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Current energy mix

The energy mix supplying Quito is similar to the whole Ecuadorian energy mix: The conceptual model (Figure 3) has been developed with the objective to assess energy solutions for Quito. Therefore, variables are grouped under environment, human/social and economic/society labels for pressures, state and impacts sections. Other sections don't have similar categories, as drivers should be studied as a whole system; impacts produce interactions within the 3 categories; and responses need to address issues in a holistic way.

The state is measured through different indicators which currently define Quito.

Future changes on these variables can assess the changes induced by the pressures listed above. - Fired oil represent 12,2% of the electricity mix in Ecuador [START_REF] Ramirez | Life cycle assessment of the electricity network in Ecuador[END_REF]. As Ecuador is an oil producer, fired oil energy remains easy to supply.

Quito is particularly concerned by the use of oil energy for cooking applications.

According to the National Efficient Cooking Program (NECP), Quito should decrease as soon as possible the use of fossil fuels. Helping people to afford electric stoves would help the government to decrease the cooking subsidies and save $1.162 billion. This would also lead to a 1.8 tCO 2 /year saving, thus helping Quito to achieve the C40 Network objectives [START_REF] Martínez | Analysis of energy, CO 2 emissions and economy of the technological migration for clean cooking in Ecuador[END_REF].

Photograph : A layer of smog is seen over Ecuador's Capital city Quito [START_REF] Granja | A layer of smog is seen over Ecuador's Capital city Quito as pictured from a hill[END_REF]. Thus modifying flow regimes (Figure 3). Despite melting mechanisms remain poorly understood and unpredictable, Quito finds in glaciers its main source of water and energy supply [START_REF] Chevalier | Climate change threats to environment in the tropical Andes: glaciers and water resources[END_REF]). Hence, diversifying the energy portfolio is mandatory.

Fired oil

LCA

It is worth noting that the huge scores of 547 Kg-CO 2-eq /Mwh and 2,6 Kg-CO 2-eq /Mwh underline the strong impacts of energy facilities on ecosystem services, and the importance of decommissioning stages. However, few studies assess these two aspects. Thus making these values difficult to compare.

Photograph : The first phase of the Coca Codo Sinclair Hydroelectric Power Plant (CELEC, 2016).

Hydropower H 2 production

Despite their lower environmental impact, renewable energies remain characterised by their variability and their unpredictability. In the context of climate change, H 2 could be used as a storage medium to counter this issue. If included in the Quito energy mix, it could increase the sovereignty, electrify rural and isolated areas, alleviate poverty and mitigate transport's GHGs [START_REF] Posso | Preliminary estimation of electrolytic hydrogen production potential from renewable energies in Ecuador[END_REF]. H 2 can be produced both from hydropower and solar photovoltaic energy. [START_REF] Moya | Waste-To-Energy Technologies: an opportunity of energy recovery from Municipal Solid Waste, using Quito -Ecuador as case study[END_REF].

Similarly, the high quality demands of the banana market results in a considerable amount of banana discard. Owing to their high sugar contents, discarded bananas could be processed to ethanol (Greafe et al. 2011). 

Complementary solutions

Summary table

Owing to their important impacts on both population and biodiversity, non-renewable energies should be stopped (Table 3). Particularly the nuclear development which is vulnerable to earthquakes and requires external support from other nations (Figure 3). Quito should also decrease the use of fossil energy in order to improve population's health, achieve its clean cooking program and meet the C40 Network objectives of 0 emission by 2050.

Efforts should be concentrated on the maintenance of existing hydropower facilities. About 80% of the Quito's population receive drinking water from protected areas [START_REF] Lopoukhine | Protected areas: providing natural solutions to 21 st century challenges[END_REF]). Hence, Quito should actively improve existing and create new biodiversity stewardship strategies and mitigate the impact of all energy solutions.

Meanwhile, Quito should develop solar energy to balance its energy mix (Figure 4). Currently, hydropower represents a too important part of the mix (Figure 1), thus increasing disaster risk (e.g. eruption). Moreover, melting ice will modify flow regimes on which hydropower and drinking water ecosystem service rely on. Therefore, Quito should explore the co-benefits of hydropower and solar energy, such as the H 2 production.

Photograph : The Climate Strike on September 28, 2019 in Quito Ecuador [START_REF] Kai | The Climate Strike on September 28, 2019 in Quito Ecuador[END_REF].

Recommendations

Finally, a better management of municipal and agricultural solid waste (e.g. Only the most appropriate energy solutions have been explored in this report. Other solutions, such as wind power, should be assessed and studied in the context of Quito. Despite wind patterns are less promising than solar potential, wind power can still represent an opportunity to diversify the energy mix further.

Photograph : Quito street's [START_REF] Zolluzel | Quito's streets[END_REF].
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 123 Figure 1: Ecuador's electricity mix (modified from Ramirez et al. 2015).

