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The energy sector is an important factor that influences life
quality and economic prosperity. Differences in infrastruc-
ture, technology and even in culture of each country make
it imperative to include their own characteristics into energy
analyses, making it necessary to identify the different types
of sources of CO, emissions and their magnitudes. The aim
of this paper is to present a foresight analysis of the produc-
tive and energy matrices dynamics in Ecuador for the period
2016-2030 and to propose public policy that contributes to
sustainable development. In a first stage, the research has an
explanatory character, referring to construction of a model,
which uses an extended variation of the Kaya Identity where
the volume of CO, emissions may be examined quantifying
contributions of productive sectors activity, sectorial energy
intensity, energy matrix, and CO, emission features. Subse-
quently, the research acquires a predictive-experimental na-
ture, using exploratory scenarios. That allows linking historic
and present events with hypothetical futures. In consequence,
driving forces of the scenario can be explained and analysed
using quantitative modelling based on the Kaya Identity and
qualitative narratives. Within this study two scenarios were
built. The Business as Usual scenario, without modifying the
structure of productive and energy matrices, and the Alter-
native scenario that seeks to reduce the consumption of oil
derivatives in land transport, which consumes 50% of the
country’s energy demand. The Alternative scenario, which
promotes the use of biofuels, projects to reduce the CO, emis-
sions from 45.58 to 43.41 Mt of CO, equivalent for 2030. The
policy on biofuels in Ecuador is at an early stage. So, biofuels
offer important opportunities: i) diversification of the energy
matrix, ii) contribution to energy security, iii) promotion of
the growth of the industrial sector, and iv) substitution of fos-
sil fuels and mitigation of the greenhouse gas effects.
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INTRODUCTION

The global economic model predominantly pur-
sues continuous growth; in that sense, a pro-
gressive energy demand is required [1]. Con-
sequently, numerous researches suggest a close
nexus between economic development and en-
ergy consumption [2-7]. A higher economic
development requires more energy consump-
tion [4]. This implies that the energy sector of a
country or region is an important factor which
influences life quality and economic prosperity
[1-2, 8]. Therefore, in addition to the associa-
tion between economic growth and energy con-
sumption, it is also important to include envi-
ronmental pollutants as a fundamental part of
the relationship, since the emissions are mainly
caused by burning fossil fuels [9].

The most popular research streams show
economic growth and environmental pollu-
tants relationship. Therefore, the environmen-
tal Kuznets curve (EKC) hypothesis suggests an
inverted U-shaped relationship between envi-
ronmental degradation and income growth [6,
10-13]. The limitations of certain methods are
tried to overcome with multivariate models that
combine income, energy consumption, carbon
emissions, labour force and others [9].

Climate change is one of the most important
environmental problems, and carbon dioxide
(CO,) is the main contributor to the greenhouse
effect [3, 6, 9]. As a result, CO, is the most stu-
died pollutant due to the use of energy in human
activities, which represents more than 75% of
greenhouse gas emissions [8]. The main reasons
for CO, emissions increase are: constant growth
of energy consumption and the composition of
energy and production matrix of the economies
[14]. For this reason, the study of the increase in
emissions due to economic growth is the most
studied empirical relationship in ecological, en-
ergetic and social literature of different countries
and regions [6, 15].

Differences in infrastructure, technology and
even in culture of each country or region make
imperative to include their own characteristics
into energy analyses [16]. Developing regions
have a style of development characterized by:
low productive diversification, specialization in
low value-added activities and natural resource

dependence [17]. In addition, it is necessary to
take into account aspects such as: i) phenomenal
population growth, ii) urbanization dynamics
[18], iii) a gap between the urban and rural areas
[16], iv) energy matrix based mainly on fossil
fuels, v) highly polluting and inefficient trans-
port model [17], vi) importance of traditional
biofuels use [16], vii) shortage of supplies, viii)
low performance of electrical sector, ix) huge so-
cial subsidies, and others. These aspects show a
structural situation in developing countries that
result in environmental inefficiencies.

Historically, Ecuador has been a relatively low
CO, emitter, recording 2.44 metric tons per capita
in 2016 [19], compared to Qatar, which was the
largest CO, emitter per capita in the same year,
emitting 38.52 metric tons per capita. On the other
hand, comparing Ecuador to the countries of its
region, it has to be noted that this value is not
low. Ecuador is positioned as the largest emitter
of greenhouse gases compared to its neighbours
Colombia and Peru that are larger, populated
and industrialized countries in the region, which
reached 1.59 and 1.81 metric tons, respectively, of
CO, per capita in the same year [19].

Under this framework, the energy systems
of developing countries differ from those in de-
veloped countries making it necessary to iden-
tify different types of CO, emission sources and
their magnitudes; it is an essential information
for socio-economic planning and for policy
makers [3,20-21].

Hence, it is necessary to formulate and im-
plement public policies that allow the diversifi-
cation of energy sources, making emphasis on
increase of the participation of renewable energy
sources (RES), and promote the increase of ener-
gy efficiency in the productive sectors [22]. Also,
it is necessary to promote energy integration in
the region [23], ensuring a stable and secure en-
ergy supply that improves competitiveness, as
well as regional, national and local sustainable
growth [24].

Therefore, the Economic Commission for
Latin America and the Caribbean (ECLAC) re-
commends to include a notable environmental
impulse as a strategic axis of the industrial and
technological policy, in the creation of public
goods and services to change the energy matrix,
among others [17].
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Accordingly, the protocols, models, scenarios
and other tools derived from researches that al-
low the understanding of interactions as: i) sup-
ply and demand, ii) energy and environment,
and iii) energy and economy that allow a me-
dium- and long-term vision [25], and also con-
sider the ‘needs, capacities, available resources,
and options for conservation of resources and
the open use, appropriate and appropriable tech-
nologies’ [23] are essential to have a positive im-
pact on energy planning and public policies.

It is evident that energy planning and public
policies are currently more complex because of
the participation of multiple points of reference,
such as: technical, social, economic and envi-
ronmental [26].

This work is a contribution to reduce the gap
in the literature about nexus studies between
economic development and energy consump-
tion in developing countries, particularly for
Ecuador. Also, a case of study of a country help
policy maker develop more comprehensive po-
licies to manage environmental impact due to
human activity.

