
 

 

 University of Groningen

The Dynamics of the Water-Electricity Nexus
Vaca Jiménez, Santiago

DOI:
10.33612/diss.135589228

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Vaca Jiménez, S. (2020). The Dynamics of the Water-Electricity Nexus: How water availability affects
electricity generation and its water consumption. [Thesis fully internal (DIV), University of Groningen].
University of Groningen. https://doi.org/10.33612/diss.135589228

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.135589228
https://research.rug.nl/en/publications/867f75cd-a4ec-4e3a-aadc-899d819dd00f
https://doi.org/10.33612/diss.135589228


This chapter is mainly based on the book chapter:

Vaca-Jiménez, S., “Ecuador: Estrategias y polı́ticas públicas en energı́a” in: Guzowski, C. (Ed.), Polı́ticas de
Promoción de Las Energı́as Renovables: Experiencias En América Del Sur. Editorial de la Universidad
Nacional del Sur (ediUNs), Bahı́a Blanca, Argentina, 2016, pp. 89–120

Chapter 3

Ecuador as the Case Study

3.1 Geography and Climate

3.1.1 Ecuador, the Andes mountains and the Pacific and Amazon basin

E
cuador lies at the equator in South America. It is divided in two parts, from north to
south, by the Andes mountains, dividing the country into two basins, the Amazon

and Pacific (Briones Hidrovo et al. 2017). Population and agriculture are mostly lo-
cated in the Pacific basin, while the Amazon comprises small settlements of people, oil
fields and natural parks (INEC 2014). The Amazon basin includes 80% of the Ecuado-
rian forested land, which is part of the Amazon rainforest (Yale 2020). In the Amazon
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rainforest, there is one of the most biodiverse places on earth, the Yasun National Park,
which is a UNESCO World Biosphere Reserve since 1989 (Yale 2020).

3.1.2 Water Resources and Climate

Ecuador is a water-abundant country. The average annual precipitation is 2274mm, and
the annual internal renewable water resources are 442 km3, originating totally from in-
ternal sources (FAO 2015). Rivers originate in the Andes, flowing either to the Pacific
Ocean (west) or to the Atlantic via the Amazon basin (east) (SENAGUA 2002). Despite
large rainfall, there is freshwater competition among users in Ecuador (US Army Corps
of Engineers 1998). Municipal water supply has the priority to access freshwater, next
agriculture, and finally, industry that includes the electricity sector (Asamblea Nacional
de la República del Ecuador 2014). The three sectors have different temporal and spatial
water consumption patterns.

Ecuador’s geography causes different climates so that the two basins have different
weather conditions. Ecuador has two seasons: a dry and a wet season. The difference
between dry and wet seasons in the Amazon is smaller than in the Pacific. For instance,
the Pacific basin has a wet season from December to May, with 82% of annual precip-
itation. In the Amazon basin, there are two wet seasons, one from March to June and
one from late October to December, with 64% of annual precipitation. The difference in
geography and climates create different freshwater availability variations in the basins.
Freshwater availability is larger in the Amazon basin (88% of the resource) than in the
Pacific basin (CEPAL 2010). Water availability in the basins has different seasonal fluc-
tuations due to the different weather systems described above (UNESCO 2010).

Moreover, in both basins, there is a distinction between the climate of the highlands
and the lowlands. In general, the Ecuadorian highlands have dry, temperate climates;
the lowlands humid, tropical climates (INAMHI 2018, Rollenbeck and Bendix 2011).

3.2 Ecuadorian Electricity System

3.2.1 Background

The Ecuadorian electricity system uses a mix dominated by thermal power plants using
oil and hydropower. It was initially built as a series of standalone systems provid-
ing electricity for specific communities (Narváez Avendaño and Tamay Crespo 2013).
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The infrastructure was built around cities in the Pacific basin using locally available re-
sources. In general, cities in the Andes have hydropower plants, cities in the lowlands
thermal power plants. In the ’60s, the government integrated these standalone systems
in a national grid (Narváez Avendaño and Tamay Crespo 2013). The introduction of
this national electricity grid (SNI) allowed the Ecuadorian electricity system to use part
of the large hydropower potential of the Amazon basin.

