and modeled data on final energy demand; (b) registered emissions stock in 
Ecuador, 2000 – 2015. 

The validation through statistical tests was performed using two methods: (1) AME method, which 
is the average deviation value of the empirical data with simulation data. It can be written 
mathematically as follows: 

                                       𝐴𝑀𝐸(%) = × 100                           (1)                                where 

AME represents the Average Means Error, Ds are the simulation data, and De are the empirical 
data. 

(2) The second validation method was performed by calculating the mean absolute percentage 
error (MAPE), which is defined as: 

                            𝑀𝐴𝑃𝐸(%) = ∑ × 100                       (2) 
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where MAPE means absolute percentage error, At, Ft, and n are the real data, the calculated values, 
and the number of data, respectively. 
Table 1 shows the values obtained from the AME and MAPE methods. These results indicate the 
robustness of the model. In this investigation, we consider that CO2 emissions come from the 
burning of fossil fuels consumed by the six economic sectors of Ecuador. Real data and simulated 
data show the robustness of the model used. 

Table 1. Model validation results 

 

2.4  Sensitivity analysis 

System dynamics have long had a sophisticated, flexible approach to testing. We must evaluate 
the sensitivity of our results to the uncertainty in the assumptions, whether we estimate the 
parameters critically or by statistical means (Sterman, 2002). In the early 1990s, William Nordhaus 
developed the DICE (Dynamic Integrated Climate Economy) model. One of the first and most 
influential of the so-called "Integrated Climate Economy Models” (Režný & Bureš, 2019).  
The sensitivity analysis is performed to identify the system’s behavior according to the variations 
of the critical parameters. Since optimization in energy efficiency and improvement in the 
economy has a significant impact on energy consumption and CO2 emissions, three scenarios are 
designed to test the sensitivity of the model figure 4. 
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Figure 4. Sensitivity analysis in scenarios of energy demand (software Vensim) (a) final energy 
demand; (b) GDP Ecuador. 

3 RESULTS AND DISCUSSION 

3.1 Population 

According to the 2010 Census, Ecuador has 14,483.499 inhabitants. Birth, death, and migration 
rates were used to model the population of Ecuador. According to the National Institute of 
Statistics and Census (INEC/NISC) between 1990 and 2017, the birth rate decreased by 13.4 live 
births per thousand inhabitants. Furthermore, the death rate was 3.93. In both cases, it is a 
downward trend. When performing the population simulation considering the three scenarios, the 
results obtained from the population by 2030 are shown in table 2. 

Table 2. Number of inhabitants predicted by the different scenarios for the year 2030 in Ecuador 

Scenario 
Millions of 
inhabitants 

BAU 19.31 

ESCN1 18.82 

ESCN2 17.16 

 
If current conditions are maintained, by 2030, a 30% increase in the population is expected; the 
scenarios contemplated in the model propose a lower population growth rate, which would be 
2.5% and 11% lower in scenarios 1 and 2, respectively. The difference between the projected 
results in the ESCN2 is mainly because developing countries still maintain the highest birth rates 
due to solid customs or religious and family prejudices, which is not the case in developed 
countries. Ecuador should consider population policies that not only involve actions aimed at 
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modifying the behavior of the demographic variables analyzed but which are aimed at achieving 
sustainable human development.  Also, a similar trend has been noted that projects a greater 
population increase for Latin American countries than developed countries due to their cultural 
differences (Angel et al., 2011). 

3.2 GDP per capita 

The GDP per capita model based on the projection in the three scenarios, the BAU, ESCN1, and 
ESCN2, show an optimistic economic projection until 2030; reaching economic growth would be 
located between 86 and 98% for the scenarios evaluated. This condition is even though ESCN2 
considers the projections of the international monetary fund (IMF) where an economic recession 
is a forecast. 
Although the three scenarios project economic growth, this increase is moderate and would 
represent a low GDP per capita, one of the lowest in Latin America (OCDE et al., 2019). It has 
been pointed to the high population and moderate economic growth as responsible for this situation 
(Park et al., 2019). Hence, a structural change in the economy has been proposed focused on 
sustained and equitable long-term economic growth for Ecuador. 