In this paper a foresight analysis for both
productive (Gross Domestic Product, GDP)
and energy (Final Energy Consumption, Ener-
gy) matrices dynamics and their environmental
impact (CO, emissions) in Ecuador for the time
period 2016-2030 is presented. This was done
to explore the effect of public policy application
that could contribute to the socio-economic
and environmental sustainability in the coun-
try. The transport is the sector with the high-
est demand of fossil energy, and it is the largest
emitter of CO,. Therefore, this study proposes
an Alternative scenario: quantitative modelling
and qualitative narratives. This dualism supports
the formulation of public policies searching for
initiatives that allow minimizing environmen-
tal impact derived from the growth of the land
transport sector.

ECUADOR IN FIGURES

The Constitution of the Republic of Ecuador
considers “energy in all its forms” a strategic
sector; therefore, it has an economic, social,
political and environmental influence. Article
314 states that the State is responsible for the

provision, disposition of prices and tarifts, and
establishes the control and regulation of public
services such as: potable and irrigation water,
electric power, hydrocarbons, telecommuni-
cations, and others that are determined by the
Law. The mentioned above aspects demonstrate
the predominance of statistical paradigm, which
emphasizes the business role of the State. All the
policies, programmes, projects and other skills
are subjects of the current National Develop-
ment Plan, being mandatory for the public sec-
tor and indicative for other sectors [27].

In the National Development Plan 2017-
2021, it is emphasized that during the last dec-
ade (2007-2017) the axes of public policy have
pursued the transformation of the productive
and energy matrix, following the objective “to
form an economy based on the provision of ser-
vices and the generation of value-added goods,
based on clean and sustainable production, un-
der parameters of social and intergenerational
justice” [28].

Thus, since 2009, Ecuador is immersed in a
change process of the energy matrix under the
several development plans [29]. The strategies
for this change propose: i) to increase the par-
ticipation of renewable energy sources (RES),
prioritizing hydroelectric projects; ii) to foment
the use of unconventional energy sources such
as geothermal, biomass, wind and solar; iii) to
reduce technical losses in energy transforma-
tion processes; iv) to increase transport effi-
ciency; and v) to promote efficiency and saving
programmes in the industrial and residential
sectors [30].

As a result, Ecuador seeks to reduce the
dependence of fossil fuels and to modify the
pattern of production and accumulation,
without neglecting the biophysical limits and nat-
ural cycles. Therefore, the goals set for 2021 are:
i) to increase the electricity generation up to
90% through RES and ii) to increase fuel savings
by optimizing electric generation and energy ef-
ficiency in the hydrocarbon sector, which would
represent an increase from 9.09 to 26.6 million
barrels of oil equivalent (Mboe) [28].

GDP, energy and CO, emissions are essential
information for the energy analysis that pursues
a positive impact on energy planning and public
policies. Under this framework, it is important
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to see the variation of GDP, final energy con-
sumption and CO, emissions in Ecuador.

Productive matrix

The productive structure of Ecuador is similar
to several Latin American and developing coun-
tries. It is characterized by: i) high dependence
on oil sector, ii) existence of an external gap that
shows a delay in technological capabilities, and
iii) an internal gap due to the differences in pro-
ductivity that exist between productive sectors.

The productive economic activities are:
i) agricultural (fisheries and mining), ii) indus-
trial, iii) construction, iv) commercial (services
and public administration), v) transport, and vi)
residential sector [31]. Table 1 shows the partic-
ipation percentage of economic sectors in the
GDP during representative years of the study pe-
riod (1995-2015), allowing to understand better
the productive matrix of Ecuador.

Table 1 shows that the commercial (services
and public administration) sector is the most im-
portant one in Ecuador. It showed a growth of
around 4.4% during the time period 2007-2015
contributing with 36.8% to the total GDP in 2017
[32]. This important growth is explained through
investments increase into the public sector;
which aims to improve public services in Ecua-
dor, such as technical and administrative activi-
ties, accommodation and food services, commu-
nications, education, health and others [33].

The agriculture (fisheries and mining) sector
has a substantial participation into GDP during
the time period of this study. The main reason for
it is the aquaculture and shrimp-fishing segment,

which directly affects the volume of exports. This
segment has presented an annual average growth
of approximately 12.1% (time period 2008-2017),
reaching 18.96% of the total GDP in 2017 [32].
That rise is a consequence of the international
price increase after the production fall in Asia [33].

The industrial sector is characterized by in-
tensive presence of workforce and dependence
on natural resources, as well as less presence of
intensive engineering divisions. In 2013, natural
resources intensive divisions provided almost a
half of industrial employment, and a 73% of the
value added of this sector; while, engineering
intensive sectors gave less than 10% of employ-
ment and industrial value added [34]. Under
these circumstances, the industrial sector had an
average annual participation of approximately
15% of GDP (time period 2008-2016), reaching
a value of 15.41% in 2017 [32]. According to the
National Institute of Statistics and Census of Ec-
uador (INEC), this sector had the lowest growth
in the time period 2007-2014, mainly as a result
of oil refining production decrease [34].

The construction sector maintained a sus-
tainable growth (time period 2000-2011), with
a participation close to 8% per year of the total
GDP [35]. In the time period 2012-2017, this
sector has maintained the same dynamic, con-
tributing with an annual average of 9.4% of the
total GDP [32]. The stability of the construction
sector over the last two decades can be explained
by the important public sector investments in in-
frastructure, facilities to access mortgage loans,
and in the increase of purchasing power (real
wages) of the population.

Table 1. Volume and shares of GDP in the productive sectors of Ecuador during 1995-2015

Productive sector 1995 2001 2007 2015

Agricultural (fisheries and mining) 20.75% 19.51% 21.06% 18.49%
Industrial 14.45% 16.30% 14.88% 14.84%
Construction 6.23% 7.08% 7.87% 9.86%
(services angcl)arglqiir;:;inistration) 34.82% 3289% 34.27% 36.51%
Transport 6.95% 8.43% 8.77% 10.25%
Residential 10.64% 10.76% 8.25% 6.94%

Total GDP [KUSD] $35,743,721.00 $39,241,363.00 $51,007,777.00 $70,353,852.00

Source: Central Bank of Ecuador [32].