Nowadays, the Ecuadorian electricity mix includes many thermal and hydropower
plants in both basins, which provide electricity to 97% of the Ecuadorian population
(MEER 2017a). There are still off-grid power plants in remote areas, e.g., on the Gala-
pagos Islands, or work as standalone systems to fulfill specific industrial activities, e.g.,
for the oil industry in the Amazon rainforest (ARCONEL 2018b).

3.2.2 Composition

Ecuador’s electricity is generated by a large variety of technologies that include several
power plant (PP) types. According to MEER (2017b), these technologies are:

1. Hydropower plants (HPPs), which include large, medium and small-sized, dammed,
run-of-the-river (ROR), built-in series, in-conduit, and multipurpose technology
HPPs.

2. Thermal power plants (TPPs), which include Rankine, Brayton, and Internal com-
bustion engines that work as stationary PPs. TPPs have three cooling types: wet-
tower, once-through and dry cooling.

3. Biomass power plants (BPPs), which include biogas-fired and solid biomass-fired
PPs. Biogas comes from landfills and solid biomass from residues of the sugarcane
industry.

4. Other Renewables power plants (OPPs), which include solar photovoltaic power
plants (PV) and wind power plants.

Currently, HPPs and TPPs produce 97% of the electricity in the country (ARCONEL
2018b). In 2017, HPPs produced 72.3 PJ (71% of the electricity) and TPPs 26.6 PJ (26%).
TPPs mostly use crude oil and its derivatives. In the same year, BPPs produced 1.7 PJ
(2% of total electricity). Their operation depends on the sugarcane seasonality (growing,
harvesting and production). The industry itself uses most electricity; the surplus goes
to the national grid. Finally, OPPs contribution to total electricity supply is small, only
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Figure 3.1: Ecuador, its basins, and the location of the power plants (based on the mixs composition of
2019).

0.4 PJ (0.4%) in 2017. OPPs have just recently started to become part of the national elec-
tricity grid (ARCONEL 2018b). Figure 3.1 shows the map of Ecuador with the Amazon
and Pacific basin and the location of the PPs that shape the electricity mix in the country.

Figure 3.1 shows that most of the HPPs are in the Andes mountains, except for two
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multipurpose HPPs in the western lowlands. TPPs are generally located in the vicinity
of oil and gas fields. Solid biomass-fired BPPs are close to the sugarcane fields; biogas-
fired BPPs are in cities in the Andes. There is only one wind power plant and some solar
power plants in the mountains in the north and the south (ARCONEL 2016).

Moreover, Ecuador has a transnational electricity connection with two neighbor-
ing countries: Colombia and Peru. In the past, when the countrys electricity genera-
tion was not sufficient, electricity imports occurred (MICSE 2014). In the past years,
Ecuador has become self-sufficient in terms of electricity generation and the share of
the import dropped below 1% of total electricity production compared to production in
2016. For instance, in 2017, only 0.07 PJ were imported (0.07% of total electricity supply)
(ARCONEL 2018b).

3.2.3 The electricity mix and its relation to freshwater availability

In Ecuador, HPPs electricity output is constrained by water availability shortages that
occur during seasonal dry periods. HPPs electricity production decreases when river
water is limited. In these situations, Ecuadorian TPPs increase production (ARCONEL
2018b).