 
Figure 5. GDP per capita projection in thousands of US dollars / inhab (USD of 2007) 

3.3 Final energy demand 

The average energy consumption per ton of production represents the current energy consumption. 
In the present model, energy consumption is a function of the consumption in previous years 
(Mirzaei & Bekri, 2017).  
A significant increase in final energy demand could be expected by 2030 (fig 6). A 3.3-fold 
increase in energy demand for the BAU scenario can be observed. The high projected value for 
this scenario would be possible to maintain the current characteristics of energy consumption in 
different sectors, which projects a high and inefficient consumption. Maintaining current 
consumption habits would require Ecuador to increase energy production significantly. One could 
even think of importing hydrocarbons due to the very high demand. The reduction in energy 
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consumption was associated with the cut in the electricity supply that Ecuador suffered when the 
drainage affected the main hydroelectric power in some years before 2010. 

ESCN1 and ESCN2 project an increase in energy demand of 2.6 and 1.8 times respectively (fig 
6). The lower values found may be associated with a policy of replacing energy sources and 
improving the proposed energy efficiency locally and globally. The energy policies proposed by 
the government seek a new energy mix that improves energy efficiency. 

 
Figure 6. Scenarios final energy demand 

 In the BAU scenario for the year 2030, the transport sector will represent 60% of the 
national energy consumption matrix. This sector has been characterized for its inefficiency in 
energy use, mainly due to the use of fossil fuels. The final energy demand in ESCN1 and ESCN2 
represented 20% and 54%, respectively, of the use sector´s use concerning total consumption. 
Consequently, it has been proposed to develop policies to achieve this reduction by using biofuels 
and electricity in mass passenger transport nationally and globally. The use of renewable energies 
in this sector is increasingly important. 
The industry and residential use sectors represent 25%, 61%, and 26% of total consumption for 
the BAU scenario, ESCN1, and ESCN2, respectively. In the 3 cases, an increase for 2030 was 
projected (fig 6). For the industrial sector change in the energy matrix has been proposed, 
improving, or replacing production equipment to improve the sector's competitive advantage. 
Public policy in the industrial sector aims to change the productive matrix and promote energy 
efficiency. For the residential sector, it has been proposed to increase the use of renewable energy 
and energy efficiency, change lighting systems, replace high-consumption electrical equipment, 
and substitute liquefied gas with electricity, among other measures that have tried to change the 
energy face of this sector. 

3.4 CO2 emissions 

A devastating 2.7-fold increase in CO2 emissions was projected for the BAU scenario by 2030 if 
current conditions remained (Fig. 7). For ESCN1 and ESCN2, a 1.5-fold increase in emissions 
production was projected in both cases. National projects and regional or global policies have been 
identified as responsible for a decrease in future emissions. The change in the national energy 
matrix and the substitution of the type of energy have been identified as the main factors 
contributing to achieving the global emission reduction objectives. 
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Figure 7. CO2 emissions (KT CO2) 

The accelerated growth projected for the BAU scenario is mainly due to the use of non-renewable, 
highly polluting, and inefficient energy due to the use of fossil fuels. These emissions have been 
mainly attributed to the transport sector. National policies have reflected these concerns and have 
been directed towards gradually replacing of energy sources based on fuel combustion with 
hydraulic generation. The reduction in fossil fuel consumption has led to a reduction in flue gas 
emissions that negatively affect the environment (Arroyo & Miguel, 2019). 

3.5 Ratio CO2 emissions - GDP 

Understanding the relationship between CO2 emissions and economic growth would help 
formulate energy policies and promote the sustainable development of energy resources (Mardani, 
Streimikiene, Cavallaro, Loganathan, & Khoshnoudi, 2019). This situation determines a decrease 
in the ratio of CO2 emissions to GDP from 0.51 at present moment to 0.63, 0.35, and 0.39 (Kg of 
CO2 emitted by US $) for the BAU, ESCN1, and ESCN2 scenarios respectively (fig. 8). The 
increase in CO2 emissions will continue this path of increase if the country does not take urgent 
actions on energy consumption and mainly if it does not adopt the use of more efficient and less 
polluting energies, not as currently used, mainly of fossil origin. 