Developed by: Authors.
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The transport sector contributed with 10.52%
to the GDP in 2017, presenting a growth of 5.45%
(time period 2007-2015) [32]. The main factors
for this growth were: a) infrastructure produc-
tion promoted by the State, b) construction of
hydroelectric and thermoelectric plants, c) and
various extractive activities that were carried out
in the Amazon region.

Energy matrix

Table 2 shows the volume and shares of final en-
ergy consumption by the productive sectors. As
it is presented, the structure of the energy matrix
has not presented any relevant changes during
1995-2015. However, final energy consumption
increased by almost two times. The tendency is
explained by the accelerated population increase
of 54% [36] and by the development and progress
activities implemented during 1995-2015.

Historically, the transport sector has been
the largest energy consumer in Ecuador. During
2000-2015, this sector raised the energy demand
for more than 50%. Industry and residential sec-
tors are the second and the third largest energy
consumers. They consumed close to 20% and 17%
of final energy during the period, respectively.
Finally, it is the commercial (services and public
administration) sector, which refers to all govern-
ment and public activities; it had a participation
of 6.3% in final energy consumption in 2015. The
construction, agricultural (fisheries and mining),
and other minor sectors registered very low energy
consumption, reaching less than 1.5% [37].

Table 3 shows the volume and shares of fuels
and energy consumed in the productive sectors
in 2015.

In 2015, fossil fuels (diesel oil, gasoline/naph-
tha, liquefied petroleum gases (LGP), fuel oil and

Table 2. Volume and shares of final energy consumption in the productive sectors of Ecuador during 1995-2015

Productive sector 1995 2001 2007 2015
Agricultural (fisheries and mining) 0.68% 0.49% 0.69% 1.14%
Industrial 22.56% 21.88% 17.65% 21.46%
Construction 0.00% 3.00% 1.06% 1.41%
Commercial (services and public administration) 3.19% 4.,06% 4.57% 6.30%
Transport 49.63% 49.20% 55.96% 52.61%
Residential 21.78% 18.95% 18.11% 14.66%
Final energy consumption [Mboe] 41.98 50.18 65.77 82.64
Source: Coordinating Ministry of Strategic Sector [37].
Developed by: Authors.
Table 3. Volume and shares of fuels and energy consumed in the productive sectors of Ecuador in 2015
Productive sector Firewood i Electricity | LGP e ) Kerosene | Diesel oil e |
products naphtha oil
Agricultural, fisheries and mining 0.21% 0.93%
Industrial 0.40% 2.79%  6.67% 0.88% 0.21% 829% 2.22%
Construction 0.02% 1.39%
Commerglc?rll,;sirsvtl;i?:nnd public 3.80% 2.50%
Transport 0.01% 0.07% 22.88% 3.12% 23.64% 2.90%
Residential 1.86% 519% 7.61%
Final energy consumption [Mboe] 1.86 2.30 12.95 7.25 19.86 2.57 29.60 4.23
Final energy consumption [%] 226% 2.79% 15.67% 8.77% 24.04% 3.12% 35.82% 5.12%

Source: Coordinating Ministry of Strategic Sector [37].
Developed by: Authors.
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kerosene) dominated in the structure of final
energy consumption in Ecuador (76.87%). Die-
sel oil was the main fuel, reaching 35.82% of the
final energy consumption and being mostly used
by the transport and industrial sectors, while
alternative and RES (firewood, cane products)
and electricity represented 20.72%. The remain-
ing 2.41% were attributed to a significant ope-
rating loss in the system. The structure of final
energy consumption was constant during 1995-
2015 and it did not have amendment while die-
sel price was the lowest of the region. In 2016,
the price of diesel oil per litre in Ecuador was
$0.29 while in Colombia it reached $0.64 and
in Peru $0.88; that is, 210% and 300% higher,
respectively [38].

CO, emissions

The historical tendency of CO, emissions and
the largest sectors emitters in Ecuador are shown
in Table 4.

Transport is the most polluting sector, reach-
ing an average of 69% of the total CO, emissions
during 1995-2015. The existence of subsidies
for petroleum products (LPG, gasoline and
diesel) since 1974, which facilitate the growing
use of fossil fuels for transportation and cook-
ing, is the main factor of a high share of emis-
sions [30]. Therefore, the transport sector is
inefficient, even more if it only had contribu-
ted with an average of about 8.5% of the GDP.
During 1995-2015 the industrial sector con-
tributed with an average of 15.5% of total CO,
emissions each year, and the residential sector
with 8%. The other sectors are insignificant
emitters.

METHODOLOGY

To elaborate a foresight analysis, it is required to
collect and analyse quantitative and qualitative
information, so a macro-characterization of the
productive and energy matrices of Ecuador dur-
ing 1995-2015 was made.

First, the research has an explanatory charac-
ter, referring to a construction of the model. Fol-
lowing Robalino-Lépez et al. (2014) the model
uses a modification of the Kaya Identity [39],
where the volume of CO, emissions may be esti-
mated quantifying contributions of five factors:
i) global industrial activity, ii) industrial activity
mix, iii) sectorial energy intensity, iv) sectorial
energy mix, and v) CO, emission factors [22].

Subsequently, the research acquires a pre-
dictive-experimental nature, since a prospec-
tive scenarios approach will be used. This study
makes it possible to analyse sustainability and
to provide guidelines for an agenda in order
to obtain a friendlier development with all the
stakeholders [40]. Figure 1 illustrates the meth-
odological steps of the present work in three
stages: i) collection of information, ii) explana-
tory character, and iii) predictive-experimental
character.

