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RESUMEN 
 

A principios de la década del 90 se presentaban diferentes posibilidades para expandir y diversificar 
la matriz energética en Uruguay. Algunas decisiones, como la introducción de gas natural, estaban 
tomadas pero se debía decidir cómo llevar a cabo la expansión del sistema de generación eléctrica 
(entre otras decisiones), y para ello se podía adoptar diferentes estrategias: el grado de penetración 
del gas natural proveniente de Argentina; un eventual incremento en el grado de apertura del sector 
eléctrico respecto al de dicho país; el posible incremento de la capacidad de transporte de energía 
eléctrica con Brasil, una mayor integración en el marco del Mercosur. 
 
Algunas de esas estrategias eran complementarias, pero otras eran excluyentes, entre otras razones, 
porque la disponibilidad de financiamiento era acotada o porque un proyecto podría inviabilizar otro 
proyecto diferente. Si bien todas las estrategias parecían “atractivas” para un país pequeño, como el 
nuestro, con fuertes lazos con los dos países vecinos, parecía conveniente establecer al menos un 
orden de prioridades. A los efectos de apoyar esa decisión, se decidió llevara cabo un estudio para 
evaluar diferentes escenarios de opciones alternativas de oferta energética.  
 
El objetivo de este artículo es presentar los resultados de ese trabajo que pretendió evaluar los 
eventuales cambios estructurales que se producirían del lado de la oferta. En particular se trató de 
analizar los procesos de sustitución que se darían, a nivel de la demanda, entre distintas fuentes 
alternativas, y cómo se lograría el balance entre las proyecciones de oferta y demanda. 
 
Para cada escenario de oferta de energía (e infrestructura asociada) se obtuvieron las cantidades a 
producir, o importar, se obtuvieron los flujos anuales de las diferentes fuentes de energía que 
satisfacían una demanda dada (de energía útil), al mínimo costo posible. Posteriormente, se 
compararon los diferentes escenarios, aplicando el criterio del Valor Actual Neto utilizado 
tradicionalmente en el campo de la Evaluación de Proyectos de Inversión. 
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1 - Introduction 
 

1.1 - Overview, Goals and Major Issues 
 
 Historically, Uruguay has depended almost exclusively on imported crude oil and refined oil products to 
meet its fossil fuel demands.  However, over the next few years the Uruguayan energy supply system is expected to 
undergo significant changes.  A diverse set of internal and external developments has created momentum for change 
and potential diversification of the country’s fuel supply.  Some of the most notable developments include the recent 
upgrade (1993-1994) and modification of the domestic refinery, the future conversion of thermal generating units, a 
proposed natural gas pipeline from Argentina to Uruguay, and a planned electric transmission line between Brazil 
and Uruguay.  In addition, the MERCOSUR agreement between Argentina, Brazil, Paraguay and Uruguay is likely 
to increase energy exchanges in the region.  Finally, the Government of Uruguay (GOU) has committed itself to 
institutional reform to stimulate private participation in the energy sector. 
 
 The general objective of this study was to conduct a detailed analysis of Uruguay’s energy supply and 
demand system for several fuel diversification strategies.  Special attention is paid to projected substitution trends 
due to potential imports of natural gas via a pipeline from Argentina and increasing electricity ties with neighboring 
countries.  Argonne National Laboratory (ANL) has been contracted to study several different fuel supply options 
under six pre-defined scenarios.  Throughout the study, ANL has been supported by several Uruguayan institutions. 
 
 The specific objectives for this study were: 
• Analyze Uruguay’s past energy demand patterns and develop future demand projections for final and useful 

energy demand by sector and fuel and/or type of useful energy; 
• Conduct an integrated supply and demand analysis taking into consideration a variety of energy supply options; 
• Evaluate the effects on the energy system of potential natural gas imports via a pipeline from Argentina as well 

as electricity exchanges with neighboring countries; and 
 
 An additional key objective of this activity is to contribute to capacity building in the energy planning area.  
This is achieved through (1) heavy involvement of the local energy experts in the analytical process, (2) transfer of 
the latest version of the ENergy and Power Evaluation Program (ENPEP) to Uruguay, (3) close collaboration 
between ANL and local staff during key steps of the analysis, and (4) exchange of all ENPEP cases run as part of 
this study.  The intention is to promote the continued use of ENPEP by Uruguayan energy experts as one of their 
main energy planning tools.  The current cases can regularly be updated with little effort and easily modified to suit 
future analytical needs. 
 

1.2 - Participation of Institutional Organizations 
 
 One of the key elements of the Energy Supply Options Study is capacity building in national energy 
planning. This is achieved through a project design that allows maximum integration of local energy experts into all 
stages of the analysis.  The ultimate goal is to have local authorities maintain and update the current ENPEP case 
studies for use in future national energy planning activities. 
 
 Argonne regularly conducts eight-week training courses in the use of ENPEP.  These courses, sponsored by 
the U.S. Department of Energy and the International Atomic Energy Agency (IAEA), are for system planners from 
developing countries.  In 1992, three Uruguayan energy planners attended such a course and received training in 
ENPEP.  Subsequently, under an agreement with the IAEA, ENPEP was released for non-commercial use in 
Uruguay. 
 
 For the purpose of this analysis, the Government of Uruguay (GOU) contracted Argonne to carry out an 
energy options study.  Argonne’s responsibilities included (1) compilation of all necessary information, (2) model 
implementation, (3) conduct of the ENPEP-BALANCE case studies, (4) interpretation of model results, and (5) 
preparation of a final report.  In all stages of the project, Argonne worked closely together with Uruguayan energy 
planners to ensure validity of all assumptions and interpretations. 
 
 In support of this analysis, GOU created a team of local energy specialists (Local Research Team or LRT) 
representing the major players in Uruguay’s energy planning process.  The team consisted of experts from OPP, 
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MIEM through the National Energy Office (DNE), UTE and ANCAP.  The responsibilities of the team included (1) 
data collection and preparation, (2) generating the underlying macroeconomic growth projections, (3) developing the 
relationships between macroeconomic growth and energy demand and providing the required data, (4) review and 
verification of model implementation, and (5) review of model results, result interpretation, and final report. 
 
 During the model development phase, Argonne provided various versions of ENPEP cases to the local team 
via electronic transfer (file transfer protocol or ftp).  This helped the Uruguayan experts to much better understand 
the ENPEP model in general and certain model implementation issues in particular.  It also served as an additional 
safeguard, in that, the team was able to review and verify ANL’s modeling assumptions and results.  Also, this 
approach has been instrumental for the capacity building aspects of this project by establishing a core group of 
Uruguayan energy planners with an excellent understanding of the BALANCE module of ENPEP. 
 
 The Government of Uruguay (GOU) was in the planning stages of a new project in power transmission and 
distribution.  As GOU intended to finance the project with assistance from The World Bank, GOU and The World 
Bank agreed that Uruguay’s energy supply options be studied first in form of the current analysis.  The World 
Bank’s responsibilities with regards to this study included (1) review and approval of Terms of References and (2) 
review of model results and final report. 
 

1.3 - The ENergy and Power Evaluation Program (ENPEP2) 
 
 Experts from Argonne used the ENPEP model to conduct the analysis.  As shown in Figure 1, the PC-based 
ENPEP model consists of nine technical modules, each with automated linkages to other ENPEP modules as well as 
stand-alone capabilities. 
 
 The MACRO module can be used in developing macroeconomic growth scenarios for sectoral GDP and 
population.  MACRO is not an economic planning tool but rather an instrument to format the results from 
macroeconomic studies into a structure that can be passed on to the other ENPEP modules. 
  
