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Abstract: In the third national communication submitted by Ecuador, the total greenhouse 

gases (GHG) emission was calculated at 80,627 GgCO2-eq, considering the country’s 

commitment to the Framework on Climate Change. In 2018, Ecuador ratified its nationally 

determined contribution (NDC) to reduce its GHG emissions by 11.87% from the business-

as-usual (BAU) scenario by 2025. The macroeconomic impacts of NDC implementation in 

the energy sector are discussed. A Computable Equilibrium Model applied to Ecuador 

(CGE_EC) is used by developing scenarios to analyze partial and entry implementation, as 

well as an alternative scenario. Shocks in exogenous variables are linked to NDC energy 

initiatives. So, the NDC’s feasibility depends on guaranteeing the consumption of 

hydropower supply, either through local exports or domestic demand. In the last case, the 

government’s Energy Efficiency Program (PEC) and electricity transport have important 

roles, but the high levels of investment required and poor social conditions would impair its 

implementation. NDC implementation implies a GDP increase and price index decrease due 

to electricity cost reductions in the productive sector. These conditions depend on demand-

supply guarantees, and the opposite case entails negative impacts on the economy. The 

alternative scenario considers less dependence on the external market, achieving higher GDP, 

but with only partial fulfillment of the NDC goals. 
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1. Introduction 

The IPCC’s Sixth Assessment Report on the Physical Science Basis of Climate 

Change unequivocally states the relationship between climate change and 

anthropogenic greenhouse gas emissions (GHG). In 2018, in accordance with the 

21st Conference of the Parties (COP21) agreements, Ecuador proposed its nationally 

determined contribution (NDC). The document contains a national climate action 

plan to reduce its GHG emissions, whose implementation can represent an 

opportunity to change the country’s productive structure and allow the development 

of an economy less reliant on fossil resources. 

Despite the benefits that the potential NDC implementation would generate, 

there are doubts about its economic feasibility, due to the interactions between 

economic growth and energy consumption in Ecuador (Pinzón, 2017). In fact, during 

the 2008–2018 decade, there was significant growth in energy consumption per 

capita from 4.41 to 5.26 barrels of oil equivalent per inhabitant (MERNNER, 2021). 

This situation is explained by the rapid economic growth of middle-income 

households and the need to satisfy repressed demand (Castro et al., 2018). 
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This paper explores the economic implications of GHG mitigation policies by 

analyzing conventional macroeconomic indicators such as GDP variation, job 

creation, and price index changes. It also examines the economic sectors that would 

benefit or be impacted most by the implementation of NDCs. Furthermore, the paper 

investigates the conditions and factors, including resource availability, production 

factors, and price fluctuations that influence the feasibility of environmental policy 

implementation. Neglecting these economic-energy-environmental relationships 

could impede successful implementation. 

This paper aims to assess whether Ecuador’s productive structure aligns with 

the objectives established in the NDC, particularly in fostering an economy less 

reliant on fossil resources. By examining the economic implications of greenhouse 

gas (GHG) mitigation policies, key macroeconomic indicators such as GDP variation, 

job creation, and price index changes are analyzed. Consequently, the study defines 

three main objectives: 

Objective 1: evaluate whether the productive economic structure is consistent 

with the NDC objectives. 

Objective 2: analyze the implications of the main macroeconomic variables—

unemployment rate, economic growth, and price index—in relation to NDC policies. 

Objective 3: identify the main sectors that will be positively and negatively 

affected by the NDC implementation. 

These objectives correspond to the following research questions: (i) Is the 

productive economic structure consistent with the objectives? (ii) What would be the 

implications on the main macroeconomic variables: unemployment rate, economic 

growth, and price index? (iii) What would be the main sectors positively and 

negatively affected? These questions are addressed by developing and applying a 

Computable General Equilibrium Model (CGE_EC) tailored to Ecuadorian 

conditions. This study provides a novel tool to quantify the implications of 

environmental policies in a primary-export economy dependent on non-renewable 

resources. The findings contribute to the broader debate on the costs and benefits of 

transitioning to a green economy in developing countries, highlighting the 

importance of considering the economic-energy-environmental relationships that 

could either facilitate or hinder successful NDC implementation. 

The originality of this paper lies in the development of a macroeconomic model 

to quantify the implications of environmental policies, applied to a developing 

country with a primary-export economy, dependent on non-renewable resources. 

This paper introduces the first application of a Computable Equilibrium Model 

applied to Ecuadorian conditions (CGE_EC) to evaluate environmental policies, 

contributing to the debate on the cost to be “green”. The paper starts by discussing 

the research problems and their role. Section 2 Systematic structuring presents the 

theatrical framework of the model, the importance of CGE models to evaluate 

mitigation policies (the state-of-the-art) and NDC action lines in the energy sector. 