Analysis of complex problems requires the
use of complex scenarios. This implies combin-
ing both quantitative and qualitative approaches
for the analysis of trends and underlying themes.
This consideration avoids limiting the analysis
to quantifiable aspects, allowing to incorpo-
rate institutional, cultural and non-quantifiable
aspects of the system [40]. For these reasons,
this study presents a dualism in the emission

Table 4. Volume and shares of (0, emissions from the productive sectors of Ecuador during 1995-2015

Productive sector 1995 | 2000 | 2007 [ 2015

Agricultural (fisheries and mining) 0.58% 0.50% 0.67% 0.97%
Industrial 14.22% 15.76% 15.08% 17.02%

Construction 0.00% 6.79% 2.28% 2.72%

Commercial (services and public administration) 0.03% 0.84% 0.45% 4.88%
Transport 60.25% 71.24% 75.73% 68.47%

Residential 7.74% 9.35% 9.42% 5.94%

CO, emissions [Mt of CO, equivalent] 19.59 19.67 27.31 38.26

Source: Coordinating Ministry of Strategic Sector [37].
Developed by: Authors.
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STAGE 1: Collection of information

—Quantitative and qualitative
data of macro characterization

STAGE 2: Explanatory character

STAGE 3: Predictive

of productive and energy
matrices.

(Time period 1995-2015)

— Model using the extended
variation of the Kaya Identity.

experimental character

Foresight and simulation of
scenarios:

— Business as Usual scenario.

— Alternative scenario.
(Time period 2016—2030)

Fig. 1. Methodological steps
Developed by: Authors.

scenarios in two lines of research: quantitative
modelling and qualitative narratives.

The exploratory scenarios allow linking his-
toric and present events with hypothetical futures.
In the scenarios, the driving forces are explained
using the Kaya Identity. Trajectories of future
energy carbon emissions resulting from energy
consumption can be expressed as driving forces
including demographics, resources, economics,
technology and non-climate policies [40].

In consequence, the Kaya Identity gives the
frame of reference to explore and analyse the
driving forces of the scenario as the basic entities
of scenario construction in quantitative model-
ling and qualitative narratives.

The simulation period of this study is from
1995 to 2030, where the time period 1995-2015
helps to tune the parameters of the model. The
time period 2016-2030 is the simulated period,
under assumptions of both scenarios concern-
ing: population growth, an annual increase of
the GDP, the evolution of the energy matrix and
energy consumption and their impact on the
growth rate of CO, emissions [22]. Moreover,
the study period is splitted into three stages. The
first stage covers 1995-2006. It is characterized
by a political instability and economic crisis [41].
During the period the economy was based on
agriculture; exports were based on commodities
such as banana, flowers, shrimp, passion fruit,
cocoa, coffee, and especially oil overall. During
the second stage 2007-2015, a certain political

stability was achieved, the State provided invest-
ments into the country’s infrastructure develop-
ment. The main roads were built and renovated,
the electricity and telecommunication services
were improved. Loans were leaded to the agri-
cultural sector. In addition, the State promoted
the provision of seeds, fertilizers, chemicals and
subsidies on inputs to ensure higher productivi-
ty per hectare [41]. The third stage (2016-2030)
corresponds to the projection of historical data
of variables (driving forces) considered in the
Kaya identity. It argues that the environmental
impact caused by CO, emissions in terms of
burning fossil fuels is the product of population
variation, GDP per capita, energy intensity and
carbon intensity [42].

Under this framework a list of strategies that
promote the increase of non-conventional re-
newable energies in the country, is proposed in
search of the diversification of the energy ma-
trix, specifically in biofuels for the ground trans-
portation subsector, contributing to the sustain-
able development of Ecuador.

Formulation of the model - Kaya Identify
extended specification of IPAT identity

The IPAT (Impact, Population, Affluence, Tech-
nology) identity is a framework to describe en-
vironment impact, I, due to human activity.
Therefore, these activities are divided into three
anthropogenic forces: P refers to the total popula-
tion in a country or region, A indicates affluence,
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and T indicates technology, which describes
production techniques [43]. The IPAT identity
allows to study quantitatively the participations
of population, affluence and technology to re-
source consumption [44].

The IPAT analysis generally suggests that
rapid economic growth (improved life quality
and increasing income in a country) is the main
driving force to increase final energy consump-
tion, and consequently the growth of human
activity impact on the environment [42-43].
The effect of population depends largely of the
context, population growth, rapid industriali-
zation processes and urbanization dynamics
and consumption of resources. Technology is a
driving force that can play a positive or nega-
tive role in the environmental impact. So, tech-
nology innovation offsets the increase of final
energy use; in such a way, this performance is
a balance factor [42-43]. Therefore, during eco-
nomic growth, the affluence increases emissions
being only partly compensated by decreasing
energy intensity. For these reasons, public poli-
cies suggest that regions should “improve both
their energy efficiency and energy structure; and
optimize their economic by applying economic
instruments and capacity building effort” [45].
Recently, much research has incorporated more
extend factors to the original IPAT identity [45].

Within this study, the quantitative model for
CO, emissions analysis uses the Kaya Identity,
which is a specification of the IPAT [5-7, 45-46].
Kaya Identity allows to determine the driving
forces in emission scenarios. This tool is mainly
used to explore the main sources of CO, emis-
sions.

According to Kaya Identity, CO, emissions
are estimated through the product of four fac-
tors: i) demographic variable, population;
ii) economic rent, which is defined as GDP per
capita; iii) energy intensity, defined as energy
consumed per unit of the GDP; iv) carbon in-
tensity, which is defined as CO, emitted per unit
of energy consumed [14].

The Kaya Identity:

OE E CO,

CO, emissions = Px = x— * . (1)
P E

For this case of study of Ecuador, the Kaya
Identity variables are described, disaggregating

the GDP values by the productive sector, energy
and CO, emissions by fuel type [22]:

CO, emissions = P*Q*Q* E , @*ﬁ, 2)

P 0 0 E E
where:

P - population,

Q - total gross domestic product (GDP),

Q, - gross domestic product by productive sector,
E, - energy consumption by productive sector,

E, - energy consumption by type of fuel in a pro-
ductive sector,

U, - CO, emissions by type of fuel in a productive
sector.

In consequence, the Kaya Identity allows to
analyse and discuss driving forces, such as de-
mographics, economics, resources, technology
and CO, emissions. Consistent with the built
model, scenario analysis takes into considera-
tion institutional, cultural and non-quantifiable
characteristics of the system [40].

That helps decision-makers to face uncer-
tainty by providing several possibilities for fu-
ture development [47].

Scenarios are stories with the purpose about
how the context could develop over the time
[48-49]. Therefore, scenario analysis is the art of
using scenarios for decision-making [50]. It is a
form of exploration that can be taken to show
a set of plausible future events, their causes and
consequences [51], being a powerful tool that
can be integrated into strategic planning.