 
Figure 8. CO2 Emissions by GDP coefficient to the BAU, ESCN 1, and ESC2 scenarios 
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 Several responses have been pointed out in the literature when analyzing the relationship between 
economic growth and CO2 emissions in different countries, and some studies have indicated that 
economic growth has a causal relationship with the variation of CO2 emissions (Bekhet et al., 
2017). The International Energy Agency (IEA) results showed that the global economy has grown 
at a rate of 6.5% in the last two years, yet CO2 emissions have not increased. Other empirical 
results evidenced the absence of causality between economic growth and CO2 emissions in the 
short term; indicating that beyond basic industrialization, any relationship between GDP and CO2 
emissions appears to be very weak and that there is no clear relationship between faster economic 
growth and faster growth of CO2 emissions (Warner, 2013). 
However, a recent study analyzing the results of 175 published articles highlighted the relationship 
between CO2 emissions and economic growth, indicating that while there are reasons to propose 
policies that promote the reduction of emissions, these would also impose a limitation on economic 
growth. According to this analysis, since there is bi-directional causality, as economic growth 
increases or decreases, CO2 emissions are stimulated to higher or lower levels and, consequently, 
a possible reduction in emissions should have an adverse influence on economic growth (Mardani 
et al., 2019). 
The maintenance policies implemented, and the incorporation of others will allow Ecuador to 
maintain a progressive economic development, which is currently oriented to investing in new 
technologies projects focused on using of clean energy and protecting the environment. The 
application of more efficient technologies in energy production, the substitution of fossil energies 
for clean energy, and the establishment of policies focused on climate change could favor the 
coupling of these two factors and make it possible to see a more encouraging image for the future 
of CO2 emissions in Ecuador. 

4 CONCLUSIONS 

Economic projections do not augur well for Ecuador and therefore would not be a significant factor 
in reducing emissions, so policies are needed to improve the quality of life of Ecuadorians. On the 
other hand, if we consider the scenarios posed the most significant economic growth and the use 
of renewable energy, we can realize that with time this relationship is not as close as in the past. 
A scenario of economic growth would favor investments in scientific research that could lead to 
developing new technologies related to mitigating CO2 emissions. Therefore, increased economic 
activity would positively impact on the environment. 
To achieve sustainable economic growth and maintain a good relationship with our ecosystem, the 
growth of the production and marketing of products must be accompanied by investments in 
constant improvements in all processes of economic activity to minimize pollution in Ecuador. 
Research has enabled us to realize that today in developed economies, the influence of economic 
growth on CO2 emissions is lower. On the other hand, in the developing countries, this ratio 
remains high because economic growth is privileged over the environment, and production 
processes do not consider the type of resources used or the effects that will appear in the future. 
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In Ecuador, the energy efficiency required to produce a production unit is high, so the production 
of CO2 emissions is increased. Sectors such as transport or industry have maintained a tendency 
to consume more fossil energy, which leads to the production of a greater amount of emissions. 
When considering scenarios with better economic prospects and lower energy consumption, 
energy intensity tends to be reduced, reducing CO2 emissions. By increasing the proportion of 
renewable energy, we can see how it reduces CO2 emissions. 
Considering Ecuador's hydropower potential, an energy mix with a higher proportion of 
hydroelectric power and other renewable sources would allow Ecuador to generate less CO2 
emissions. Finally, some projections consider a 50% and 70% share of hydroelectric energy, which 
would result in the emission of 27.36 and 15.03 MtCO2, respectively (Coordinating Ministry of 
Strategic Sectors, 2016) and not the 37.10 MTons currently released, which shows that the way 
forward is in greater use of renewable energy. 
Ecuador's economic recovery from a greater investment in innovation and technological 
development would be necessary for the fight to mitigate CO2 emissions and care for our 
environment for the future of our next generations. 
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