Section 3 presents the methodological approach of CGE_EC. Section 4 presents the 

results and discusses the research questions proposed. Finally, the study’s 

conclusions and policy implications are presented in section 5. 
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2. Systematic structuring and contextualization 

This study adopts the theoretical framework proposed by Bukowski and Kowal 

(2010), in which a closed economy is structured, consisting of households, 

businesses, and the government. Households supply labor in the labor market, 

determine their consumption, and acquire bonds and shares. Businesses utilize 

capital, labor, and raw materials to produce both basic and final goods, generating a 

circular economic flow where households receive wages, dividends, and interest. 

Within this framework, the interaction between economic agents enables the 

government to manage taxes, ensuring a balance between production, consumption, 

and investment. 

In this context, Deka et al. (2022) demonstrate that GDP growth is closely 

linked to energy use, particularly in developing and transitioning economies, where 

an increase in energy availability drives GDP growth and Jia et al. (2023) indicate 

that the transition to renewable energy can stimulate long-term economic growth by 

reducing dependence on fossil fuels. 

According to Hanna et al. (2024), decarburization policies and investments in 

renewable energy not only create jobs but also affect the quality and skills required 

in the labor market. Thus, evaluating job creation in the context of the NDCs allows 

for a better understanding of the additional social and economic benefits that these 

policies can offer, beyond emission reductions. Energy price fluctuations resulting 

from the implementation of climate policies have significant effects on inflation and 

purchasing power, impacting both consumers and producers (Hajdukovic, 2021). 

Therefore, including price index variation in the analysis of the NDC allows for an 

assessment of how energy policies might influence macroeconomic stability. 

To assess the economic impacts of environmental policy implementation on 

different local actors. A Computable General Equilibrium (CGE) model was selected 

due to its strengths and scalability, making it an appropriate tool for the analysis 

conducted in this study (Ortega et al., 2023). The benefits of using CGE models lie 

in the perfect equilibrium of realistic data derived from social accounting matrices 

and the response from economic actors after the climate policy implementation, in 

consequence. 

A systematic review by Babatunde et al. (2017) found a total of 301 scientific 

reports applying CGE models to assess climate change mitigation policies. The 

review found that the application of CGE models is crucial for addressing climate 

change mitigation at various levels, with most research focusing on carbon tax, 

emission trading, and renewable energy, but there is a trend of using more static than 

dynamic model. Various approaches have been employed to assess the economic 

implications of NDC implementation across different geographical scales. 

In global scale, den Elzen et al. (2019) projected GHG emissions for G20 

economies under current climate policies aligned with their NDC targets, revealing 

that six G20 countries are on track to meet their unconditional NDC targets with 

current policies, while eight others require further action. Tolliver et al. (2020) 

analyzed macroeconomic and institutional factors influencing the growth of the 

green bond market, finding that the robustness of NDCs has the most significant 

positive impact on green bond issuance volumes. Siriwardana and Nong (2021) used 
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the GTAP-E model to assess the economic and environmental impacts of NDC 

targets in major emitting regions, discovering that China and India have lower 

emission abatement costs and significant potential to generate carbon credits. When 

integrated into an international carbon market, this potential significantly reduces 

global carbon prices and economic costs, benefiting regions such as the US, EU, and 

Australia. Collectively, these contributions underscore that NDCs have substantial 

economic implications across various geographical scales and that achieving climate 

goals depends on both robust domestic policies and effective international market 

mechanisms. 

At the local scale, Chunark et al. (2017) assessed the economic impacts of 

renewable energy adoption in Thailand, finding that while Thailand’s INDC can be 

achieved with current renewable energy targets, the GDP loss ranges from 0.2% to 

3.1%, depending on the stringency of the GHG reduction target. Dai et al. (2018) 

analyzed the economic impacts of achieving China’s INDCs, concluding that 

emissions trading is an economically efficient method to meet emission reduction 

targets. Vishwanathan et al. (2023) employed a CGE model to evaluate the socio-

technical, financial, and macroeconomic implications of India’s energy sector 

transformation, highlighting that to meet NDC targets, India must restructure its 

coal-based power and industrial sectors. Timilsina et al. (2024) evaluated the 

economic impact of China’s NDC goal to reduce emission intensity by 65% below 

2005 levels by 2030, using a CGE model to simulate policy instruments. 

In the region, Brazil’s potential to meet its NDC targets was assessed by 

Bastidas and McIsaac (2019), who projected GDP growth by analyzing the necessary 

adjustments in domestic demand based on the country’s industrial structure. Amigo 

et al. (2021) evaluated Chile’s NDC targets, concluding that the commitment to 

emissions reductions does not sufficiently incentivize a shift to greener technologies. 

According to Sousa et al. (2020), Colombia’s emissions trading system could 

achieve its NDC mitigation targets cost-effectively; however, its implementation 

would result in a 0.8 percentage point reduction in the annual GDP growth rate. 

