LOOKING TO THE ANDES: LONG-TERM SCENARIOS OF OIL SUPPLY AND DEMAND FOR PERU, COLOMBIA AND ECUADOR
Mauro Chávez-Rodríguez, Energy Planning Program COPPE/UFRJ, Phone +55 21 980784089, E-mail: mchavez@ppe.ufrj.br
R. Esperanza Gonzalez Mahecha, Energy Planning Program, COPPE, Email: esperanzagonzalezm@gmail.com 

Roberto Schaeffer, Energy Planning Program COPPE/UFRJ, Email: roberto@ppe.ufrj.br
Alexandre Szklo, Energy Planning Program COPPE/UFRJ,  E-mail:  szklo@ppe.ufrj.br
Andre Frossard Pereira de Lucena, Energy Planning Program COPPE/UFRJ, E-mail: andrelucena@ppe.ufrj.br
Santiago Arango Aramburo, National University of Colombia, E-mail: saarango@unal.edu.co
Juan Martinez Jaramillo, National University of Colombia, E-mail: jemartinezj@unal.edu.co
Pablo Carvajal, National Polytechnic School of Ecuador, E-mail: pablocarvajals@gmail.com
Alejandro Egüez, Lund University, alejandroeguezm@yahoo.com

Overview
The emerging economies of some Andean countries, such as Peru, Colombia and Ecuador, have grown in the last years, at GDP growth rates in the order of 4-7% : Peru 6,3%; Colombia 4,2%; Ecuador 5,1% between 2009 to 2013 (World Bank, 2013). This causes an increasing consumption of gasoline and diesel consumption due to the increase of the vehicle fleet, as well as an increasing consumption of diesel and fuel oil for thermal power generation.

At the same time, these countries are implementing substitutions policies for the oil products, aiming at energy security, diversification of the energy mix or mitigation actions related to climate change. This work aims to estimate the future demands of oil and the supply for these countries until 2050, according to many programs and policies that governments are implementing, as to estimate the economic impacts in the oil  products trade balance in these countries. We summarize the policies modeled and assessed for a “Policy Scenario”: 

Table 1. Government Programs of Peru, Colombia and Ecuador to be modeled in a Policy Scenario.

	
	PERU
	COLOMBIA
	ECUADOR

	Residential Sector
	-Natural Gas Massification in households (by 2015, 400 000 new connections, and by 2020,  1200 000 new connections) (MINEM, 2013b)
- “Cocina Peru”: Distribution of 1 million LPG cookers kits until 2016.
	
	- “Cocción Eficiente” Program: substitution of 2.6 million LPG cookers by electrical induction cookers by 2017.

	Industrial, Public and Services Sector
	- Operational improvements in 60% of industrial boilers by 2018.
	- PROURE measures (an estimated reduction of 11% and 10% in the energy intensity for the industrial and services sector).
	

	Transport Sector
	- Natural Gas Massification in Transport (250 NGV stations by 2015, and 400 NGV stations by 2020).
- 5 new Metro Lines in Lima.

- Arequipa Monorail. 
	- PROURE- Improvement of the transport fleet as well as the establishment of better driving techniques(an estimated reduction of 1.29% in the energy intensity for all transport technologies) .
- Increase of biofuels blends: E-20, and B-20 by 2020.
	- Quito Metro.

	Power Generation
	-Lighting Program ( 1.5 million and 0.5 million LCFs in households and public buildings by 2016; 100 000 LEDs in public lighting).

- NUMES Plan for Power Generation (Aims an energy mix for Power Generation in 2040 : 40% NG; 40% Hydro; 20% Renewable Energy)

 
	- Replacement of 32 million incandescent lamps by LFC .
- Substitution of 2 million old refrigerators by efficient refrigerators.
	- Hydro Power Generation Expansion (more than 90% of electricity produced by hydro power plants in 2017).


Methods

For modeling the future supply of oil, the study updated the Multi-Hubbert modeling of Chavez-Rodriguez et al (2013) and Gonzalez et al (2013) for the cases of Peru and Colombia respectively, these works used 2P reserves as the Ultimate Recoverable Resources (URR) for the conservative scenario, and higher URR for optimistic scenarios. In addition, for Ecuador a new Multi-Hubbert was made based on global historical production taken from (OLADE, 2014), reserves data was taken from. (MRNNR, 2014). 

We used the software LEAP (Long range Energy Alternatives Planning System) to model the energy demand. For oil products demand in the transportation sector, this study adopted an ASIF-based equation approach (Schipper et al., 2000). For the residential sector, we adopted also a “bottom-up” approach based on households and on an energy intensity basis for energy services. For power generation, the demand of fuels was estimated based on the official expansion plans considering the energy generated by thermal units and their heat rates. Finally, for the case of the industrial demand, public and service sectors, the study adopted a “top-down” approach, based on the historical evolution of the oil products demand and the influence of variables like population, GDP, etc. 
Results

Figure 1 shows the results of the supply-demand curves for Baseline scenario and the Policy Scenario. There are scenarios for Colombia and Ecuador where these countries became net oil importers. For Peru the gap between oil products demand and the oil supply increases in the period assessed. The Policy Scenario brings significant reductions of oil products consumption. Remarkably are the reductions achieved by the Metro Lines program in Peru, the increasing of biofuels blends in Colombia and the Hydro Power expansion plan in Ecuador.
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Figure 1. Supply-Demand Curve for the Baseline and Policy Scenario for Peru, Colombia and Ecuador.

Conclusions

Our baseline projections shows that the demand of oil products in 2030 will be nearly twofold the demand of 2012. The diesel and gasoline are the main fuels required driven by the transport sector demand. In Ecuador, in the baseline scenario there is a significant growth of fuel oil consumption for power generation if the major hydro power plants are not constructed.   

If the governmental programs are implemented, there will be accumulated savings of 121 Mboe, 142 Mboe, and 214 Mboe of oil products for Peru, Colombia and Ecuador, respectively. Remarkably are the reductions achieved by the Metro Lines program in Peru, the increasing of biofuels blends in Colombia and the Hydro Power expansion plan in Ecuador.
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