 The DEMAND 
module translates the 
macroeconomic growth rates 
developed in MACRO into 
projections of future energy 
demand levels.  These 
projections can be generated 
either for final energy 
demand (natural gas, fuel oil, 
gasoline, etc.) or useful 
energy demand (space 
heating, water heating, 
motive power, industrial 
steam, etc.).  The choice of 
projecting final energy versus 
useful energy demand, 
however,  is significantly 
influenced by the availability 
of data on energy demand 
patterns and technology 
characteristics.  Should the 
user find it difficult to obtain 
this type of information, a 
more simplistic approach can 
be taken based on final energy demand. 
 

                                                           
2 For more details on ENPEP see Bibliography. 
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Figure 1:  Structure of ENPEP Model 
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 With the BALANCE module, the analysts evaluate the energy system configuration that will balance 
energy supply and demand.  BALANCE uses an iterative, non-linear, equilibrium approach to determine the energy 
supply and demand balance.  In this process, an energy network is designed to trace the flow of energy from primary 
resources to useful energy demands in the end-use sectors. Figure 2 displays a very generalized sectoral energy 
network for Uruguay.  Appendix A gives the detailed energy network that shows how Uruguay’s energy system is 
represented in BALANCE and that was used to run the scenarios. 
 
 The model employs a market share algorithm to estimate the penetration of supply alternatives.  The market 
share of a specific commodity is sensitive to the commodity’s price relative to the price of alternative commodities.  
User-defined constraints which reflect capacity limits, government policies (taxes, subsidies, priority for domestic 
resource over imported resource, etc.), consumer preferences, and the ability of markets to respond to price signals 
over time (i.e., due to lag times in capital stock turnover) also affect the market share of a commodity. 
 
 Using a market share algorithm distinguishes the equilibrium approach from other modeling techniques.  
The BALANCE approach simulates more accurately the more complex market behavior of multiple decision-
makers that optimization techniques may not be able to capture as they assume a single decision maker.  Every 
sector (electric sector, industry, residential, etc.) pursues different objectives and may obviously have very different 
views of what is “optimum.”  The equilibrium solution develops an energy system configuration that balances the 
conflicting demands, objectives, and market forces without optimizing across all sectors of the economy. 
 
 The MAED module is the Model for Analysis of Energy Demand and determines the electricity demand as 
part of the overall energy demand.  MAED provides an alternative, more simplistic, approach to BALANCE. 
 
 The ELECTRIC module is the PC-version of the Wien Automatic System Planning Package (WASP).  The 
module determines an electric system expansion plan that meets the growing demand for electricity at minimum cost 
while respecting user-specified constraints, such as desired system reliability.  Once finalized, the expansion plan 
can be integrated into the entire energy system analysis by transferring it to the BALANCE module. 
 
 The IMPACTS module is used to compute the environmental residuals associated with a given energy 
system configuration.  In addition to greenhouse gases and standard criteria air pollutants such as particulates, SOX, 
NOX, CO, CO2, Methane, volatile organic compounds, lead, etc., these residuals may include waste generation, 
water pollution, and land use.  IMPACTS can be run for any ELECTRIC or BALANCE case. 
 
 The ICARUS module (Investigating Costs and Reliability in Utility Systems) is a simulation model that 
analyzes detailed unit level operation of electric generating systems.  It calculates production costs for up to 600 
unique plants and system wide reliability for time periods of one week to one year. 
 
 The PLANTDATA module serves as a database for ENPEP modules that require the same or similar 
information on thermal or hydroelectric generating units.  It ensures data consistency among modules such as 
BALANCE, ELECTRIC, AND ICARUS.  Moreover, the burden on the user is greatly reduced by eliminating 
redundant data entry.  
 
 The LDC module characterizes the electrical load over time using load duration curves.  LDC is not a load 
forecasting model.  It simply helps the user to prepare and format load data such that it can be easily used in 
generation planning models like ICARUS and ELECTRIC.  Where load characteristics change over time and data 
requirements are massive, LDC offers the user convenient ways to represent these situations.  Automatic checks for 
data consistency are performed by LDC. 
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2 - Analytical Framework 
 
 The primary computer model employed in the analysis was the ENergy and Power Evaluation Program 
(ENPEP) developed by Argonne National Laboratory (ANL).  ENPEP is a set of nine integrated technical analysis 
modules and is described in more detail in Section. The BALANCE module of ENPEP is used to represent the entire 
energy supply and demand system of Uruguay.  BALANCE is a nonlinear, equilibrium model.  It is designed to find 
a market-based equilibrium solution within user-defined constraints that will satisfy final and/or useful energy 
demand requirements.  The basic output of BALANCE is price/cost ($/BOE) and quantity (kBOE) at each point in 
the energy network. 
 
In general, the first and in many cases the most difficult and time-consuming step in implementing BALANCE is to 
develop a so-called energy network which traces all flows of energy across all supply and demand sectors over time.  
In this particular case, Argonne staff in close collaboration with Uruguayan experts created a very detailed system 
representation for Uruguay that is designed to accommodate all scenarios of interest. 
 
 The planning period was 1993 until 2013.  The energy system is organized by sector to keep the network 
comprehensible and manageable. Figure 2 (see following page) shows the sectors that are included.  Each sector is 
modeled at a level of detail that corresponds to the analytical requirements and the main issues to be addressed.  The 
detailed sector networks are given in Appendix A. 
 

Sectors with the potential for fuel switching to natural gas are implemented in more detail.  The residential 
sector, for example, is broken down into different end-uses (water heating, space heating, cooking, and other).  
Several of the industry groups are disaggregated into two groups according to their ability in the future to connect to 
the expanding natural gas network.  The ability to connect to the pipeline has a profound impact on the fuel choices 
each industry can make in the future. 
 
The power sector is treated somewhat differently in that fixed expansion plans for each scenario are transferred into 
BALANCE in form of annual power generation by fuel type, projected fuel mix, and average cost of electricity 
generation.  These data are generated for each scenario by the Uruguayan team of experts using a capacity expansion 
and dispatch optimization model.  In case of significant discrepancy between the assumed electricity growth rate in 
the electric system model and the electricity growth rate projected by BALANCE, an iteration is carried out to 
assure convergence and consistency between the two models.  
 

The current scope of analysis does not explicitly model Uruguay’s energy exchanges with neighboring 
countries.  Rather, these exchanges are determined somewhat simplistically by the least cost electric system model 
based on assumed marginal production costs in neighboring power systems.  It is strongly recommended to follow 
up on this study with an integrated regional analysis that calculates marginal costs in each of the countries involved 
(e.g., Argentina, Brazil, and Uruguay; plus possibly Chile and Paraguay) and then determines the energy flows 
across borders based on the computed marginal costs and other physical and institutional factors.  This obviously 
will involve a much more detailed analysis of each of the electric generating systems of the countries in question.  
Computer tools that can be employed for this type of analysis include the ICARUS and WASP modules of ENPEP 
as well as ANL-developed tools such as the Spot Market Model and the Hydro Dispatch Model.  Another model that 
could be used for this type of analysis is VALORAGUA which can handle up to 6 separate power systems. 
 

Energy plays a vital role in virtually every economic activity in Uruguay.  However, economically feasible 
fossil resources have not yet been discovered in the country and Uruguay relies almost exclusively on the import of 
crude oil and refined oil products to meet its domestic demands for fossil energy.  The methodology and modeling 
tools developed for this study are formulated to investigate the energy and economic implications of energy 
diversification alternatives from a broad national perspective.  The approach described in this section is selected 
because it simulates not only changes in energy use patterns within a specific industry and economic sector but also 
the complex interactions between economic sectors. 
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Figure 2:  Sectoral Energy System 
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 ENPEP and the UTE utility capacity expansion model along with routines that project future energy 
demands are used to estimate energy production and energy import levels for consumption in Uruguay’s domestic 
markets under various potential energy diversification alternatives.  Models and model interactions are configured 
such that the sectors of Uruguay’s economy most affected by an alternative energy scenario are represented in more 
detail than those sectors that are expected to have little or no impact.  Therefore, the design of the modeling 
framework and structure are tailored to simulate the most important aspects of the scenarios chosen.  However, data 
and model limitations also influence the selection of the scenarios and the modeling structure.  Therefore, scenarios, 
the modeling structure, and data source research were developed in parallel. 
 