Across the region, all previous studies indicate that achieving NDC targets requires 

significant economic adjustments, which have varying impacts on economic growth 

and the effectiveness of incentives for greener technologies. 

In the specific case of Ecuador, there are no studies using the CGE model to 

assess GHG mitigation policies, although there are CGE applications to assess taxes 

and trade policies (Aguiar et al., 2012; Cicowiez and Sánchez, 2010; Jácome and 

Cicowiez, 2012; Montenegro and Ramirez-Alvarez, 2022).  In consequence, the 

importance of evaluating the implications of the NDC in economies highly 

dependent on primary resources, such as Ecuador, is evident. In 2024, the 

Ecuadorian GDP was US $122 billion in nominal terms. To understand the potential 

NDC implications on the Ecuadorian economy, it is necessary to describe the main 

characteristics: Primary export country and dollarized economy. The “oil boom” 

produced a structural change in the Ecuadorian economy that lasts until today 

(Correa, 2004), In fact, oil exports account for 30% of the country’s exports, a total 

of US $9 billion/year on average (BCE, 2024). The country’s economy has a high 

vulnerability to external factors, such as crude oil price fluctuation. 

This situation is aggravated by an unfavorable oil horizon, where the country’s 
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policymakers must consider ambitious policies focused on reducing the dependence 

on oil exports and expansion of renewable energy sources over the next decade 

(Castro Verdezoto et al., 2019; Espinoza et al., 2019). A shift to hydroelectricity is 

often mentioned as an opportunity to achieve both GHG reduction and productive 

transition (Hurtado et al., 2023). The implementation of NDC initiatives in the 

energy sector is an opportunity to reduce imports of oil derivatives and to develop 

new productive areas based on renewable energy sources (Benito et al., 2023; Benito 

et al., 2024; Pérez-Gelves et al., 2024). 

According to the Third National Greenhouses Gas Inventory, the total GHG 

emissions from Ecuador were 80,627 GgCO2-eq in 2012. The energy category is the 

major contributor to national emissions with 46%, followed by LULUCF (land use, 

land-use change, and forestry), with a share of 25% of net emissions. 

  
(a) (b) 

Figure 1. Ecuador’s emissions by (a) IPCC categories; (b) energy category. 

Source: Own calculations based on MAE (2017). 

There has been no significant variation in the total yearly emissions (which 

have remained in the range of 80,000 GgCO2-eq), but emissions linked to LULUCF 

have been decreasing. (Figure 1a). The latest GHG emission report presents the net 

issues in the LULUCF category by considering the GHG absorptions in forests and 

grasslands. It implies a decrease in net GHG emissions due to land use of 60.18% 

since 1994. In the energy category, transportation is the main emitter of GHGs 

(Figure 1b), in consequence the governmental policies focus on changing the energy 

mix and diversifying its production. This paper highlights three main NDC actions: 

new hydropower plants; more efficient thermos-power plants; and greater household 

energy efficiency. 

The Ecuadorian NDC establishes the action lines and initiatives considering two 

categories: efforts dependent only on national actions (unconditional) and efforts 

dependent on international collaborations (conditioned). The analysis focuses 

exclusively on NDC initiatives within the unconditional category because the 

initiatives in the conditional category are not currently being implemented and are 



Journal of Infrastructure, Policy and Development 2024, 8(13), 7542.  

6 

still subject to feasibility analysis. 

 

Figure 2. NDC’s GHG emissions projections. 

Source: MAE (2019). 

The NDC initiatives proposed would reduce GHG emissions by 11.87% in 

relation to the BAU conditions for 2025 (Figure 2). Since the GHG emissions in the 

energy category had a share of 63.90%, the NDCs have a strong focus on reducing 

the emissions in this sector. The Ecuadorian NDC established the following action 

lines for the energy sector: Renewable energy sources based on hydropower 

potential and unconventional renewable sources (Table 1). A change in consumer 

behavior would be a great challenge considering the rapid economic growth of 

middle-income households. 

Table 1. Action lines established in the unconditional category. 

Initiatives Description 

Hydropower development (Hydro) Hydropower generation 

Optimization of power generation and energy efficiency (OGE and EE) 
Flare reduction 

Use of associated gas for LPG production and power generation 

Non-conventional renewable energy (NCRE) 
Wind and solar energy expansion 

Landfill biogas development 

Efficient public transport (Transport) Quito Subway line and Cuenca tramway 

Efficient cooking program (PEC program) Replace the use of LPG stoves with induction stoves for cooking  

Source: MAE (2019). 

The first initiative consists of the construction of 8 hydroelectric power plants to 

increase the installed capacity by 2828 MW until 2025. Hydroelectric power will 

then displace thermoelectric plants based on diesel and fuel oil, leaving only the gas-

fired plants in operation. The OGE and EE project produces electricity using the gas 

associated with oil extraction, mainly in Amazonia. This electricity will supply 

demand in the Amazon region, for oil extraction, water pumping, and isolated 

communities, aiming to eliminate gas flaring. 