Assumptions for the scenario’s development
The energy system is a strategic sector of a
country; therefore, public policies are priori-
ty to include guidelines, contents, instruments,
mechanisms, definitions, modifications and the
forecast of the expected results [52]. In such a
way, article 413 of the Constitution of the Re-
public of Ecuador establishes the promotion
of development and use of clean and healthy
practices and technologies, energy efficien-
cy and renewable, diversified and low impact
energies [27].

In 2015, Ecuador signed the 2030 Agenda of
the United Nations, which establishes guidelines
to achieve the Sustainable Development Goals
[53]. For this reason, the Organic Code of the
Environment establishes articles that promote



Energy foresight: Exploration of CO, reduction policy scenario for Ecuador during 20162030 59

measures to mitigate climate change: i) nume-
ral 1 of article 259 promotes patterns of produc-
tion and consumption that reduce and stabilize
greenhouse gas emissions; ii) numeral 9 of article
261 establishes the promotion of energy efficien-
cy programmes, as well as the establishment of
economic and non-economic incentives for con-
ventional and non-conventional renewable en-
ergies; iii) numeral 10 of article 261 establishes
the promotion of low emissions transports; and
iv) numeral 12 of article 261 promotes the reuse
of organic and inorganic waste, as well as the use
of its energy potential [54].

Under this framework, on 7 February 2019, the
Organic Energy Efficiency Law was signed, estab-
lishing transport as one of the priority sectors. In
addition, the necessary policies for promoting the
production and consumption of biofuels at the na-
tional level were recognized as priorities [53].

With respect to the transport sector, the Ec-
uadorian National Energy Efficiency Plan 2016-
2035 stipulates the continuity and expansion of
the project of partial replacement of fossil fuel
by mixing with biofuel [55], the goal that can be
achieved using the excess of African palm and
sugar industry. Table 5 describes the assumptions

Table 5. Assumptions of BAU and Alternative scenarios in relation to Kaya Identity

Kaya Identity
elements

BAU scenario

Alternative scenario

Population
developments

Population presented a growth rate of 1.68% in
the time period 1995-2006, and 1.43% during
the period 2007-2015 [36]. Model estimates con-
siderate an annual growth rate of 1.28% during
the prediction period 2016-2030.

The same behaviour (growth rate of
1.28%) for population growth rate is con-
sidered.

GDP
developments

GDP showed a growth rate of 2.82% during the
time period 1995-2006, and 3.64% in the time
period 2007-2015 [32].

The estimate growth rate for the time period
2016-2030 is based on a projected growth rate of
3.83% of total GDP. The commercial sector (servi-
ces and public administration) will be the largest
participation, with a growth rate of 5.11%. The
industrial sector will not cause a change in the
structure of the productive matrix, it will maintain
an annual growth rate of 2.43%. Agricultural, con-
struction, transport and residential sectors will
have annual growth rates of 2.03%, 4.68%, 4.38%
and 0.75%, respectively.

The annual growth rate will be of 3.83%
during the time period 2016-2030.

In the Alternative scenario, the indus-
trial sector increases its share into GDP
from 14.8% to 16.3% during this pe-
riod. Therefore, this sector will have an
annual growth rate of 4.01%. With this
new structure the estimated new annual
growth rate for the construction sector
will be 3.10%.

Final energy
consumption
developments

The growth rate of final energy consumption is
highest in the period 1995-2006, reached a value
of 3.52%. While in the time period 2007-2015 it
showed a growth rate of 2.57% [37]. The estimate
trend for the time period 2016-2030 is based on
a projected growth rate of 2.30% of the final en-
ergy consumption.

The same behaviour (growth rate of
2.30%) for final energy consumption is
considered. In the case of transport sec-
tor consumptions for the time period
2018-2023 a B5 mixture (5% biodiesel
and 95% diesel oil) is going to be added,
and for the time period 2024-2030 a B10
mixture, which is 10% biodiesel, will be
added to diesel ail.

CO, emissions
developments

CO, emissions showed a growth rate of 1.91%
during the time period 1995-2006, and 3.82% in
the time period 2007-2015 [37]. Maintaining the
same energy and production structure, the esti-
mate growth rate of CO, emissions will be 2.2%
due to the burning of fossil fuels during the time
period 2016-2030.

With this new structure, it is expected to
reduce the growth rate of CO, emissions
due to the use of public policies to pro-
mote biofuels in Ecuador and to increase
energy efficiency.
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made for the two scenarios that has been con-

sidered: i) Business as Usual (BAU) scenario and

ii) Alternative scenario.

The aspects that have been considered to
simulate both BAU and Alternative scenarios are:
i) The qualitative and quantitative data collected

for this study corresponds to the time peri-

od 1995-2015, divided into two parts. The
first covers 1995-2006, and the second cov-
ers 2007-2015. For both scenarios the time
period is 2016-2030 and the GDP growth

annual rate is 3.83%. This assumption is a

consequence of the fact that Ecuador’s eco-

nomic activity has registered about the same

annual growth rate of its GDP in the last 10

years [28].

ii) For the BAU scenario, the structure of the
productive matrix does not have changes (see
Table 1). For the Alternative scenario, the in-
dustrial sector must have an annual growth of
more than 4%. This growth can be achieved
through the boost provided by the strength-
ening of both production and the distribution
chain of biofuels in Ecuadorian economy.

iii) The proposal for the Alternative scenario is
to generate an impulse in the use of biodie-
sel in the transport sector in Ecuador. Land
transport consumes around 84% of the to-
tal energy demand [56] of the sector, being
the gross consumer of oil derivatives and the
largest emitter of CO,, through the addition
of biodiesel in conventional diesel oil. For
the time period 2018-2023 a B5 mixture (5%
biodiesel and 95% diesel oil) is going to be
added, and for the time period 2024-2030 a
B10 mixture, which is 10% biodiesel will be
added to diesel oil.

RESULTS AND DISCUSSION

BAU scenario

In the BAU scenario, the structure of the
productive matrix does not have significant
changes. Figure 2 refers to the composition of
sectorial energy consumption by fuel type in 2030
within the BAU scenario.

