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Abstract 

The Role of Energy in Economic 

Growth in Peru 
 

Carlo Mario Franchini Irujo 

Technology Management, Economics and Policy Program 

College of Engineering 

Seoul National University 
 

This paper examines the direction of causality and short-term and long-

term structural relationships between electricity or energy consumption and 

different economic variables such as Gross Domestic Product exports and 

imports as a percentage of GDP in Peru from 1971 through 2010. The analysis 

is extended into different economic sectors by incorporating industrial, mining, 

fishing, agro-industrial, transportation, residential and commercial and public 

energy consumption (1985-2009).    

 

The main findings of the study include a short-run unidirectional causality 

from exports to electricity consumption and a long-run unidirectional 

causality running from GDP and exports to electricity consumption as well as 

a long-run unidirectional causality running from GDP and imports to 

electricity consumption. 

Keywords: (Energy, Electricity, Co-integration, Granger Causality) 

Student Number: 2012-22601 
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Chapter 1. Introduction 

 

1.1 Problem Description 

 

Peru, an export-oriented economy, is one of the fastest growing and most 

stable economies in Latin America. Peru’s actual export growth during the 

period 2001-2008 (8.3%) stands out as one of the highest in the region 

(Illescas and Jaramillo, 2011). Between 2011 and 2022, the GDP is expected 

to grow approximately 5.4% on average (Apoyo Consultoría, 2011).  

 Peru seeks to broaden its path to commercial integration by actively 

pursuing free trade agreement (FTA) negotiations. To date, FTAs have been 

signed with a number of countries, including Canada, China, the European 

Union, Japan, South Korea, Singapore, the United States, etc. 

 At the same time, Peru’s final energy demand
1
 is expected to 

                                            
1
 Final energy consumption covers all energy supplied to the final consumer for all 

energy uses. (European Environment Agency, 2013).  



 

 

 

 

2 

increase at an average annual rate of 3.1% between 2010 and 2035 (Asia 

Pacific Energy Research Centre, 2013). In the electricity sector, recent years 

have seen a risk of power cuts or service limitations (World Bank, 2010). 

 The Government has already established an energy savings goal of 

15% for the period 2010-2040, from a 2010 baseline (Ministerio de Energía 

y Minas et al., 2012). Also in 2010, Peru established a General Directorate of 

Energy Efficiency. 

 In this context, a clear understanding of the structural relationship 

among energy or electricity consumption, GDP growth, and trade promotion 

policies represents a tool for crafting energy conservation policies, especially 

when this analysis has already been conducted for a number of emerging 

economies. 

 To the best knowledge of the author of this paper, however, few 

studies have analyzed causal relationships between energy or electricity 

consumption and economic growth in Peru, and all of these factors at an 
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aggregate level. 

 

1.2 Research Questions 

 

The aim of this study is to address the following research questions:  

 Was there any causal relationship among electricity or energy 

consumption, economic growth and exports or imports as a 

percentage of GDP in Peru during the period 1971-2011?  

 Is there any long-term and short-term structural relationship among 

these variables?  

 Was there any causal relationship between energy consumption and 

GDP in Peru during the period 1985-2009?  

 Is there any long-term and short-term structural relationship among 

these variables?  



 

 

 

 

4 

 What is the direction of causality and long-term and short-term 

structural relationship between energy consumption and GDP in 

different economic sectors? 

 

1.3 Research Objective 

 

Understanding both the short- and long-term structural relationships and 

identifying the direction of causality between electricity and energy 

consumption and different economic variables is important to the successful 

crafting of appropriate energy conservation policies that will be essential to 

sustaining Peru’s economic development. 

 

1.4 Motivation 

 

This study attempts to provide an effective tool to aid in the design of 

adequate energy and electricity conservation policies, based on the direction 
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of causality, long-term, and short-term structural relationships, without 

adversely affecting GDP growth or trade liberalization policies. 

 

1.5 Limitations 

 

Even though the power of unit root tests and co-integration tests is low, with 

short data spans of 20 to 30 observations (Mishra et al., 2009), the number of 

observations available for the second part of the methodology is 25.   

 

1.6 Research Structure 

 

Chapter 1 introduces the study. Chapter 2 presents the study background, 

including an introduction to Peru’s economy, electricity and energy sectors. 