Currently, non-conventional renewable sources have marginal participation in 
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the Ecuadorian energy mix, i.e., 21 and 26 MW for wind and solar, respectively. 

Estimates based on technical reports have projected there is potential for developing 

884 and 911 MW of wind and solar energy, respectively (MERNNER, 2018). In the 

transportation sector, the NDC contemplates two local projects: the expansion of the 

tramway in Cuenca and the construction of a subway in Quito. Both projects seek to 

improve urban mobility and traffic flow while reducing the GHG emissions related 

to transportation in urban buses. 

The fourth initiative refers to the Energy Efficiency Program (PEC). Its main 

goal is to replace the use of LPG for cooking and water heating with electricity. One 

of the main action lines under this initiative is replacing LPG stoves with induction 

stoves in 1.5 million households and installation of electric shower heads in 750,000 

homes. 

3. Materials and method 

The CGE_EC model include the economic relationships such as market, prices, 

and trade. The implementation of the NDC action lines is interpreted as variations or 

shocks in the productive sectors, which are the inputs for the CGE_EC. 

In the CGE_EC model, the behavior of consumers and firms is defined by a 

Linear Expenditure System and Constant Elasticity of Substitution, respectively. The 

relationship between intermediate sectors is represented by a Leontief function, 

indicating no sensitivity to relative price variations between sectors (Figure 3). To 

determine the interaction of the domestic economy with external economies, the 

CGE_EC model employs a Constant Elasticity of Transformation function and an 

Armington function. 

 

Figure 3. Schematic framework of this study. 

Consequently, as an output from the model due to the shock, the implications 

for wealth generation, the external market, the production of goods and services, and 

other interactions among economic actors are derived from the analysis. This leads 

to the implications for the main macroeconomic variables: GDP variation, 

employment rate, and price index. Also, the study proposes scenarios using a gradual 

approach to carry out a broad evaluation for decision-makers, enabling prioritization 

of initiatives in the face of budgetary constraints. 
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The CGE_EC was built using the model structures proposed by Machado et al. 

(2020) and Machado et al. (2021), considering Ecuadorian economic conditions, the 

Central Bank of Ecuador serves as the primary reference for official information, 

including historical macroeconomic reports. To maintain consistency with the NDC 

conditions, the model uses the social accounting matrix for 2010 (SCM). This matrix 

classifies the Ecuadorian economy into 25 sectors. To execute and make it 

operational, the model was structured with the General Equilibrium Modelling 

Package (GEMPACK). In it, consumer behavior is defined as a linear expenditure 

system function that considers the minimum levels of subsistence per sector, linked 

to budgetary constraints. 

The production of goods and services is defined in a constant elasticity of 

substitution function, by implying minimization of costs of two production factors—

capital and labor—to determine the flows in the productive sector. The model 

considers an input-output structure, assuming there is no sensitivity to the relative 

price variation. The total economic production for each sector is represented by all 

intermediate and all final consumption factors. The basic premise is a fixed 

demand/production ratio among sectors. 

Additionally, there are two functions considered to determine the interaction 

between domestic and external economies. First, the Constant Elasticity of 

Transformation function is used to define a local production target, considering that 

the local production goes either for internal consumption or exportation. The second 

function considered is the Armington function. It is used to define the value of goods 

and services that are imported. The CGE_EC model consists of 1112 variables—nine 

exogenous variables and 1103 endogenous variables—constrained by 1103 equations. 

In the following section, we explore the NDC action lines in the energy sector to 

define the exogenous variables and their shocks. 

The NDC action lines in the energy sector, regarding export, import, supply, 

and domestic production of the energy sectors, are defined beforehand. So, two 

subsectors were created: Oil products and Electricity (closure selection). As a result, 

a set of variables become exogenous for the CGE_EC: Oil products import; Oil 

products production; Oil products supply; Electricity import; Electricity production; 

Electricity supply; and Electricity consumption, so the variations and behavior of the 

actors due to the NDC’s energy initiatives are CGE_EC outputs. 

The NDC implementation implies high investments by the Ecuadorian 

government, as well as intensive use of production factors (capital and labor), so the 

factor capital supply is considered an exogenous variable. To determine the 

household welfare, which is measured by purchasing power, the remuneration of 

labor is the unit of account in the CGE_EC, so price variation of goods and services 

is referenced around it. 

The NDC initiatives propose a reduction of 8200 GgCO2-eq (Table 2), the 

equivalent to 89.81% of the objective set, validating the role of reduction policies in 

the energy sector. To achieve it, a significant investment is required, the equivalent 

to 8.09% of nominal GDP in 2020. They also need to account for variations in 

energy production/consumption structure, resulting in energy savings due to 

reduction of fossil fuel consumption. To adapt these variations to CGE_EC’s 

structure, an economic-energy ratio is defined both in monetary terms and energy 
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units. This is determined according to the destination sector and its end-use. 