As it is presented, the final energy consumption
will predominantly maintain the use of petroleum

Residential
Transport
Commercial

Construction

Industrial
Agro
0 20 40
Mboe
B Firewood B Cane products
M Electricity B LPG

M Gasoline / naphta m Kerosene

M Diesel Oil H Fuel Oil

60

Fig. 2. Sectorial energy consumption by fuel
type in Ecuador in 2030 under the BAU sce-
nario

Developed by: Authors (Model estimations).
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derivatives, and transport, industry and residen-
tial sectors will be the main energy consumers.
By 2030, model estimations show that the trans-
port sector will be the largest consumer of the
final energy with 48.05%, industrial - 25.69%,
residential - 18.80%, commercial - 4.19%, agri-
cultural - 2.34% and construction - 0.94%. The
energy mix consumed in the transport sector
will mainly consist of diesel and gasoline/naph-
tha. Totally, 51.32 Mboe will be consumed by the
sector in 2030. The industrial sector will present
a consumption dependent on the characteristics
of the production processes. Therefore, it will
consume the energy mix dominated by electric-
ity, diesel oil and LPG. Totally, 27.44 Mboe will
be consumed by the sector in 2030. The residen-
tial sector will present a higher consumption of
electricity and LPG than other sectors. Lighting
purposes, equipment or appliances functioning
and other devices with lower energy consump-
tion for electricity, and food cooking and water
heating sub-sectors will remain the final users of
LPG. Totally, 20.08 Mboe will be consumed by
the residential sector in 2030.

Diesel and gasoline/naphtha will be the
dominant fuels in the energy matrix. Totally,

34.54 Mboe of diesel and 22.39 Mboe of gaso-
line/naphtha will be consumed in Ecuador in
2030. Both diesel and gasoline fuels will repre-
sent 53.3% of the final energy consumption in
the country. By 2030, it is estimated that 25.54
Mboe of electricity (23.9%) and 12.14 Mboe of
LPG (11.4%) will be consumed in Ecuador. The
final consumption of other fuels, such us fire-
wood, cane products, kerosene and fuel oil, will
represent 12.20 Mboe (11.4%) by the same year.

Figure 3 presents the trends of GDP and
CO, emissions under the BAU scenario during
2016-2030.

The BAU scenario estimates that CO, emis-
sions will increase by 1.16% a year since Ecuador
economy will function based on burning of fossil
tuels. Therefore, Ecuador will increase emissions
by 119% in 2030. That is more than the double of
its current level. During 2016-2030, 631.15 Mt
of CO, equivalent will have been emitted to the
atmosphere. For 2030, the transport sector will
continue being the main CO, emitter, making up
to 68% of the total CO, emissions (31.06 Mt of
CO, equivalent), followed by the industrial sec-
tor with 20% of the total CO, emissions (9.05 Mt
of CO, equivalent).
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Alterative scenario

This work proposes an Alternative scenario that is
quantitative modelling and qualitative narratives.
This dualism supports the formulation of public
policies in search of initiatives that would allow
minimizing environmental impact derived from
the growth of the land transport sector [57].

The trend of the global energy sector is the
transition from fossil fuels to RES. The main
sources of renewable energy exploited for ener-
gy production during the last decade were the
following: wind, solar, traditional hydroelectric
power and biomass [58]. The search for alter-
natives that would minimize the environmental
impact of land transport is a challenge for all
countries and regions, biomass is an attractive
input to improve energy efficiency in this sector.

Biofuels are alcohols, esters or different
chemical compounds that are obtained from
biomass, agricultural residues, forestry, indus-
trial waste and food industry waste. Bioethanol
and biodiesel are the most developed biofuels.
Bioethanol is obtained mainly from abundant
crops of sugarcane or starch. Biodiesel is usually
obtained from oil plants. The use of these is con-
sidered neutral in carbon emissions, due to con-
sumption of this during the growth of biomass
through photosynthesis [59].

Therefore, according to data from the Natio-
nal Information System of Agriculture, Livestock,
Aquaculture and Fisheries (SINAGAP), the pro-
duction of sugarcane for external uses of sugar pro-
cessing is 16,000 Ha [60]; to this data can be added
the waste from the process of sugar elaboration and
other components for the generation of biomass.

The experience with bioethanol in Ecuador
goes back to the “Ecopais” project, which started
in January 2011. The objective was to commer-
cialize a fuel, 95% gasoline and 5% ethanol. Cur-
rently, 80,000 gallons of “Ecopais” are supplied
in the country every day [57].

In Ecuador, biodiesel can be produced from
the African palm, which registers 369,406 Ha
planted in 2015; 21.4% (79,063 Ha) of this to-
tal were not harvested [61]. The experience with
biodiesel in Ecuador is incipient. A research
project from an Ecuadorian university has a
pilot plant that produces 100 litres of biodiesel
every six hours, using raw material oils from ole-
aginous plants such as Jatropha [57].

In 2014 in Ecuador, the transport sector
had approximately 1,752,712 vehicles, of which
529,521 were buses, trucks, vans, tankers, trail-
ers and others; those represent 30% of the total
[62]. The advantage of biodiesel is that it can be
used directly in diesel engines without a necessi-
ty to modify them, the most common mixture is
B20, 20% biodiesel and 80% diesel oil [59].

Biodiesel is currently not being refined from
African palms in Ecuador, despite the fact that
41% of the production of palm oil, about 140,000
tons, were exported abroad in 2006, much of it
in the countries of destination was destined for
the refining of biodiesel [63].

Nowadays, there is a possibility of developing
biodiesel based on sugarcane products, through
a process of genetic modification. In this process
molecules are hydrogenated into farnesane and can
be used as a biodiesel component by being mixed
directly into diesel fuel up to approximately 30%
[64]. After adding 5% of biodiesel to conventional
fuel, approximately 240 million litres of biodiesel
are required per year. Currently, 30% of this pro-
duction could be covered by African palm oil [65].

Under this framework, the proposal is to use
a B5 mixture (which consists of 5% of biodiesel)
in the time period 2018-2023, and a B10 mix-
ture (which consists of 10% of biodiesel) in the
time period 2024-2030.