Chapter 3 develops the theoretical framework and hypothesis. Chapter 4 sets 

forth the literature review.  
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 The methodology is divided into two parts:     

A. Part I (Chapter 5): examines the direction of causality and short- and 

long-term structural relationships among electricity or energy consumption, 

GDP and imports and exports at the aggregate level during the period 1971-

2011. The following models are analyzed:  

 Model 1: Electricity Consumption-GDP-Exports 

 Model 2: Electricity Consumption-GDP-Imports 

 Model 3: Energy Consumption-GDP-Exports 

 Model 4: Energy Consumption-GDP-Imports 

B. Part II (Chapter 6): builds on the results of Part I and attempts to 

extend the analysis to the sector level, using official data on energy 

consumption available for different economic sectors between 1985 and 

2009, including industrial, mining, fishing, agro-industrial, transportation, 

residential and commercial, public. The following models are analyzed: 
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 Model 1: Industrial Energy Consumption (Industrial EC)-GDP. 

 Model 2: Residential and Commercial Energy Consumption 

(Rescom EC)-GDP. 

 Model 3: Industrial EC-GDP-Mining Energy Consumption (Mining 

EC). 

 Model 4: Industrial EC-GDP-Rescom EC. 

 Model 5: Rescom EC-GDP-Agro-Industrial Energy Consumption 

(Agro-Industrial EC). 

 Model 6: Rescom EC-GDP-Fishing Energy Consumption (Fishing 

EC). 

 Model 7: Rescom EC-GDP-Mining EC. 

 The empirical results of Part I are presented in Chapter 7, while the 

empirical results of Part II are presented in Chapter 8. Chapter 9 is devoted 
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to policy implications, and Chapter 10 develops the conclusions.     
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Chapter 2. Study Background 

 

2.1 The Peruvian Economy 

 

Peru is an upper-middle-income economy (World Bank, 2013) which has 

experienced exceptional economic growth over the last decade, emerging as 

one of the fastest growing and most stable economies in the region, while 

doubling in size between 2002 and 2012 (International Monetary Fund, 

2013). At constant prices, Peru’s GDP grew at an average annual rate of 5.7% 

between 2000 and 2010, and it is expected to grow at an average annual rate 

of 4.8% between 2010 and 2035 (Asia Pacific Energy Research Centre, 

2013). 

 As of 2011, services accounted for 39% of the Gross Domestic 

Product (GDP), followed by commerce and manufacturing at 15% each (see 

Figure 1 and Appendix A). Historically, Peru’s economy has been tied to 
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exports, which have provided the hard currency needed for imports and 

external debt payments (Thorp and Bertram, 1978). 

 Peru has successfully utilized export promotion strategies to achieve 

a high rate of growth and, according to KPMG (2013), Peru’s openness to 

foreign trade is one of the country’s favorable attributes as a business 

location. Peru has also secured multiple free-trade agreements (FTAs) with 

countries such as Canada, China, the European Union, Japan, South Korea, 

Singapore and the United States. 

 Peru’s exports fall into two main categories: traditional and non-

traditional. Traditional exports, which constituted around 77% of total 

exports in 2011, include petroleum and derivatives, minerals, agricultural 

goods and fish meal, all historically exported commodities. Within this 

category, minerals are most important to the national economy, as depicted 

in Figure 2. In 2011, Peru was the world’s third largest producer of copper, 

silver and zinc, and the sixth largest producer of gold (U.S. Geological 
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Survey, 2013).  

 Non-traditional exports consist of more recently developed products 

(approximately, since the 1980s). They are elaborations of traditional raw 

materials (e.g., copper wires) or based on the relative abundance of natural 

resources such as timber (Illescas and Jaramillo, 2011).  

 Imports mainly include raw materials, intermediate goods, and 

capital goods acquired mostly for industry. Also, as of 2011, a growing trend 

towards importing consumer goods, both non-durable and durable, 

represents 18% of total imports (see Figure 3 and Appendix C). 
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Figure 1: Gross Domestic Product by Sectors: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 

 

Figure 2: Traditional Exports of Peru: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 
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Figure 3: Imports of Peru: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 

 

2.2 Energy Sector in Peru 

 

In 2009, the total final energy consumption in Peru was 608,601 TJ, from the 

folowing sources:  

 61.5% oil, natural gas and coal. 

 17.6% electricity. 
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 14.6% firewood, yareta and animal dung2. 

 4.0% mineral coal and its derivatives. 

 2.3% bagasse and charcoal. 

 0.05% solar energy (see Figure 5 and Appendix E) (Ministerio de 

Energía y Minas, 2009). 