 With little or no modifications, the modeling structure developed for this study may be used to analyze a 
wide range of energy issues and policies.  It is also designed such that air pollution (e.g., SOX, NOX, CO2) along 
with other environmental residuals can be projected in future environmental analyses using the IMPACTS Module 
of ENPEP3.  
 
 This study and the methods that were employed were not intended to be an exhaustive treatment of the 
subject, but are instead designed to provide rough estimates of the potential costs and benefits of various energy 
supply and policy options on the country as a whole.  It is intended to provide decision makers with general 
projections of the effects of future energy sector development strategies on Uruguay.  More detailed analyses of 
specific critical areas may be required to fine tune the investigation of alternatives which, from a national viewpoint, 
are found to be the most optimal course of action. 

                                                           
3 See article “Modelo de simulación aplicado al estudio del impacto ambiental  en la producción y utilización de 

energia”; XXIV Jornadas de Economía Anuales de Economía – BCU - 5 y 6 DE Octubre de 2009, MONTEVIDEO. 
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3 - Design Options for Energy System Development Scenarios 
 
 The design and final selection of energy development alternatives analyzed in this study was performed by 
staff from various institutions within Uruguay with OPP taking the lead role.  Each alternative is composed of six 
main design components and each of the components has two or more discrete options as defined by local energy 
analysts.  The components and associated design options considered are provided in Table1 (columns 1 and 2). 
 

Table 1:  Scenario Design Components 

Design Component  Design Options Considered Design Options Selected to Construct 
Scenarios 

Macro Low Economic Growth -- 

Economic Medium Economic Growth Medium Economic Growth 

Forecast High Economic Growth -- 

Demand  Moderate Growth Moderate Growth 

Forecast  Higher Growth -- 

Electric Low Hydropower Energy Production 
during the first few Years of the Study 

Low Hydropower Energy Production 
during the first few Years of the Study 

Hydropower Low Hydropower Energy Production 
during the last few Years of the Study 

-- 

Condition Average Hydropower Energy 
Production over all Forecast Years 

Average Hydropower Energy Production 
over all Forecast Years 

 No Natural Gas Pipeline No Natural Gas Pipeline 

Natural Gas Natural Gas Pipeline to Montevideo 
with Natural Gas Storage in a Cave 

-- 

Import and  Natural Gas Pipeline to Montevideo 
without Natural Gas Storage in a Cave 

Natural Gas Pipeline to Montevideo 
without Natural Gas Storage in a Cave 

Storage Natural Gas Pipeline that will terminate 
near the Argentina/Uruguay Border 

-- 

Electricity No Connection (Current Condition) No Connection (Current Condition) 

Interconnection 
with Brazil 

Interconnection with Brazil with Only 
Nonfirm Energy Exchanges 

Interconnection with Brazil with Only 
Nonfirm Energy Exchanges 

Electricity Energy and Emergency Purchases Only Emergency Purchases Only 

Resource Agreement 
with Argentina 

Common Electric System Least-Cost 
Optimization 

Common Electric System Least-Cost 
Optimization 

 
 Given the six major components and design options listed in Table 1, there are literally hundreds of 
thousands of potential different alternatives that could be analyzed.  Since there is limited amount of time and 
resources in which to formulate a decision, it is impractical to perform an exhaustive analysis of all possible 
combinations.  Instead, officials in Uruguay have selected a few options from Table 1 (column 3) to construct a 
reasonable number of development scenarios.  These alternatives will provide them with a general appreciation of 
the impacts of major energy development strategies (e.g., electricity connection with Argentina and/or Brazil).  
Based on insights gained from examining a limited set of potential alternatives, additional combinations may be 
investigated in the future in order to pinpoint energy development strategies which are the most beneficial to the 
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country.  In all, six alternative energy development strategies have been selected for analysis under the current 
study.  The base year for all scenarios is 1993, the planning period is 21 years. 
 
Scenario 1:  Reference 1995 Case  

 
 The Reference 1995 Case, or Base Case, represents a continuation of the energy strategies and policies that 
are currently undertaken in Uruguay under the assumption that  the economy will continue to grow at a moderate 
rate with an annual GDP increase of 1.9% percent.  The case was designed based on information available in early 
1995 (hence the naming convention) and may not necessarily reflect most recent information, such as latest GDP 
estimates for 1995, change in refinery output in early 1996 due to an explosion, GOU decision to open the bidding 
process for the gas pipeline, etc. 
 
 Energy demand will grow at a moderate rate in relationship to GDP.  Hydropower plant electricity 
production is assumed to be near historical averages in each year throughout the study period.  Energy imports and 
exports with other countries will not significantly change.  A natural gas pipeline from Argentina will not be 
constructed and electric interties with Brazil will not be developed.  Energy exchanges between Uruguay and 
Argentina will continue.  However, as the domestic demand for electricity grows, it is anticipated that electricity 
exports will decrease over time. 
 
 Under this alternative there will be a continued reliance on the import of crude oil and refined oil products.  
However, it is projected that the electric utility sector will build coal-fired power plants in the future, thereby 
dramatically increasing coal imports. 
 
Scenario 2:  No Electricity Integration with Natural Gas Pipeline 
 
 The second alternative is identical to the Reference Case with the addition of a natural gas pipeline from 
Argentina to Montevideo.  Under this scenario, natural gas will be used as an energy source that will, to a limited 
degree, displace the consumption of some refined oil products and domestic renewable energy sources.  It is 
assumed that natural gas will be provided on a non-interruptible basis year-round to all sectors. Figure 3 shows the 
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Figure 3:  Proposed Natural Gas Pipeline Routing 
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routing of the proposed natural gas pipeline. 
 
Scenario 3:  Argentina Integration with Natural Gas Pipeline 
 
 Although UTE’s resources are being judiciously utilized on a local scale, from an international perspective, 
UTE resources could yield a greater value.  Hydropower plants in Uruguay normally produce electricity in excess of 
current domestic demands except in dry periods.  In an integrated framework in which this excess power is fully 
optimized with Argentina, hydropower capacity and energy could be used to reduce both short-run and long-run 
marginal costs for the larger integrated system.  This alternative explores the benefits that Uruguay may gain 
through joint optimal planning.  All other scenario components under this scenario are identical to the previous one, 
including the natural gas pipeline to Montevideo. 
 
Scenario 4:  Argentina and Brazil Integration without Natural Gas Pipeline 
 
 This alternative explores the benefits of an even larger multi-national system in which UTE not only fully 
optimizes with the Argentina system but also develops a strong electrical interconnection with Brazil.  However, as 
in the Reference Case, natural gas will not be available from Argentina. 
  
Scenario 5:  Argentina and Brazil Integration with Natural Gas Pipeline 
 
 Both an integrated electric system with Argentina and a natural gas pipeline to Montevideo will be assumed 
under this scenario.  There will also be a strong electrical interconnection with Brazil. 
 
Scenario 6:  Reference Case with Dry Hydrological Period in 1997 - 2001 
 
 This alternative is identical to the Reference Case 1995 except for the period of 1997 to 2001.  For this 
interval, Uruguayan analysts took from historical hydrological records the worst 5-year period and input these data 
into their expansion model.  The scenario shows the effects on electricity and fuel supply system as well as 
repercussions in the demand sectors.
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4 - Population and GDP Forecasts 
 
 The local experts have developed a population projection based on information in CELADE (1989).  It is 
projected that total population will continue to grow at a fairly low average growth rate of approximately 0.53%.  
Rural population will decrease in absolute terms reflecting the trend to urbanization. 
 