In Ecuador, water shortages have affected the electricity mix composition and the
overall energy policy. For instance, during the severe drought of 1992 and 1993, the
country endured almost daily blackouts (El Comercio 2009). The government tackled
this lack of water for electricity by changing the official hour, making it an hour earlier
in an attempt to obtain a similar effect as the energy saving efforts applied during win-
ter in the northern hemisphere (El Comercio 2009). Also, during a similar drought in
2009, the country had several blackouts. At that time, the government avoided incur-
ring desperate measures by importing the required electricity from Per and Colombia,
while it commissioned to build more TPPs and HPPs (BBC 2009).

Nowadays, water limitations and their effect on electricity output, have been ad-
dressed with an increase of the total HPP installed capacity. This has caused an overall
reduction of the total HPP productivity though. This productivity change can be ob-
served in the reduction of the Ecuadorian HPP capacity factor in relation to other coun-
tries in the region. In 2017, Ecuadorian HPPs had a capacity factor of 51% (ARCONEL
2018b), smaller than the average 54% of Latin America and the Caribbean (Kumar
et al. 2011). Despite these actions, TPPs are still required to overcome reduced HPP
production.
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3.3 Ecuadorian Energy Transition

3.3.1 Current policies

In Ecuador, the energy transition policy towards the mitigation of climate change, re-
duction of deforestation and air pollution started officially with the Constitution of 2008
(Asamblea Nacional de la República del Ecuador 2008). Since then, policy has laid out
a very specific energy transition plan for the country that aims at a three-fold goal
(SENPLADES 2017, SENPLADES 2013, SENPLADES 2009, Ministerio del Ambiente
2012, MEER 2017a):

• Improve energy independence;

• Reduce the import of oil-derivatives;

• Reduce GHG emissions and increase carbon sinks in strategic sectors.

In terms of electricity generation, the Ecuadorian energy transition involves: (i) the
increase of RES contribution; (ii) reduction of TPP electricity production; (iii) electrifica-
tion of some key sectors (like the transport sector); and (iv) a different prioritization of
power plants in the mix.

The first plans had the initial goal to double the installed capacity in the country and
achieve a share of 84% of electricity generation from HPPs in 2022 (CONELEC 2013a).
This plan also expected to reduce 35% of current fossil fuels use and a shift from oil-
derivatives to natural gas. This was an ambitious hydropower-based plan, consider-
ing that in 2013 only 59% of electricity generation was produced by HPPs (CONELEC
2013a). Some of the mechanisms to achieve this hydropower-based electricity transition
included a series of regulations that incentivize investments by competitive electricity
purchase rates, i.e., the rates framed in CONELEC (2013b), and by preferentially regu-
lating mandatory dispatches of electricity for HPPs and OPPs, over TPPs, meaning that
the electricity production from these power plants have the priority to be injected in the
grid (Asamblea Nacional de la República del Ecuador 2015).

Figure 3.2 shows the latest Ecuadorian electricity transition plan which is less ambi-
tious than the one described in 2013. However, it still considers major HPP expansion,
with hydropower projects contributing 74% of the planned 4000 MW increase of gener-
ation capacity (MERNNR 2019).
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Figure 3.2: Ecuadorian Electricity transition plan from 2018 to 2027, including names and nominal
capacity of the power plants planned in the mix during this period. Modified from MERNNR (2019).

Figure 3.3 shows the estimated fuel consumption and GHG emissions related to
the Ecuadorian transition plan. Contrary to the previous plan, the new plan consid-
ers a two-fold increase of fossil fuel use, causing a two-fold GHG emission increase
(MERNNR 2019).

3.3.2 Energy transition in the light of other sectors

If the energy transition is put in the light of other sectors, according to the countrys
constitution (Asamblea Nacional de la República del Ecuador 2008), energy indepen-
dence should be obtained by introducing RES, but only if they do not jeopardize food
sovereignty, ecological balance, or the right to access water resources. This indicates a
prioritization between the countrys goals so that food and water security are prioritized
over the energy transition.
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Figure 3.3: Estimated fuel consumption and CO2 emissions based on the latest Ecuadorian electricity
transition plan (based on MERNNR (2019)).
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