Consequently, the shock in the exogenous variables is determined. 

Table 2. NDC initiatives’ targets*. 

Initiatives GHG reduction (GgCO2-eq) Investment (million US $) Energy Prod./Cons. (GWh)1 Energy savings (k BOE)2 

Hydro 4606 4500 15,678 10,633 

OGE and EE 937 1152 1272 1100 

NCRE 250 594 451 849 

Transport 67 1781 −72 432 

PEC 2340 - −5463 3885 

Total 8200 8027 11,865 26,799 

Source: Own calculations based on MAE (2019) and MERNNER (2018). 
1 To electricity use Gigawatt (GWh) as a unit of measurement. 
2 To fossil fuels use Barrel of Oil Equivalent (BOE) as a unit of measurement. 

* Positive refers to production and negative refers to consumption. 

Four scenarios were developed in the CGE_EC, gradually evaluating the 

initiatives: i) implementation of the supply initiatives only (S scenario); ii) 

implementation of both the supply and demand initiatives (S and D scenario); iii) 

implementation of all NDC initiatives (NDC scenario); and iv) an alternative 

scenario, which is aligned with the NDC initiatives with more measured levels of 

implementation. 

The Supply scenario (S scenario) was evaluated from minimum to maximum 

addition, which represents all NDC supply initiatives. The maximum addition is 

equivalent to an 80% increase in monetary terms of base year electricity production. 

The supply-demand scenario (S and D) considers a gradual increase of electricity 

consumption, where the maximum consumption is equivalent to a 50% increase in 

monetary terms of the base. Like the supply scenario, this increase is satisfied by the 

growth in electricity production from 5% until 80%. Also, the S and S&D scenarios 

do not consider fuel import reductions and improved performance by more efficient 

power generation technologies. 

The NDC scenario considers all the conditions previously presented along with 

the implications of reducing fossil fuel consumption, a necessary condition to 

guarantee GHG reduction. The alternative scenario proposes electricity production 

without surpluses and without high dependence on electrical exports, but assurance 

of economic growth, reduced unemployment, and lower prices. 

4. Discussion 

This section is divided into two subsections. The first is an evaluation of the 

technical-economic aspects related to the investments involved in NDC 

implementation as well as to the reduction of GHG emissions. The second part 

explores the macroeconomic consequences based on the scenarios proposed using 

the CGE_EC model. 
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4.1. Economic and environmental performance 

The NDC expectations focus mainly on two initiatives: hydropower expansion 

on the supply side and the PEC program on the demand side. Both initiatives 

contribute to a reduction of 6942 GgCO2-eq., equivalent to 76% of the overall 

reductions estimated for the NDC (Figure 2). Therefore, the contribution from the 

other initiatives contained in the NDC is marginal. The hydropower initiative aims to 

contribute the largest GHG reductions (56.17% of total reductions); it also requires 

the largest investment, representing for 56.06% of the total cost of NDC initiatives. 

Nevertheless, it has the best GHG reduction per level of investment, as the reduction 

of each Kg.CO2-eq entails an investment of US $0.98 (see Table 3). The 

hydropower expansion will increase electricity production by 76.91%, a value that 

would be 1.55 times more than in the present electricity consumption mix. Such 

increase will cause a significant surplus, which can be allocated to regional export, 

production diversification or energy-intensive industries. 

Table 3. Performance of energy supply initiatives. 

Initiatives GHG reduction (US $/GgCO2-eq) Energy production (US $/kWh) Energy savings (US $/BOE) Payback3 (years) 

Hydro 0.98 0.29 423 4.75 

OGE and EE 1.23 0.91 105 1.18 

NCRE 2.37 1.32 699 7.85 

3 Estimated value considering oil product import prices. 

The PEC program has a contribution of 28.54% of GHG reduction without 

significant investments. This is because costs of technological change fall mainly on 

consumers, with slight participation of the state when compared to previous projects. 

The PEC program implementation involves an increase of 5463 GWh in residential 

electricity consumption. This increase in domestic demand would consume 50% of 

the hydropower expansion surplus. Such increase is linked to the reduction of 3.8 

million BOE, the equivalent to a 70.94% reduction in household consumption of 

LPG. 

The OGE and EE program involves productive use to methane, which is 

currently flared, implying positive results due to less methane burning. So, each MW 

added by OGE and EE implies a reduction of 2890 GgCO2-eq., while the hydropower 

initiative implies a reduction of 1670 GgCO2-eq, since emissions from methane 

burning have a higher global warming potential than CO2 emissions. Nevertheless, 

OGE and EE energy savings are debatable, because they are significantly higher than 

expected in the hydropower expansion. Both initiatives seek to reduce the fossil fuel 

consumption for power generation in the same regulatory framework (market and 

prices). 