 Two GDP projections have been designed by Uruguayan energy planners (Figure 4).  The first projection 
(also called “historical growth” or “medium growth”) is based on extrapolating the historical GDP growth trend in 
the period 1974 - 1994.  This 21-year period includes economic expansions as well as recessions and results in a 
relatively moderate average growth rate of 1.9%.  The second projection, the so-called “low-optimistic scenario” is 
based on a 10-year period (1985-1994) that has seen a higher average economic growth in the country. The 

projected growth rate of 2.9% for the second scenario is based on the 10-year exponential trend minus 2 forecast 
standard deviations. 
 
 For 1993 and 1994, historical GDP information is used.  For 1995, an estimated 0.5% average growth rate 
is assumed.  For the projection period, only the medium growth scenario is used with an average growth rate of 
1.9% for the period of 1996 to 2013. 
 
 The GDP growth information is broken down by sector:  industry, commercial, and agriculture/fishing.  In 
addition, the industrial sector is further divided into subgroups, such as cement, ceramics, chemical, food, paper, 
textile, and others.  The projected changes in GDP structure are developed as follows: 
• Estimating the 1990 GDP structure based on research documented in Convenio UTE - Unidad (CUU, 1993)4, 
• Determining the sectoral GDP values for 1993 and 1994 using activity indices published by the Central Bank of 

Uruguay in combination with the 1990 GDP structure, 
• Estimating the sectoral GDP values for 2013 using the long-run structural GDP projection done by CUU in 

conjunction with the projected average long-run GDP growth rate, and 
• Computing the sectoral cumulative medium growth between 1994 and 2013. 
 
 During the projection period, industrial GDP is assumed to grow at a below-average rate while the 
commercial and agriculture/fishing sectors are predicted to grow at an above-average rate.  Within the industrial 
sector, all but the cement and ceramics industries are forecast to grow below the industrial average.  In the medium 
growth scenario, GDP of the chemical industry is assumed to decline slowly. 

                                                           
4  The “Convenio UTE-Universidad (1993)” was a program for long-run projection of electricity demand.  The 

methodology was based on input-output tables for the years 1990 and 2010 
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Figure 4:  Historic GDP and GDP Trends and Projections 
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5 - Energy Demand Forecast 
 
 This section is a summary of an informal report5 compiled by local energy experts in support of this study.  
 

5.1 - Data Sources 
 
 The main references for data on energy consumption in the residential, industrial, and commercial sectors are 
the energy balances prepared by DNE (DNE 1993).  DNE’s balances provide time series for final energy consumption 
for 1981-1993 by source and sector.  As is the case in many countries, time series are not available on useful energy 
demand in Uruguay.  In fact, there are only three detailed cross-section studies, one for each of the three critical sectors: 
 
• “Balance en Términos de Energía Útil - Sector Residencial” (DNE 1988) for the residential sector using 1988 

data, prepared by staff from DNE; 
• “Consumo de Electricidad en el Sector Comercio/Servicios” (UTE 1991) for the commercial sector with 1991 

data, completed by a University team for UTE; 
• “Consumo de Energía - Sector Industrial” (MIEM 1992) for the industrial sector using 1992 data, prepared for 

MIEM.  
 
 The commercial sector study does not present useful energy data, but all of the studies analyze energy 
consumption by energy source and end use.  Due to lack of data, it is not possible to derive income or price elasticities 
from econometric studies based on useful energy time series by end use.  This will have little impact on the quality of 
the results as the commercial final energy consumption is very low (about 6% of total consumption in 1993) . 
 
 For the residential sector, detailed useful energy demand data were collected for a sample of households.  In 
addition, an income index was calculated for each household in the sample, using the declared income and other proxy 
variables such as occupation, home ownership, car ownership, etc.  This information allows to conduct cross-section 
studies relating useful energy demand to income. 
 

5.2 - Approach by Sector 
 
 The energy demand forecasts were generated by an Uruguayan team of energy experts.  The team 
developed the relationships between socio-economic growth parameters and useful energy demand.  The experts 
also determined associated income elasticities and, if necessary, autonomous growth rates.  Appendix B provides 
more detail on how income elasticities and autonomous growth rates were estimated.  The forecasting approach 
varies somewhat by end use sector and is discussed below for each sector. 
 

5.2.1 - Residential sector 

 
 Residential demand growth rates for useful energy demand are estimated to be dependent on income (GDP 
per capita), the number of households, an income elasticity, and an autonomous growth rate.  The growth rates are 
calculated as follows: 

 
 
where: gDRESu,h growth rate of residential useful energy demand for end use u, household 

category h 
 gNHh growth rate of number of households in category h 
 gGDPpc growth rate of GDP per capita 

                                                           
5 Appendix B of “Useful Energy Demand Growth rates for Uruguay´s Residentyial, Industrial and Commercial 
Sectors – Energy Supply Options Study – 1997. 

( ) ( ) ( )u hDRES NH x GDPpc x uAUTh

u h

, g g g g -= + + +1 1 1 1
ε ,

  



XXIV JORNADAS ANUALES DE ECONOMÍA – 5 Y 6 DE OCTUBRE DE 2009, MONTEVIDEO. 

7 

 εu,h income (GDP per capita) elasticity of residential energy end use u, household 
category h 

 gAUTu autonomous demand growth rate for residential energy end use u 
 
 Using the residential energy demand data and information on household income from the National 
Statistical Institute (INE), income elasticities are calculated in a cross section regression over a sample of 
households for each type of end use for different geographical household categories (i.e., Montevideo, rest urban, 
rural).  Regressions on time series are run only on fossil fuels and electricity.  Though wood plays a major role in 
Uruguay’s residential sector, information is not available that would allow this type of analysis. 
 
 The elasticities found by the regression are adjusted proportionally such that the average income elasticity 
for electricity and oil products (given no substitution occurs) is approximately 0.8.  In addition, instead of using an 
income elasticity of 0 for cooking, it was decided to use a value of 0.3.  This reflects the fact that for people living at 
the poverty level, cooking can still be considered elastic to income. 
 
 The analysis also confirms the presence of an autonomous growth rate, especially for electric-powered end 
uses.  This trend can be explained by (1) an increasing availability of electric-powered appliances at lower prices, 
(2) the diffusion dynamics of newly introduced appliances such as refrigeration or air conditioning that are not yet at 
their saturation rates given present prices, (3) an urbanization trend that leads to higher energy intensity (e.g., 
pumping, elevators), and (4) subtle yet complex behavioral changes resulting in higher specific energy consumption. 
Table 2 shows the values used in this analysis. 
 

Table 2:  Income Elasticities and  
Autonomous Growth Rates for Residential Useful Energy Demand 

 Urban Areas Rural Areas 
Type of End Use Elasticity Autonomous 

Growth Rate (%) 
Elasticity Autonomous 

Growth Rate (%) 

Cooking 0.3 0 0.3 0 
Water Heating 1.02 0.5 0.3 0.28 
Space Heating 1.38 0.5 0.2 0.28 
Refrigeration 0.59 2.0 0.59 0.65 
Air Conditioning 1.55 1.5 1.55 1.95 
Lighting 0.92 0.5 0.92 1.18 
Pumping 0 1.0 0 1.95 
Appliances 0.56 1.0 0.56 1.95 
Elevators 0 2.0 na 

 
 

5.2.2 - Industrial sector 
 
 Useful energy demand growth rates in the industrial sector are a function of industrial GDP, sectoral GDP 
elasticity, and an autonomous growth rate.  The growth rates are computed according to the equation below. 

 
where: gDINDu,s demand growth rate of industrial energy end use u, sector s 
 gGDPs growth rate of industrial GDP, sector s 
 εu,s sectoral GDP-elasticity of industrial energy end use u, sector s 
 gAUTu,s autonomous demand growth rate for energy end use u, sector s 
 
 As there is very little direct competition between electricity and fossil fuels in Uruguay’s industry, the two 
categories are considered essentially non-substitutable and thus are treated separately in the analysis of income 
elasticities.  Sectoral GDP elasticities for fossil fuel-driven end uses were found by time series with an assumed 

( ) ( )u sDIND GDP x u sAUTS

u s

, g g g , -= + +1 1 1
ε ,
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autonomous growth rate of -0.5% to reflect a long-term trend towards higher energy efficiency.  The regression 
analysis for electricity-related end uses is inconclusive and shows a poor correlation.  Therefore, an elasticity of 1.0 
is assumed for electricity and the autonomous growth rates are taken from the demand study conducted for UTE .  
Table 3 gives the values applied in the analysis. 
 