In the Alternative scenario, the industrial sec-
tor increases its contribution to the GDP from
14.8% to 16.3% in the time period 2016-2030. In
order to achieve the growth, the industrial sector
will have to grow by 4% a year during the next
15 years. Precisely, producing biofuels will be a
driving factor for the industrial sector.

Figure 4 shows the composition of final ener-
gy consumption by fuel type in 2030 under the
Alternative scenario.

Figure 4 illustrates that in the Alternative
scenario, composition of energy consumption
will not change substantially by 2030 in com-
parison to the BAU scenario. The transport sec-
tor will continue being the largest consumer of
diesel oil and gasoline/naphtha. It will consume
48.92 Mboe in 2030. However, the use of bio-
fuels has already been appreciated. It will reach
2.4 Mboe in 2030 (2.25%). This modification in
the composition of final energy consumption
in the transport sector causes a decrease in CO,
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Fig. 4. Sectorial energy consumption by fuel
type in Ecuador in 2030 under the Alterna-
tive scenario

Developed by: Authors (Model estimations).

emissions from 45.58 to 43.41 Mt of CO, equiv-
alent by 2030 (4.76% of decrease). The industrial
sector will continue consuming electricity, diesel
oil and LPG. Totally, 27.44 Mboe will be con-
sumed. The residential sector will use electricity

and LGP predominantly. Totally, 20.08 Mboe will
be consumed by the sector in 2030.

Figure 5 presents the trends of GDP and CO,
emissions under the Alternative scenario during
2016-2030.
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140
1=
§ 120 ’
© /
= ’
> 100 74
2 ’
:’6 ’/
SO 80 ’
= oy P4
=8 o~
S 60 ’
o ’I
R g
v
)
£ 20
0
N 0 A ~NO M WO N W
A0 O OO0 4 &N N N
O 00 O OO0 OO0 0O 0o o o o
AN AN NN AN AN NN AN
=== GDP

Fig. 5. Developments of GDP and CO,
emissions in Ecuador during 1995-2030
under the Alternative scenario

Developed by: Authors (Model estimations).




64 Gabriela Araujo, Andrés Robalino-Lépez, Natalia Tapia

The Alternative scenario reports that CO,
emissions will increase by 0.84%. Therefore,
during 2016-2030, 610.66 Mt of CO, equivalent
will have been emitted to the atmosphere. For
2030, the transport sector will produce 28.9 Mt
of CO, equivalent, followed by the industrial
sector with 9.05 Mt of CO, equivalent.

Comparison of CO, emissions under BAU and
Alternative scenarios

Figure 6 shows comparison of CO, emissions
under BAU and Alternative scenarios.

The model estimations during the time pe-
riod 2016-2030 show that under the BAU scena-
rio, approximately 631.15 Mt of CO, equivalent
will be emitted, while under the Alternative sce-
nario projected emissions are 610.66 Mt of CO,
equivalent. Therefore, CO, emission reduction
will be 20.49 Mt of CO, equivalent. For the time
period 2018-2023 a B5 mixture (5% biodiesel
and 95% diesel oil) is going to be added, this first
stage will represent 5.79 Mt of CO, equivalent of
reduction. For the time period 2024-2030 a B10
mixture, which is 10% biodiesel will be added to
diesel oil, this second stage will represent 14.69
Mt of CO, equivalent of reduction. The reason
for this is an assumption of the Alternative sce-

nario that the transport sector will continue be-
ing the largest consumer of fossil energy. How-
ever, in this scenario the use of biofuels and their
impact in the reduction in CO, emissions has
already been appreciated. A decrease of 0.30%
in the emission growth rate will be obtained
considering the use of biofuels to reduce CO,
emissions in the Alternative scenario. There-
fore, in the BAU scenario, an annual growth rate
of 3.83% in the GDP will cause an increase of
1.16% in the CO, emissions. While in the Al-
ternative scenario, the same continuous growth
rate in the GDP will cause an annual increase of
0.84% in the CO, emissions for the time period
2016-2030.

Public policies to promote biofuels in Ecuador

Governments around the world have been given
plentiful attention to biofuels, because they are an
environmentally friendly and adaptable substitute
for fossil fuels. Many countries have supported
regulations and laws to promote the sustainable
development of biofuels [66]. The significant
drivers to promote biofuels are: i) combat
climate change and reduce emissions, ii) increase
employment in the agricultural sector and create
an additional agricultural market, and iii) energy
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security and resource potentials [67]. Therefore,
public policies are a priority to include guidelines,
contents, instruments, mechanisms, definitions,
and moreover, they are crucial in influencing the
direction of socio-economic and technical change
[52]. Policy support must be the driven force for
developing the phase of biofuels industry, because it
is less competitive than traditional energy in terms
of “high production cost, immature technology
and poor supporting infrastructure” [66].

Now, more than ever, responsible public pol-
icies must take into consideration the transport
systems and the fuels that power them into long-
term sustainability strategies. The biofuels pro-
motion has become more attractive; it takes ad-
vantage of existing supply chains and distribution
infrastructure [68]. Biofuels constitute the most
immediate sources of alternative energy for vehi-
cular use. So, they might provide a partial solution
to environmental problems, displacing conven-
tional fuels in transport and reducing emissions
of fossil fuels consumed [67].

Under this framework, biofuels offer impor-
tant opportunities for Ecuador, allowing: i) diver-
sify the energy matrix, ii) contributing to energy
security, iii) promoting industrial sector growth,
iv) pursuing the substitution of fossil fuels, v) mit-
igating of greenhouse effect gases, vi) creating of
jobs [69-70], vii) vehicle park updating with better
performance and safety, viii) purchasing product in
the domestic market avoiding capital outflow, and
ix) promotion of agricultural and biofuels research
and development [55], among other benefits.

Any bioenergy project must comply with sus-
tainability criteria, avoiding competing with other
land uses or affecting biodiversity and food secu-
rity [70]. For this reason, article 15 of the Consti-
tution of the Republic of Ecuador specifies that
“energy sovereignty will not be reached at the ex-
pense of food sovereignty” [27].

Under this framework, Figure 7 summari-
zes a list of strategies that promote the increase
of non-conventional renewable energies in the
country, focused on land transport and biofuels.