 In 2009, with respect to total final energy consumption by sectors, 

the transportation sector was the highest consumer of energy (see Figure 4 

and Appendix D), representing 39% of the total final energy consumption. 

The second largest energy consumer was the residential and commercial 

sector (28%), followed by the industrial sector (19%) (Ministerio de Energía 

y Minas, 2009).    

 Between 1985 and 2009, Peru experienced an average annual 

                                            
2
Yareta (Azorella compacta, also known as "Llareta" in Spanish or Azorella yareta 

in the past) is a tiny flowering plant in the family Apiaceae, which is native to South 

America, occurring in the Puna grasslands of the Andes in Peru, Bolivia, the north of 

Chile and the west of Argentina at between 3,200 and 4,500 meters altitude 

(Wikipedia, 2013) 

http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Apiaceae
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/Puna_grassland
http://en.wikipedia.org/wiki/Andes
http://en.wikipedia.org/wiki/Peru
http://en.wikipedia.org/wiki/Bolivia
http://en.wikipedia.org/wiki/Chile
http://en.wikipedia.org/wiki/Argentina
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growth rate in final energy consumption of 4.6%, which breaks down as 

follows:  

 In the residential and commercial sectors, the average annual rate of 

energy consumption decreased by 0.17%. 

 In the public sector, it increased by 1.19%. 

 In the transportation sector, it increased by 4.0%. 

 In the agro-industrial sector, it decreased by 0.85%. 

 In the fishing sector, it increased by 1.4%. 

 In the mining sector, it increased by 1.8% 

 In the industrial sector it increased by 2.4% (Ministerio de Energía y 

Minas, 2009). 

 Regarding the consumption pattern between 1985 and 2009, the 

primary source of energy in the residential and commercial sectors was 
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firewood, used mainly for cooking with an efficiency of approximately 10%. 

Demand for electricity and Liquified Petroleum Gas (LPG) increased 26.8% 

and 16.9%, respectively, whereas kerosene consumption decreased 

considerably from 2004 to 2009 because of increases in excise tax levied on 

kerosene in recent years. The demand for natural gas in the residential and 

commercial sectors was still incipient in comparison to that of the 

transportation and industrial sectors (Ministerio de Energía y Minas, 2009). 

 During the same period, the public sector saw an decreased demand 

for diesel and jet fuel (Ministerio de Energía y Minas, 2009). 

 In the transportation sector, the main fuel consumed for road 

transport was diesel, and consumption of industrial fuels for maritime fleets 

decreased. LPG and natural gas consumption increased in this sector; 

however, in 2009, this consumption was still relatively low in comparison to 

other hydrocarbons (Ministerio de Energía y Minas, 2009). 

 In the agro-industrial sector, where it is used as a fuel source for 
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sugar mills, to generate vapour inside boilers for self-electricity generation, 

consumption of bagasse prevails and substitutes for the use of hydrocarbons 

(Ministerio de Energía y Minas, 2009). 

 In the fishing sector, fuel oil was the main fuel consumed, with 

natural gas being used in the north of Peru since 2003 (Ministerio de Energía 

y Minas, 2009). 

 In the mining sector, diesel, fuel oil and electricity were the most 

often consumed sources of energy and, in 2009, use of natural gas in this 

sector was still very incipient (Ministerio de Energía y Minas, 2009). 

 According to Ministerio de Energía y Minas (2009), it can be argued 

that Peru is currently in the process of industrialization because in the 10 

years between 1999 and 2009, energy consumption in this sector grew at an 

average annual rate of 4.47%. The industrial sector is well diversified in 

terms of energy consumption because it makes use of almost all of the 

national energy basket: mineral coal, electricity, fuel oil; and, from 2004 
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onwards, natural gas, which represented 15.9% of this sector’s energy 

consumption in 2009 (Ministerio de Energía y Minas, 2009). 

 Between 2010 and 2035, in the business-as-usual (BAU) scenario, 

Peru’s final energy demand (excluding the international transport sector) is 

expected to increase at an average annual rate of 3.1%. During this same 

period, energy demand is expected to increase at an average annual rate of 

3.4% in the industrial sector, 2.6% in the transportation sector, and 2.6% in 

the residential, commercial and agriculture sectors (Asia Pacific Energy 

Research Centre, 2013).   
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Figure 4: Total Energy Consumption by Sectors: 1985-2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 

 

Note: “Others” includes solar, industrial gas and charcoal.  

 Figure 5: Total Energy Consumption Composition: 1985-2009.  