Table 3:  GDP-Elasticity and  
Autonomous Growth Rate for Industrial Useful Energy Demand 

 Type of End Use Elasticity Autonomous 
Growth Rate (%) 

Fossil Fuel-Driven Steam Generation 1.0 -0.5 
 Direct Heat  -0.5 
 Internal Transport  0 

Electric Motors Food Processing 1.0 0.88 
 Paper  -0.78 
 Textile  1.33 
 Ceramics  -0.53 
 Chemical  0.84 
 Cement  -0.28 
 Glass  -0.5 
 Others  -0.08 

 
5.2.3 - Commercial sector 

 
 The commercial or service sector is modeled differently in that only final energy demands are projected.  
The reason is that the sector, though the largest in terms of total GDP (64% in 1993),  has historically played an very 
small role in terms of energy consumption.  Between 1981 and 1993, final energy consumption in the commercial 
sector has been around 4-6% of total domestic fuel consumption.  In addition, the sector is typified by very low 
connection rates to the gas distribution system making it an unlikely candidate for significant switches to natural 
gas.  The algorithm used to project commercial final energy demand assumes that demand grows with sectoral GDP 
as well as independently expressed in form of an autonomous growth rate.  The equation below gives the assumed 
relationship. 
where: gSERVu demand growth rate of commercial energy end use u 

 gGDPSERV growth rate of commercial GDP 
 εu sectoral GDP-elasticity of commercial energy end use u 
 gAUTu autonomous demand growth rate for energy end use u 
 

Table 4:  GDP Elasticity and  
Autonomous Growth Rate for Commercial Final Energy Demand 

Type of End Use Elasticity Autonomous 
Growth Rate (%) 

Cooking 0 0.7 
Space Heating 1.0  
Water Heating 0  
Lighting 2.0  
Refrigeration 1.0  
Air Conditioning 3.0  
Motors 1.0  
Washing Machines 0  
Other Appliances 3.0  

( ) ( )uSERV GDP x uAUTSERV

u g g g -= + +1 1 1
ε
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Regressions are run only on electricity consumption due to lack of data.  However, the results are not 
conclusive.  Therefore, values are assumed for both, elasticities and autonomous growth rates based on comparisons 
with studies for other countries in the region.  The same is done for non-electric data. Table 4 gives the values 
applied in this study. 

 
5.2.4 - Transportation sector 

 
 The transportation sector is broken down into 4 major categories:  public passenger travel, private 
passenger travel, freight transportation, and bunkers.  The demand forecast approach varies by category as discussed 
below.  
 
 A regression run on income versus private passenger kilometer traveled shows a short- run income 
elasticity of about 1.09.  This number is used for both private gasoline and diesel cars as well as motorcycles.  The 
relationship is as follows. 

 
where: gKMGAS growth rate of passenger kilometer traveled with gasoline cars 
 gGDP growth rate of total GDP 
 εpp GDP elasticity of 1.09 for private passenger travel 
 
 
 For urban public transportation demand, it is assumed that growth in travel is proportional to the growth in 
urban population as shown below. 
 

 
 
where: gUPBPUB  growth rate of urban public transportation 
 gPOPURBAN  growth rate of urban population 
 
 
 As no data are available on taxis, an income elasticity of 0.74 is estimated based on information available 
on urban bus service.  This number is applied to taxi demand in all urban areas (Montevideo and other cities) as 
follows. 
 

 
where: gTAXI growth rate of taxi travel demand in Montevideo and other cities in Uruguay 
 gGDP growth rate of total GDP 
 εtt GDP elasticity of 0.74 for taxi travel demand 
 
 
 The equation below gives the relationship found between inter-urban bus transportation, GDP per capita, 
and total population growth. 

( ) g gKMGAS GDP
pp

= + −1 1
ε

  

 g gURBPUB POP
URBAN

=   

( ) g g -TAXI GDP
tt

= +1 1
ε

  

( ) ( ) g g g -IUBUS GDP x POP
PC

iub

= + +1 1 1
ε
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where: gIUBUS growth rate of travel demand by inter-urban buses 
 gGDPpc growth rate of GDP per capita 
 εiub GDP elasticity of 1.09 for interurban bus travel demand 
 gPOP growth rate of total population 
 
 
 No data have been found on freight transportation.  For freight transport by trucks it is assumed that the 
relationship is the same as for private passenger travel (income elasticity of 1.09).  Freight transportation by railroad 
is assumed to be proportional to growth in GDP (elasticity equals 1.0).  Growth rates for bunker fuels are estimated 
using historical trends and in a few cases manually adjusted to account for the refinery shutdown in 1993. Table 5  
shows the assumed growth rates for bunker fuels. 
 

Table 5:  Growth Rates for Bunker Fuels 

 Growth Rate [%] 
Bunker Fuel 1994 1995 1996 - 2013 

Domestic Fuel Oil -36.66 310.5 0 
Foreign Fuel Oil -7.96 4.97 4.97 
Domestic Diesel -0.39 0.84 0.84 
Foreign Diesel 175.75 8.15 8.15 
Domestic Jet Fuel 13.37 5.41 5.41 
Foreign Jet Fuel -1.30 4.55 4.55 
Aviation Gasoline 25.00 -1.00 -1.00 

 

 

 
5.3 - Energy Demand Projections 

 
  
 Table 6 presents the projected growth in energy demand by sector (absolute growth and average growth 
rate).  The table aggregates demands over a variety of end uses, such as steam, heat, cooking, lighting, motive 
power, passenger and freight-km traveled, etc. 
 

 
 

5.4 - Limitations and Interpretation of Results 
 
 As is the case with almost any demand forecast, analysts have to make numerous assumptions accept a variety 
of limitations.  First and foremost, there are problems with data availability as well as concerns about the quality of 
whatever data is available.  This has mostly to do with data on wood consumption in the residential and commercial 
sectors.  Firewood consumption was estimated with an extensive survey back in the early 1980s and no updates have 
been done since.  This is a very serious problem given that wood provides 38% of the residential final energy 
consumption in the urban area, and about 80% in rural areas. 

Table 6:  Summary Results of Energy Demand Forecast
1
 

 Residential Commercial Industrial Agr. & Fish. Transport 

 kTOE %2 kTOE % kTOE % kTOE % 10^9 km % 

1993 254 2.5 130 2.5 463 1.3 160 4.2 7.09 1.9% 

2013 416  231  597  363  10.30  
 1  Useful energy for residential, industrial, and transport;  Final energy for commercial and agriculture/fishing 

 2  Average annual growth rate 



XXIV JORNADAS ANUALES DE ECONOMÍA – 5 Y 6 DE OCTUBRE DE 2009, MONTEVIDEO. 

11 

 
 The residential income elasticities used may contain strong biases as no information is available on the 
accessibility of electricity.  This is especially of concern for the rural areas.  However, the high electrification of 
approximately 96% alleviates this issue somewhat.  Regression runs for the industrial sector do not provide any 
conclusive results which is why elasticities are taken from UTE (1991).  The commercial sector analysis also has 
certain limitations as the data on consumption of refined oil products appears to be questionable. 
 