  Photograph : Cotopaxi volcano eruption and Panecillo's Madona (Ecuadorpostales, 2016).

  average 4575 Wh/m 2 /day solar insulation potential[START_REF] Ponce-Jara | Electricity sector in Ecuador: An overview of the 2007-2017 decade[END_REF]. In Quito, solar panels deployed on buildings' roof can help to mitigate poverty. 54-58% can be saved on energy bills (depending on buildings orientation)[START_REF] Solano | HVAC systems using PV technology: Economic feasibility analysis in commercial buildings of Ecuador[END_REF]). Moreover, the ecological impact of solar energy is often assumed to be negligible(Gasparados et al. 2017).Map 2: Ecuador Photovoltaic power potential (Globalsolaratlas.info, 2020). Ecuador signed a partnership with the Russian company Rosatom, to develop the required regulatory background for nuclear power developments(Nuclearforum Schweiz, 2009).Nevertheless, Ecuador faces eruption, earthquake and tsunami risks[START_REF] Beauval | A New Seismic Hazard Model for Ecuador[END_REF][START_REF] Pararas-Carayannis | Potential of tsunami generation along the colombia/ ecuador subduction margin and the dolores-guayaquil mega-thrust[END_REF] UNESCO, 2020). Only the 3 provinces Orellana, Pastaza and Morona Santiago (Map 1, Map 3) have a lower earthquake risk. Implementing a nuclear plant would require clearing parts of the tropical rainforest[START_REF] Beck | Data Descriptor: Present and future Köppen-Geiger climate classification maps at 1-km resolution[END_REF]. Moreover, the tropical climate is inappropriate for nuclear plants, as it would require large amounts of water to cool reactors (The Guardian, 2019b). Japan, despite its long nuclear experience, had to stop nuclear plants, owing to earthquakes, in2004, 2005, 2007 (6.8 M w ) and 2011 (9.0 M w ) (World Nuclear Association, 2018).Map 3: Earthquake affected areas inEcuador (mapsofworld.com, 2016).Ecuador posses an exploitable hydropower potential of 21500 MW (3653 MW are currently produced). When decommissioning stage and impacts on ecosystem services are taken into account, Ecuadorian dams and run-of-river technologies achieve a net environmental performance of respectively -0,98 $/ kWh and -0,08 $/kWh[START_REF] Briones-Hidrovo | Accounting for GHG net reservoir emissions of hydropower in Ecuador[END_REF][START_REF] Briones-Hidrovo | Determining the net environmental performance of hydropower: A new methodological approach by combining life cycle and ecosystem services assessment[END_REF]. While run-of-river hydropower has a lower impact on the environment, dams can store energy (water)[START_REF] Gasparatos | Renewable energy and biodiversity: Implications for transitioning to a Green Economy[END_REF]. Indeed, climate change scenarios expect Ecuadorian glaciers to shrink in the next decades.
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 4 Figure 4: Quito 2050: a new energy mix.

  

  

  

  

  

  

  

  

  Common and most likely impacts are depicted,

	including environmental, social and economic impacts. According to their
	magnitude and the responses' efficiency, impacts may modify both drivers and
	pressures and foster a 'vicious circle' system (grey arrows). Likewise,
	pressures, state and impacts can be mitigated or worsened by their own
	variables (represented by 'vicious/virtuous circle' red/blue circular arrows).

Table 1 :

 1 Differences between the selected LCA.

	process. Each LCA posses its own boundaries, thus making LCAs from different
	sources difficult to compare. This report details the LCA from 2 main sources,
	which are then completed by contextual parameters, developed in each
	energy's section.

LCA Varun et al. 2009 Briones-Hidrovo et al. 2017 Steps taken into account

  

	 Construction  Operation  Decommissioning	 Construction  Operation  Decommissioning 

Ecosytem services losses Scale Global Ecuador Photograph : Independent Square (unknown). Life Cycle Analysis (LCA) LCA Unit Source

  

	742,1 x 10 -6		Varun et al. 2009
	873	Kg Co 2-eq /MWh	Briones-Hidrovo et al. 2017

Table 2 :

 2 Potential and cost of H 2 production in Ecuador.(modified from[START_REF] Pelaez-Samaniego | Production and use of electrolytic hydrogen in Ecuador towards a low carbon economy[END_REF][START_REF] Posso | Preliminary estimation of electrolytic hydrogen production potential from renewable energies in Ecuador[END_REF] 

	Energy	Potential [Kg H2/year]	Cost [$/Kg]
	Solar PV	1,03 x 10 7	3,35-19,85
	Hydropower	1,22 x 10 7	7,03-7,10
	Banana and municipal waste energy	
	69,3% of Quito's municipal solid waste (MSW) is estimated to be
	biodegradable. Used as heat energy (thermochemical process) or biogas
	(biochemical process), it respectively has potentials of 5970 kWh/tMSV and 62
	kWh/tMSW		

Table 3 :

 3 Assessment of different energy solutions for Quito.

		Fired oil	Nuclear	Solar PV	Hydropower (dam)	Hydropower (run-of-river)
	LCA Kg Co2-eq/MWh (Varun et al. 2009)	742,1 x 10 -6	24,2 x 10 -6	53.4-250 x 10 -6	3,7-237 x 10 -6	3,7-237 x 10 -6
	LCA					
	Kg Co2-eq/MWh (Briones-Hidrovo	873	-	-	547	2,6
	et al. 2017 )					
	Storage capacity	Yes (oil)	Yes (uranium)	No	Yes (water)	No
	Renewable	No	No	Yes	Depending of the size	Yes
	Vulnerability to earthquakes, tsunamis, eruptions	High	High	Low	High	Low
	Potential disasters	Explosion	Explosion Leakage	-	Floods	-
	Lifespan (years)	20				
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