Thus, according to Table 3, the OGE and EE program would have a return on 

investment of 1.18 years, which is an optimistic figure for this kind of project. It 

might be that estimates of the OGE and EE program are too large. Regarding the 

energy savings indicator, the OGE and EE program would be the most beneficial, 

with an investment of US $105 for each BOE saved, while NCRE initiatives are the 

less beneficial, with an investment of US $699/BOE. 
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The NCRE initiative is more costly than the hydro and OGE and EE initiatives. 

It would require an investment of US $2.37 per Kg.CO2-eq avoided, as well as 

higher energy production, of US $1.32 per kWh, and longer payback time. On 

demand side, the transport initiative implies an investment of US $26.58 for each 

Kg.CO2-eq reduced. Its implementation involves a 720% increase in electricity 

consumption in the transportation sector. The debate focused on electricity 

generation sources to supply this significant increase is crucial, since power 

generation based on traditional fuels implies counterproductive results. 

The transport initiative has the lowest expected reduction in GHG emissions 

and the second-highest state investment requirement. This entails an investment ratio 

of 26.58 USD/Kg.CO2-eq avoided, a value that exceeds the limits in comparison 

with other initiatives (Table 3). This suggests that the reduction of GHG emissions is 

not the main goal of this initiative, but only a byproduct. 

It is concluded that the mechanisms and initiatives defined by the NDC are 

consistent with its objectives. Remarkably, 89.91% of the GHG reduction is 

concentrated in the energy category, so the remaining 10.19% reduction is 

distributed in the other four categories (i.e., agriculture, LULUFC, industrial process, 

and waste sectors). So, there is a potential reduction not yet explored by the NDC in 

these four categories. There would also be a preferential bias towards the energy 

category due to the seizure of economic opportunities. 

Aligned with the results obtained, the UNDP’s Climate Promise initiative 

underscores Ecuador’s NDC projection of an unconditional emissions reduction 

potential of 9% across various sectors, including energy. Furthermore, the initiative 

highlights the necessity of advanced models to deepen the understanding of the 

economic and environmental trade-offs associated with NDCs in Ecuador PNUD-

MAAE (2020). 

To evaluate the macroeconomic implications, the following sections describe 

and discuss the implications of NDC implementation using MPC_EC, exploring its 

gradual implementation through the scenarios proposed. 

4.2. Supply scenario (S) 

Assuming the local electric energy demand remains unaltered, the surplus 

electric generation would be allocated to export, with high external savings (Figure 

4a). A gradual increase in capacity added to electricity production from 5% 

(minimum) to 80% (maximum) would increase exports by between US $68 and US 

$1121 million (see Figure 4b). For increases below 30%, the electricity export levels 

are marginal compared to the total export volume. 
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(a) (b) 

Figure 4. Supply scenario (a) GDP variation; (b) external market. 

Despite the large increase in the electric energy exports, GDP would rise by 

only 0.25% (Figure 4a). Because of its maximum capacity added (3297 MW), there 

would be a significant reduction in the country’s external savings, reaching a 

minimum of −6.27% when the electricity production expands by 80%. To avoid such 

a significant drop, national savings should simultaneously be increased, by the 

private and/or public sector. Also, the destination of the surplus is dubious due to 

technical aspects and market availability (Figure 4b). Electricity is a secondary 

source of energy since its storage and transport require the installation of extra 

facilities. While batteries only allow electricity to be stored in small quantities, other 

indirect methods, which involve transformation processes, allow the storage of large 

amounts. On the other hand, the transportation of electricity would entail the 

installation of costly infrastructure and transmission lines to serve external markets. 

Considering the technical restrictions, the logical markets would be the border 

countries (Peru and Colombia). These countries currently do not have an electricity 

deficit, so their energy planning programs do not include significant energy import 

scenarios for the next 10 years (MINEM, 2014; UPME, 2022). The main 

contribution of the Supply scenario is the conclusion that the Ecuadorian economic-

productive structure is not suitable for high levels of electricity production. The 

implementation of supply initiatives necessarily requires electricity consumption 

initiatives. This can be either intermediate or final consumption, which motivates the 

development of a scenario that combines electricity supply and demand initiatives. 

4.3. Supply-demand scenario (S and D) 

The supply-demand initiatives together would have a greater impact on 

economic growth in comparison with the supply scenario (S), i.e., national GDP 

would grow between 0.79% and 2.75%. The minimum growth corresponds to the 

minimum conditions for both demand and supply of electricity, whereas the 

maximum GDP growth is a consequence of an increase of 5535 GWh in electricity 
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consumption, the equivalent to 57% of consumption in 2010 monetary terms. 

However, the growth of GDP is still marginal for all possible combinations between 

the growths of supply and demand (see Figure 5a). 

 
 

(a) (b) 

Figure 5. S and D scenario (a) GDP variation; (b) external market. 