 Another critical assumption is that the elasticities derived from historical information will remain 
unchanged throughout the entire planning period of 21 years. 
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6 - Energy Supply Forecast 
 
 As indicated in Figure 5, Uruguay’s primary energy supply in the Reference 1995 Case (Base Case) 
continues to be based mainly on crude oil, hydro energy, wood, and some minor amounts of biomass.  The only 
addition is coal which enters the market in 2011.  Primary energy supplies reach 2907 kTOE by 2013.  The share of 
imported crude oil is expected to increase from 53% in 1991 to 60% in 2011 and then drop to 55% when coal comes 
in.  Wood, biomass and hydro are projected to decline slightly.  Primary energy consumption in 1993 is fairly low 
due to the shutdown of ANCAP’s domestic refinery.  The drop in total supplies at the beginning of the forecast 
period is connected with a lower hydro generation that is projected to only slowly increase. 

 
 Figure 6 shows the change in natural gas imports for the natural gas scenarios (i.e., Scenarios 2, 3, and 5) 
compared to the Reference 1995 Case.  Natural gas imports are strongly driven by the projected electric sector fuel 
mix.  In addition, the level of electric 
system integration with Argentina and 
Brazil plays a significant role in natural 
gas demand. With electric integration, 
electricity exports are expected to 
increase substantially driving up the 
demand for natural gas in the power 
sector.  Natural gas imports in 2013 are 
forecast to be 832 kTOE (24.9% of 
primary energy) in Scenario 2, 957 kTOE 
(27.5%) in Scenario 3, and 1000 kTOE 
(28.4%) in Scenario 5. 
 
 Changes in crude oil imports are 
negligible as they are driven by the 
gasoline production of the domestic 
refinery.  Gasoline is not expected to 
compete with imported natural gas or 
electricity.  Under all scenarios, the 
domestic refinery is expected to reach its 
capacity limits by the year 2012.  Except 
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Figure 5:  Primary Energy Supply for Reference 1995 Case 
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Figure 6:  Change in Natural Gas Imports by Scenario 
Relative to the Reference 1995 Case 
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for Scenario 6, diesel, fuel oil, and LPG imports are projected to be less than in the Reference 1995 Case.  By 2013, 
diesel imports are 351 - 388 kTOE (57 - 63%) lower,  fuel oil imports decrease between 67 and 124 kTOE (52 - 
95%), and LPG imports are expected to be reduced by 43 - 54 kTOE (80 - 100%).  Scenario 6 imports are 
temporarily higher than in the Base Case due to the dry hydro period between 1997 and 2001.  In 1999, Scenario 6 
imports increase by 279% for diesel, 146% for fuel oil, and 59% for LPG over the levels in the Reference 1995 
Case.  Wood production under the alternative scenarios is also forecast to decline as compared to the Reference 
1995 Case (except for Scenario 6).  The drop in production ranges from 25 to 100 kTOE (i.e., 6 - 23%). 
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7 - Electricity Generation Forecast 
 
 Under the Base Case, domestic electricity demand is projected to grow at an annual average rate of 2.5% 
from 486 kTOE in 1993 to 796 kTOE in 2013.  With the exception of scenario 4, alternative scenarios show a 
slightly lower electricity demand than the Reference 1995 Case, i.e., 10 - 27 kTOE or 1.3 - 3.3% lower.  Scenario 4 
with no natural gas but full electric integration and associated lower electricity prices results in a demand level by 
2013 that is approximately 100 kTOE or 12.6% above the Base Case. 

 
 Since no new hydropower plants are expected to be built in the future, fossil fuel-fired units will have to be 
used more often in order to satisfy the growing demand for electricity.  As given in Figure 6, energy consumption in 
fossil-fired power stations is projected to increase from 176 kTOE in 1993 to 675 kTOE in 2013.  Diesel shows the 
largest increase.  Coal-fired units are coming on line in 2011 replacing some of the diesel and fuel oil-fired 
generation.  Under the Base Case, Uruguay is forecast to move from being a net exporter (net exports of 193 kTOE 
in 1993) to becoming a net importer of electricity by the year 2008 (net imports of 6 kTOE in 2013) as shown in 
Figure 8. 
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Figure 7:  Energy Supplies for Electric Utility Sector under Reference 1995 Case 
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Figure 8:  Reference 1995 Case Electricity Exports and Imports 
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 When natural gas becomes available in the year 2000 in Scenarios 2, 3, and 5, it displaces diesel and heavy 
fuel oil; as well as coal after 2010.  By 2013, it is projected that natural gas becomes the predominantly consumed 
fuel with approximately 422 kTOE (Scenario 2) to 593 kTOE (Scenario 5) while diesel and fuel oil decrease 
substantially.  For example, the change in fuel consumption by energy type under Scenario 2 relative to the Base 
Case is shown in Figure 9. 

 
Although the domestic electricity demand is projected to be lower under all natural gas scenarios, total electricity 
production in Uruguay is expected to be higher because of a forecast increase in exports to Argentina of 19 kTOE 
(Scenario 2) to 170 kTOE (Scenario 5) above the Base Case.  Imports are slightly lower in Scenario 2 than in the 
Reference 1995 Case, whereas in the other natural gas scenarios electricity imports are significantly higher than in 
the Base Case. Table 7 summarizes the electric sector results for the year 2013. 
 

Full integration with Argentina and Brazil without natural gas (Scenario 4) will result in large imports of electricity 
(net imports of 330 kTOE) and lower domestic thermal generation as compared to the Base Case.  Integration will 
allow Uruguay to minimize operating its expensive fuel oil and diesel-fired units.  Electricity imports also replace 
the coal-fired units constructed under the Reference 1995 Case. 
 
 Scenario 6 is characterized by a dry hydrological period during 1997 to 2001.  This leads to a more frequent 
dispatch of Uruguay’s diesel and fuel oil-fired units during these years.  In addition, electricity imports increase 
substantially while electricity exports drop leading to a noticeable rise in average system generation cost and enduse 
electricity prices. 
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Figure 9:  Scenario 2 Change in Electric Sector Fuel Consumption 

Relative to the Reference 1995 Case 

Table 7:  Summary of Electric Utility Sector Results in 2013 (kTOE) 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Fuel oil consumpt. 63 42 14 24 19 60 
Diesel consumpt. 323 23 0 3 0 309 
Coal consumpt. 289 0 0 0 0 276 
Gas consumpt. 0 422 550 0 593 0 
Hydro generation 553 548 561 556 558 553 
Electricity exports 14 33 104 127 184 14 
Electricity imports 20 13 63 457 131 20 
Average generation 
cost ($/MMBtu) 

14.87 8.73 8.07 8.42 8.08 14.75 
(24.17 in 1999) 
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8 - Final Energy Consumption under Reference 1995 Case 
 
 Figure 10 and Figure 11 together with Table 8 provide the projected final energy consumption levels under 
the base case scenario by sector and by fuel.  While the market share of city gas is expected to remain constant, 
biomass and wood/charcoal decrease their penetration rates.  Only electricity and oil products are projected to 

increase their shares.  Sectoral shifts in energy 
consumption follow more or less macroeconomic 
assumptions with the commercial and agriculture/fishing 
sectors expanding their role while the industrial sector 
decreases its consumption share.  The residential share is 

forecast to drop slightly because of a predicted shift to 
more efficient energy forms (mostly electricity) to 
meet growing end use demand.  Energy consumption 
in the transportation sector is expected to remain 
almost constant in relative terms due to average 
demand growth rates and little projected fuel 
substitution. 
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Figure 10:  Reference 1995 Case Final Energy 

Consumption by Sector 
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Figure 11:  Reference 1995 Case Final Energy 