STAKEHOLDERS
Different State Establish regulatory frameworks
institutions. and long-term policies on bio-
Agricultural producers. energy issues [70].
Biofuels production K | Determine the atlas of biomass \4 _ _
companies. E | potential of Ecuador, under A |Fossil fuels import
Owners of vehicles. Y | sustainability criteria, excluding L |reduction.
Community. protected, forestry and U Procurem?nt of

agricultural areas [70]. E lraw materials and
RESOURCES £ Encourage agricultural products in the

g production to obtain raw ‘ p domestic market.

Academy, research | materials [55]. R Fromote research,
institutes and y | Increase the infrastructure for the o 'develop.ment and
laboratories. [ | production, commercialization P 1nnovat101.1 Of.
Existing biofuel T |and distribution of biofuels and o |technologies in
infrastracture. - I | the technologies involved [57]. S ﬂ.le field of
Agricultural products E | Promote different initiatives that A biofuels.
and areas available. S | seek a socio-cultural change that L
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in the transport sector [57].

Fig. 7. Strategies to promote the increase of biofuels in Ecuador

Developed by: Authors.
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The policy of biofuels in Ecuador is at an ear-
ly stage of development and experiences have
been incipient. Therefore, it is important to con-
sider referential costs: implementation of biofuel
refining infrastructure, marketing and distribu-
tion network, socialization campaigns and ag-
ricultural development [55, 71]. But neverthe-
less, the beneficiaries are agricultural producers,
companies that produce biofuels, fuel trading
companies, service stations of fuels, network of
professionals, owners of vehicles and communi-
ty in general.

CONCLUSIONS

In order to implement appropriate sustainable
development strategies and public policies, it is
crucial for energy long-term planning studies
that include mathematical models to be com-
plemented by qualitative approach. This com-
bination allows to incorporate aspects that are
beyond the scope of quantitative approaches.
Therefore, the evaluation of mixed scenarios is
an effective tool for decision-makers as it broad-
ens thinking and overcomes the false certainty
of a static forecast. Under such a circumstance,
this study combines both a mathematical model
using the extended variation of the Kaya Identi-
ty, construction of narrative scenarios and simu-
lation of these scenarios.

The results show that the transport and in-
dustrial sectors are causing 85% of CO, emis-
sions, due to the consumption of fossil fuels.
The BAU scenario shows that under the current
conditions, emissions will have a growth rate
of 1.16%, that is, 45.58 Mt of CO, equivalent in
2030. The Alternative scenario estimates to re-
duce CO, emissions down to 43.41 Mt of CO,
equivalent. So, for the Alternative scenario, a
continuous growth rate of 3.83% in the GDP will
cause an annual increase of 0.84% in the CO,
emissions for the time period 2016-2030.

The main purposes to promote biofuels in
Ecuador are to reduce the consumption and
import of fossil fuels and reduce CO, emis-
sions. Moreover, the reference to impulse an
additional market for agricultural products and
supply the national demand of biofuels is nota-
ble. Then, public policies support is essential to
include guidelines and mechanisms to influence

the direction of socio-technical change. The sus-
tainability of the transport system and the fuels
that power them are a main topic for medium-
and long-term considerations. Therefore, the
proposal to impulse the use of biodiesel in the
transport sector in Ecuador through the addi-
tion of biodiesel in conventional diesel oil is an
interesting alternative.
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KURO IR ENERGIJOS NAUDOJIMO
PERSPEKTYVOS: CO, EMISIJU MAZINIMO
POLITIKOS SCENARIJU EKVADORUI
2016-2030 M. TYRIMAS

Santrauka

Energetikos sektorius yra svarbus gyvenimo kokybe
ir ekonomine gerove lemiantis veiksnys. Kiekvienos
$alies infrastruktaros, technologijy ir net kultdros
skirtumus butina jtraukti j tos $alies energetikos
analize, kuri reikalinga nustatant skirtingus CO, i3-
metimo $altiniy tipus ir jy dydzius. Straipsnio tiks-
las - pateikti atliktg Ekvadoro energijos ir kuro bei ga-
mybos matricy perspektyvine analize 2016-2030 m.,
pasialyti prie $alies darnaus vystymosi prisidedancia
visuomenine politika.

Pirmajame etape tyrimas yra ai$kinamojo pobt-
dzio - pateikiamas modelio, besiremiancio ,Kaya
Identity i$plestiniu variantu, kur CO, i$metimai tiria-
mi kiekybiskai jvertinus pasaulio pramonés veikla, jos
jvairove, sektorinj energijos naudojimo intensyvumg,
sektorinj sunaudojamo kuro ir energijos rusiy derinj

ir CO, emisijy veiksnius, apragymas.

Antrajame etape, naudojant tiriamuosius (zvalgo-
muosius) scenarijus, tyrimas jgyja nuspéjamajj-ekspe-
rimentinj pobudj. Tai leidZia susieti istorinius ir dabar-
ties jvykius su hipotetine (menamgja) ateitimi. Todél
»Kaya Indentity pateikia gaires (struktara), kaip tirti
ir aptarti scenarijaus varomasias jégas, kurios yra kie-
kybinio modeliavimo ir kokybinio fakty déstymo pa-
grindiniai subjektai.

Tyrimo metu parengti du scenarijai: ,Jprasty
veiksmy“ (angl. Business as Usual), kuriuo nekeicia-
ma energijos ir kuro bei gamybos matricy struktiira;
»Alternatyvusis® (angl. Alternative), kuriuo siekiama
sumazinti sausumos transporto naftos produkty su-
naudojima. Alternatyviojo scenarijaus, numatancio
biokuro naudojima, atveju planuojama, kad CO, is-
metimy apimtys sumazés nuo 45,58 iki 43,41 Mt CO,
ekvivalenty 2030 metais. Ekvadore biokuro politika
yra ankstyvajame raidos etape. Taciau biokuras atve-
ria svarbias galimybes: (1) leidzia diversifikuoti kuro
ir energijos matrica; (2) prisideda prie energetinio
saugumo; (3) skatina pramonés sektoriaus augima;
(4) siekia igkastinio kuro pakeitimo ir $iltnamio efekta
sukelian¢iy dujy poveikio mazinimo.

RaktaZzodziai: scenarijy analizé, ,Kaya Identity®

CO, iSmetimai, kuro ir energijos matrica