According to Figure 5b, the implementation of scenario S and D would cause 

an increase in total exports. The increases in installed capacity would be significantly 

higher than the added electricity consumption, resulting in a surplus of 11,865 GWh. 

If this amount is exported, provided that it is feasible, the total export income would 

rise by 6.64% (when compared to the base year of 2010). There would also be an 

improvement in the trade balance (reflected in Figure 5a), where the external 

savings would be reduced to 10.47% compared to the base year 2010. 

The Supply and Supply-Demand scenarios both reflect the prominent role of 

final consumption in the Ecuadorian economy. In agreement with Ortega-Pacheco et 

al. (2021) our study suggests that public policies and the implementation of the NDC 

initiatives 1, 2 and 5 should not only be based on the increase of internal demand for 

electric energy per se, but should also evaluate alternatives for productive use of it. 

4.4. NDC scenario (NDC) 

The NDC scenario implies a GDP increase of US $3 billion, the equivalent of 

4.43% of GDP in 2010. This GDP growth is higher than that estimated for the 

scenarios S and S and D. The implementation of the NDC scenario will also provoke 

a 1.01% reduction in the price index due to the decline in final electricity prices by 

27.85% because of the electricity surplus. The opposite outcome is observed in 

Korea, where a slight contraction in real GDP is expected due to carbon pricing and 

mitigation policies (Kim et al., 2023). Similarly, in the Brazilian economy, a GDP 

contraction of up to 2% is anticipated in scenarios lacking complementary policies, 

but the inclusion of measures such as carbon pricing and the expansion of renewable 

energy can help mitigate these effects (Gurgel et al., 2019). 

The final electricity price for consumers would be around US $0.05–0.06/kWh, 
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implying a decrease of 33% in relation to current market prices. These competitive 

prices could allow the local industry to generate greater added value. To reinforce 

this argument, in this scenario the production cost of intermediate products would 

decrease between 0.5% and 1%. Nevertheless, there would be an increase in prices 

of public and financial services of 1.56% and 1.14%, respectively. Due to the lower 

cost of energy, the cost of the transportation sector would have a reduction of 2.77%, 

due to more efficient modality in the passenger transport and the use of electricity. In 

addition, the NDC scenario causes a 1.27% reduction in unemployment, a rate linked 

to an increase of 4.13% in the supply of the labor factor. According to Figure 6, 

increases in the demand of production factors (Capital and Labor) would be focused 

on the electricity sector. At the same time, there would be a reduction of these 

factors in the crude oil and oil products, a predictable result due to the shift in 

consumption and production from fossil sources in favor of less polluting sources. 

Additionally, the pulp and paper sector would also benefit from the energy transition, 

considering it is an energy-intensive industry, and competitive costs plus a 

significant supply of electricity would allow the use of more efficient machinery. It 

is therefore advisable to propose transition strategies to direct job losses in the oil 

extraction and derivatives production sectors to the new jobs generated in other 

productive sectors, such as agroindustry and technology. 

 

Figure 6. Demand for productions factor in NDC Scenario. 

In the services sectors, the primary implication is the increase in capital and 

labor supply driven by investments required for the construction of electrical 

infrastructure (designs and services for execution), both public and private. The 

farming sector shows no significant variations in production factors (Figure 6), 

unlike in Brazil, where the agricultural sector could face production decreases due to 

mitigation policies. In Brazil, there is an estimated 2% reduction in the labor force 

resulting from the adoption of more efficient and less labor-intensive technologies 

(Gurgel et al., 2019). 

Regarding the external sector, exports would increase by 17.42% compared to 
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the base year 2010, mainly focused on the export of electricity. There would also be 

a reduction in exports of crude oil and its derivatives due to the reduction in 

consumption and production of hydrocarbons. This is a desired effect within the 

implementation of the NDC to guarantee the reduction of GHG emissions. Oil 

exports are the main source of income in the Ecuadorian economy, so a scheme is 

necessary that guarantees maintaining the same export levels. According to Kim et al. 

(2023), a similar condition would occur in the Korean case, with a more moderate 

reduction in exports of around 1.7%. South Korea could mitigate these effects 

through technological innovation and international cooperation, enabling some 

industrial sectors to remain competitive globally. 

The imports of fuels and refinery supplies would decrease by 12% and 2.31% 

respectively, due reduction of fossil fuels consumption and lower requirements for 

solvents used in the process to improve the quality of oil derivatives. Sine total 

exports would increase more than imports, the trade balance would be improved, and 

the external savings reduced by 10% compared to 2010. 

Similar to the S and S and D scenarios, in the NDC scenario the exports of 

electricity are necessary to guarantee appropriate growth of use of the surplus 

electricity generated. Exports in the electricity sector would be US $1717 million 

due to the availability of 6123 GWh, which is half of the availability in the S and D 

scenario. So, it would be necessary to find external markets to export surpluses or 

increase domestic consumption. The latter would imply an estimated decrease of 

electricity prices of 45.72%. Therefore, the productive sectors would need to more 

intensively electrical technologies, such as induction furnaces and electricity 

transport infrastructure, opening the possibility for rational use of electrical energy 

due to lower market prices. 