Consumption by Fuel 

Table 8:  Summary Results of Final Energy Consumption under Reference 1995 Case 

BY FUEL City Gas Biomass Wood/ 
Charcoal 

Electricity Oil 
Products 

1993 Consumpt. (kTOE) 11 68 487 393 1168 
2013 Consumpt. (kTOE) 15 32 427 668 1868 
Market share (%) 
1993  to  2013 

0.5 � 0.5 3.2 � 1.1 22.9 � 14.2 18.5 � 22.2 54.9 � 62.1 

Aver. growth rate (%/year) 1.6 -3.7 -0.7 2.7 2.4 

BY SECTOR Residential Commercial Industrial Transport Agr. & Fish 

1993 Consumpt. (kTOE) 654 129 559 620 159 
2013 Consumpt. (kTOE) 799 234 714 896 367 
Consumption share (%) 
1993  to  2013 

30.8 � 26.6 6.1 � 7.8 26.4 � 23.7 29.2 � 29.8 7.5 � 12.2 

Aver. growth rate (%/year) 1.0 3.0 1.2 1.9 4.2 
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9 - Final Energy Consumption under Alternative Scenarios 
 
 Final energy consumption by fuel type under most alternative scenarios differs significantly from the 
Reference 1995 Case due to expected fuel substitution trends in the end use sectors.  Under Scenarios 2, 3, and 5, 
natural gas is forecast to substitute oil products, wood/charcoal, and to a smaller degree electricity.  In Scenario 4, 

electricity benefits from the integration with Argentina and Brazil and the absence of natural gas.  Lower electricity 
prices under this scenario drive up electricity consumption 82 kTOE or 12.2% above the Base Case levels in 2013.  
Predicted changes in 2013 under Scenario 6 are relatively minor as the markets have rebound after the assumed dry 
hydrological period in 1997-2001. Table 9 summarizes the forecast final energy consumption levels by fuel type 
under all alternative scenarios. 
 
 Total final energy consumption by sector shows only little variation from the Base Case under the five 
alternative scenarios.  Changes in the commercial and agriculture/fishing sectors are negligible as they were 
modeled at less detailed levels.  The transport sector also varies insignificantly from the Reference 1995 Case as 
compressed natural gas penetration rates under Scenarios 2, 3, and 5 are projected to be minimal with little to no 
effect on sectoral energy consumption.  Differences compared to the Base Case, though not very substantial, can be 
observed in the residential and industrial sectors.  These sectors are projected to experience noticeable shifts in their 
fuel and technology mix affecting to a lesser extent the average sectoral energy conversion efficiencies.  Compared 
to the Reference 1995 Case, this results in variations of -6.4% (Scenario 2) to +0.8% (Scenario 4) in total residential 
final energy consumption and -1.0% (Scenario 4) to +1.1% (Scenario 6) in total industrial final energy consumption. 
 

Table 9:  Final Energy Consumption in 2013 by Fuel Type under Alternative Scenarios 

 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

 kTOE % kTOE % kTOE % kTOE % kTOE % 

2013 Consumption in kTOE and % Market Share 

 City/Natural Gas 348 11.5 345 11.4 12 0.4 345 11.4 15 0.5 
 Biomass 31 1.0 31 1.0 31 1.1 31 1.0 32 1.1 
 Wood/Charcoal 334 11.1 330 11.0 404 13.7 330 11.0 430 14.2 
 Electricity 647 21.4 656 21.8 750 25.4 657 21.8 659 21.8 
 Oil Products 1661 55.0 1650 54.8 1750 59.4 1650 54.8 1885 62.4 

Change from Base Case in kTOE and % 

 City/Natural Gas +333 +2236 +330 +2212 -3 -17.6 +330 +2211 0 +1.9 
 Biomass -1 neg.1 -1 neg. -1 neg. -1 neg. 0 neg. 
 Wood/Charcoal -93 -21.8 -97 -22.6 -23 -5.4 -97 -22.6 +3 +0.7 
 Electricity -21 -3.2 -12 -1.7 +82 +12.2 -11 -1.7 -9 -1.3 
 Oil Products -207 -11.1 -218 -11.7 -113 -6.1 -218 -11.7 +17 +0.9 

1  neg. =  negligible 
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10 - Natural Gas Consumption and Fuel Substitutions 
 
 Total natural gas consumption in 2013 is forecast to be between 769 and 936 kTOE.  As Figure 12 shows 
for Scenario 2, during the first years after natural gas becomes available almost all of it is consumed by the electric 
utility sector.  Over time, natural 
gas penetrates other economic 
sectors as well.  But as given in 
Table 10, the majority of the gas 
will still be consumed by the power 
sector by the end of the forecast 
period, i.e., between 55% and 63%.  
The residential sector is projected 
to be the second largest consumer 
of natural gas followed by the 
industrial and commercial sectors.  
Natural gas consumption in the 
transportation sector is expected to 
be small. 

 
 In the electric sector, natural gas is forecast to provide between 40% and 46% of its resource requirements 
(including hydro and imports).  The overall market share of natural gas in the residential sector reaches around 24% 
by 2013.  More than half of the residential gas will be used for space heating.  The analysis accounts for the fact that 
natural gas will not be available in all of Uruguay.  In fact, if considering only regions where natural gas is expected 
to be available, penetration rates are 
projected to be much more substantial.  
By 2013, it is projected that in natural 
gas connected regions, it will provide 
about 83% of final energy used for 
water heating, almost 80% for cooking, 
and more than 75% for space heating. 
 
 Typically, residential natural 
gas replaces renewable fuels, refined 
oil products, LPG, and electricity.  In 
general, fossil fuels like diesel, LPG, 
and Kerosene that are consumed the 
most by the residential sector are 
projected to have the largest reduction 
in consumption.  Wood consumption 
also decreases but by a lesser extent, because large amounts of wood are used in regions that will not be connected 
to the gas distribution system. Figure 13 gives the market shifts in the residential sector for Scenario 2.  These 
substitution trends are similar in other scenarios. 
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Figure 12:  Scenario 2 Natural Gas Consumption  

Table 10:  Natural Gas Consumption in 2013 by Sector under Alternative Scenarios 

 Scenario 2 Scenario 3 Scenario 5 

 kTOE % of 
all gas 

% market 
share 

kTOE % of 
all gas 

% market 
share 

kTOE % of 
all gas 

% market 
share 

Residential 192 25.0 24.2 189 21.1 24.0 189 20.2 24.0 
Commercial 42 5.5 18.4 42 4.7 18.2 42 4.5 18.2 
Industrial 101 13.1 14.2 101 11.3 14.2 101 10.7 14.2 
Transport 12 1.5 1.3 12 1.3 1.3 12 1.3 1.3 
Electric 422 54.8 40.3 560 61.6 46.3 593 63.3 45.6 
  TOTAL 769 100 na 894 100 na 936 100 na 
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Figure 13: Scenario 2 Change in Residential Final Energy 

Consumption Relative to Reference 1995 Case 
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 Natural gas penetration in the industrial sector reaches 101 kTOE in 2013 with a market share of 14.2% 
making it the third largest gas consumer.  The sector is projected to switch mostly from wood and fuel oil to natural 
gas as displayed in Figure 14.  Changes in other types of energy are small.  Overall gas penetration levels are 
relatively low as not all 
industries are expected to have 
access to it. 
 