4.5. Alternative scenario (Alt) 

Undesirable macroeconomic conditions have been presented in the previous 

scenarios, such as decrease of external savings, production factor concentration in 

fewer sectors, and high investment with low GDP growth. The alternative scenario 

proposes an increase of 25% in the final electricity consumption, linked to a 15% 

increase in local electricity production. This means increasing production by 3,000 

GWh. As a result of this scheme, we obtained a 5% reduction in fuel imports, the 

equivalent of US $170 million. The GHG reduction was estimated at 1000 GgCO2-eq. 

a value equivalent to 12% of that planned in the NDC. 

The alternative scenario considers a lower concentration of production factors 

in the electricity sector (Figure 7), implying a better distribution of capital and labor 

in different productive sectors. It entails better performance, including an increase in 

the labor factor for the oil products sector, an opposite situation concerning the NDC 

scenario. This characteristic is probably the product of the high levels of investment 

involved in certain initiatives of the NDC (Table 3). It reflects the reduction of GHG 

as a collateral result and not the main goal of the initiative, as is the case of the 

subway line in Quito and the tramway in Cuenca. 

The alternative scenario estimates electric exports of US $700 million, a 

forecast result in the electric expansion planning. It implies an increase of 1.33% in 
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the total exports. There would be an improvement in the trade balance and a 

reduction in foreign savings of 5% when compared to the base year. This scenario 

presents more appropriate macroeconomic results, but the GHG reduction goals in 

the NDC would not be fully met. 

 

Figure 7. Demand for productions factor in Alternative Scenario. 

5. Conclusion 

The NDC approach and its initiatives are framed in the existing economic-

energy structure, taking advantage of the hydropower potential. It emphasizes setting 

overall goals instead of goals for each initiative, so a specific analysis by initiative is 

difficult, mainly their involving performance according to investment levels. The 

NDC considers initiatives with high investment but low levels of GHG reduction. 

More aggressive policies in the transportation sector focused on individual 

passenger or cargo transport are advisable, as they are significant GHG emitters. The 

NDC initiative is focused on the displacement of urban collective transport to reduce 

traffic jams, so the main objective is not to reduce fuel consumption or emissions. 

This condition implies high investment levels and generates distortions in the 

demand for productions factors. The electricity generated will be allocated for final 

consumption mainly in households and the transportation sector, through more 

efficient and less polluting technologies. In addition to satisfying domestic demand, 

the installed power capacity will entail large surpluses of electricity production, 

which should be allocated for export, avoiding oversupply in the domestic market. 

The regional export of electricity is not guaranteed, because the bordering 

countries do not have shortages or immediate electricity requirements, and their 

expansion plans include hydropower plants. It would be desirable for the NDC to 

consider a less aggressive hydropower expansion, guaranteeing the supply for 

technological transitions in the domestic market and minimum levels of regional 

electricity exports. This approach does not guarantee the GHG reduction levels 

initially proposed in the NDC. 
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The NDC implementation has strong dependence on the hydropower expansion 

plan, so its feasibility has a high dependence on electricity exports. Another 

alternative would be to rethink the initiatives, since they are focused on household 

consumption, but do not generate added value in society. It is recommended that 

productive sectors be encouraged to utilize electricity surpluses through more 

efficient technologies, generating employment and added value. The NDC’s goals 

are at the economic-environmental crossroads. Their total implementation must 

guarantee all market conditions to generate economic growth, and these are complex 

conditions in the current context. There is also the possibility of partial 

implementation that is aligned with the production structure, but that does not 

guarantee full compliance with the objectives proposed. 

The implementation of Ecuador’s NDC faces challenges similar to those of 

other economies transitioning to sustainable models. In Ecuador, a fossil fuel-

dependent economy, the impact on its oil trade balance underscores the country’s 

vulnerability to the initial costs of the energy transition. For example, South Korea, 

with a more diversified and technologically advanced economy, encounters 

challenges in international cooperation. Meanwhile, Brazil, with its strong reliance 

on the agricultural sector, faces significant impacts within that sector. 

Although the CGE_EC model is robust, its primary limitation lies in its reliance 

on economic and energy data projections, which, despite being based on official 

sources, are susceptible to variations influenced by the policies of the government in 

power. While the NDC represents an international commitment, the successful 

execution of the action plan is contingent upon the availability of resources and the 

priorities set by the government. 

As a methodological recommendation for evaluating climate change policies, 

the CGE_EC model should be hybridized with a technical model to develop an 

Integrated Assessment Model. This approach would generate valuable information 

for decision-making, even in the face of significant uncertainties, and help answer 

the critical question: What is the cost of going green? 
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