 However, the market 
behavior varies substantially 
among different industrial 
subsectors and across the 
different enduse types (steam, 
heat, on-site electricity 
generation).  As Table 11 
shows, gas penetration for 
steam and heat production is 
generally much higher than 
for on-site electricity genera-
tion.  In the chemical industry, 
for example, natural gas 
supplies about 29% of final 
energy for steam generation 
and about 27% for heat production.  The textile and food industries also show fairly high penetration rates for steam 
generation (that is 24% and 20%) whereas the ceramics industry has a relatively high share (i.e., 22%) of natural gas 

for the production of direct heat.  The combined others sector accounts for about 41% of total industrial gas 
consumption and shows a high market share of gas especially in steam generation.  Only the paper industry shows a 
noticeable gas share for electricity generation. 
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Figure 14: Scenario 2 Change in Industrial Final Energy 

Consumption Relative to Reference 1995 Case 

Table 11:  Industrial Natural Gas Consumption in 2013 by Subsector and Energy Use 

Industry Steam Heat Electricity/Other Total 

 kTOE Market 
Share (%) 

kTOE Market 
Share (%) 

kTOE Market 
Share (%) 

kTOE 

Cement 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Ceramic 0.1 8.3 5.5 21.9 0.0 0.0 5.6 

Chemical 4.0 28.9 0.3 26.6 0.0 0.0 4.3 

Food 24.5 19.8 6.8 20.2 0.0 0.0 31.3 

Paper 3.2 6.7 0.0 0.0 1.1 8.4 4.3 

Textile 13.1 23.7 0.0 0.0 1.0 1.6 14.0 

Subtotal 44.8 -- 12.5 -- 2.0 -- 59.5 

    Combined/Others 27.6 51.2 13.1 15.8 0.8 2.8 41.5 

Total Industry 72.4 -- 25.6 -- 2.8 -- 100.9 
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11 - End Use Energy Prices and Natural Gas Subsidies 
 
 
 
 Energy end use prices that vary 
across alternative scenarios include 
electricity and city/natural gas.  For 
example, Figure 14 shows for the 
residential sector that electricity tariffs are 
projected to be highest under the Base 
Case and the Dry Reference 1995 Case.  
The lowest tariffs are forecast for Scenario 
5 with electric integration with Argentina 
and Brazil combined with the imports of 
natural gas.  Tariffs in Scenarios 2, 3, and 
4 are forecast to be slightly above levels 
observed in Scenario 5. 
 
 
 
 
 
 

 
 The projected cost of city gas/natural gas is 
significantly lower under scenarios where natural gas is 
available.  In the absence of natural gas, the residential 
city gas tariff in 2013 is projected to be approximately 
US$36 per MMBtu.  Under Natural Gas Scenarios, this 
tariff drops to US$10 per MMBtu which is comparable 
to Argentina’s tariff.  However, as the city gas company 
will still treat and distribute the natural gas using its 
facilities, it will be unable to recoup all its costs at this 
tariff as it is below its production cost.  This in effect 
results in a subsidy of natural gas that is given in Table 
12.  The total discounted subsidy over the period 2000 - 
2013 is the highest in Scenario 2.  With electric 
integration in Scenarios 3 and 5, less gas is used in the 
residential sector resulting in slightly lower overall 
subsidy levels. 
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Figure 14:  Projected Residential Electricity Tariff by 

Scenario 

Table 12:  Total Natural Gas Subsidies from 2000 - 2013 
in US$ million

1
 

 Scenario 2 Scenarios 3 + 5 

Residential 85.1 82.3 

Commercial 31.7 

Industrial 69.4 

  TOTAL 186.2 183.4 

1  Net present value @ 12% discount rate,  industrial excludes paper industry 
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Figure 15:  Projected Delivered Cost of Gas 

under “Natural Gas Scenarios” 
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12 - Net Energy Import Bill and Energy Intensity 
 
 The net energy import bill is given in Table 13.  Scenario 5 has the lowest net import bill with US$1.81 
billion while Scenario 6 has the highest with US$2.36 billion.  Differences in the net oil import bill can be attributed 
to variations in import levels of refined oil products.  Natural gas imports range from US$117 million (Scenario 2) 
to US$152 million (Scenario 5).  As to electricity, Uruguay’s net balance (imports minus exports) shows export 
revenues between US$41 million (Scenario 4) and US$233 million (Scenario 5).  Under Scenario 4, Uruguay is 
projected to import significant amounts of electricity in the later parts of the study period leading to much lower 
discounted net revenues.  Whereas under Scenario 5, Uruguay uses imported natural gas to export more electricity 
resulting in much higher export revenues. 

 
 Uruguay’s energy intensity in terms of final energy per GDP is projected to decrease from its 1993 level of 
0.143 TOE/US$1000 to as low as 0.133 TOE/US$1000 in 2013 under Scenario 4.  Final energy consumption per 
capita increases under all scenarios but shows the lowest increase under Scenario 4 from 0.674 TOE/capita in 1993 
to 0.832 TOE/capita in 2013.  Electricity consumption per capita and per GDP increases in all scenarios and is the 
highest under Scenario 4 with 0.034 TOE/US$1000 and 0.214 TOE/capita. 
 

Table 13:  Net Energy Import Bill by Scenario in US$ million
1
 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Crude Oil, Oil Products 2272 1970 2025 1952 1894 2471 

Coal 19 0 0 0 0 18 

Natural Gas 0 117 142 0 152 0 

Electricity -195 -213 -210 -41 -233 -133 

  TOTAL 2096 1874 1957 1912 1813 2357 

    1  Net present value @ 12% discount rate 
    2  Negative numbers indicate net export revenues 
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Conclusions 
 
 The country’s primary energy supply continues to rely on crude oil, hydro energy, wood and minor 
amounts of biomass.  Under natural gas scenarios, gas is projected to provide about 25-28% of Uruguay’s primary 
energy.  Electric system integration leads to increased gas consumption.  Natural gas imports do not affect future 
crude oil imports while imports of refined oil products such as diesel, fuel oil, and LPG are substantially reduced.  
ANCAP’s domestic refinery is expected to run into capacity limits by 2012. 
 
 Natural gas replaces in part electricity which leads to a reduction of domestic electricity demand.  However, 
total electricity generation is higher under all gas scenarios because of a forecast increase in electricity exports.  
Natural gas imports combined with power system integration with neighboring countries are expected to result in a 
reduction of Uruguay’s average cost of electricity generation and electricity enduse tariffs. 
 
 With a natural gas pipeline in place, gas consumption by 2013 is expected to be substantially higher than in 
the Base Case and account for up to 11.5% of the country’s final energy consumption.  Gas will mostly substitute oil 
products, wood/charcoal, and to a smaller degree electricity.  During the first few years after gas becomes available, 
almost all of it is consumed in the electric sector.  Over time though, natural gas penetrates other sectors as well, but 
still around 55-63% of the gas is used for power generation by 2013.  The residential sector is the second largest 
consumer, followed by the industrial sector and the commercial sector. 
 
 The market penetration of natural gas in the different sectors varies significantly.  Gas will provide 40-46% 
of the resource requirements in the power sector by 2013.  About 24% of residential final energy consumption will 
be natural gas.  In the commercial sector, 18% will be gas and in the industrial sector about 14%.  As not all of the 
country will have access to gas during the forecast period, natural gas penetration is even more substantial if 
considering only regions where gas will be available.  Typically, residential gas replaces renewable fuels, refined oil 
products, LPG, and electricity. 
 
 The industrial sector is projected to switch mostly from wood and fuel oil to natural gas with minor changes 
in other types of energy.  Overall penetration levels are small as not all industries are expected to have access to gas.   
The market behavior varies substantially among different industrial subsectors and across different enduse types 
such as steam, heat, and on-site electricity generation.  In general, gas penetration is higher for steam and heat 
production than for autogeneration. 
 
 The projected cost of city gas/natural gas is significantly lower under scenarios where natural gas is 
available.  In fact, it is sold at a tariff that is comparable to Argentina’s.  At this tariff though, the city gas company 
will not be able to recover all of its costs which in effect results in a subsidy of natural gas. 
 
 Natural gas imports combined with electric system integration can reduce Uruguay’s net energy import bill, 
i.e., Scenario 5 has the lowest net energy import bill whereas Scenario 6 has the highest.  Uruguay’s energy intensity 
in terms of final energy per GDP is projected to decrease and is the lowest under Scenario 4.  Final energy 
consumption per capita increases under all scenarios but shows the lowest increase in Scenario 4.  Electricity 
consumption per capita and per GDP increases in all scenarios and is the highest under Scenario 4. 