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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2.3 Electricity Sector in Peru 

 

Until the early 1990s, Peru’s power sector represented a vertically integrated 

public monopoly which encompassed generation, transmission and 

distribution of electricity. Between 1991 and 1993, however, the power sector, 

underwent a structural reform process, and a modern legal and regulatory 

framework was established by the Electricity Concessions Law (ECL) of 

1992-93 (Giugale et al., 2006). The new legal framework modified the role of 

the state from owner and operator to policymaker, rule maker, regulator, and 

concession grantor, while promoting a private-sector-led development. In 

terms of planning, the role of the state was limited to basic planning and 

ceased to be “mandatory” as had previously been the case (World Bank, 2010).   

 Reforms included unbundling of vertically integrated utilities, 

organizing the wholesale system operator, and establishing an independent 

sector regulator in the form of the Supervisory Body on Investment in Energy 
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and Mines (OSINERGMIN)
3
. Simultaneously, a privatization and concession 

process resulted in the transfer of major sector assets from public to private 

ownership, together with the management and operation of the main 

electricity facilities. During the privatization period, 1994-1997, 70 percent of 

generation capacity, 100 percent of transmission capacity and 45 percent of 

the distribution market were transferred into private hands (Vagliasindi and 

Besant-Jones, 2013). 

 The reform also established the system operator, the Interconnected 

System Economic Operation Committee (COES)
4
. This entity manages the 

wholesale electricity among participating generation companies, transmission 

companies and large users or “free clients.” It carries out the real-time 

dispatch of generation supply, following a cost-based merit procedure, 

independently of bilateral contracts or the results of generation auctions. 

COES establishes payment obligations among generators, distributors, and 

                                            
3
Organismo Supervisor de la Inversión en Energía y Minería, for its Spanish 

acronym. 
4
Comité de Operación Económica del Sistema Interconectado, for its Spanish 

acronym. 
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large companies, according to their individual balance of energy dispatch.  

 The ability of large consumers or “free clients” (whose maximum 

annual electricity demand is equal to or more than 2500 kWh) to negotiate 

their electricity rates and quantities directly with their suppliers (either 

generators or distributors), through bilateral contracts further contributed to 

industry-wide competition. This is considered the “free market,” because 

terms and conditions of these electricity supply contracts can be freely set. 

Large users can also participate in supply auctions to contract for the supply 

of distribution companies. Electricity for small retail or regulated users (those 

whose maximum annual demand is less than 2500 kWh) is supplied by 

distribution companies at regulated prices.   

 The country’s electricity requirements are met via two general 

systems:  
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I. SEIN: National Interconnected System, which supplies public 

service system generation to its users through transmission and 

distribution networks. 

II. Isolated Systems: Several electricity systems not connected to the 

system network. 

 Both the SEIN and isolated systems generate thermal and hydraulic 

electricity; however, isolated system electricity generation is largely thermal, 

and the SEIN system is relatively evenly balanced between hydraulic and 

thermal. The SEIN and isolated systems provide electricity for both public 

service and self-generation, although most of SEIN electricity is for the public 

service, whereas isolated systems electricity is produced and consumed 

largely by private users (mainly large mining and industrial consumers). It is 

within the SEIN system that the “free market” operates.  

 In 2010, about 85% of Peru’s total installed power capacity 

(8613MW) was generated for public service via SEIN and 15% for on-site 
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power systems (Ministerio de Energía y Minas, 2010). Self-generation has 

always been an important component of overall electricity 

generation/consumption because mining and hydrocarbon activities take 

place in remote areas where an extension of the SEIN is neither 

economically nor technically feasible. Until 1997, self-generation accounted 

for an approximate average of 21% of total electricity generation. Between 

1998 and 2007, expansion of the interconnected system brought about a 

decrease of self-generation to an average of 12% of total generation 

(Vagliasindi and Besant-Jones, 2013). In 2010, approximately 86 small self-

generation enterprises provided electricity to “large” mining, hydrocarbon, 

manufacturing, fish meal and agricultural users (Ministerio de Energía y 

Minas, 2010).  

 From 2000 to 2011, consumption of electricity in Peru grew at an 

average annual rate of 6.0% (Ministerio de Energía y Minas, 2011). With 

respect to total electricity consumption by sectors, the residential and 
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commercial sector is the highest energy consumer (see Figure 6 and 

Appendix F) representing 44% of 2009’s total electricity consumption. In 

that same year, the industrial sector was the second largest energy consumer 

(28%), followed by the mining sector (25%). 

 During recent years, the government of Peru has implemented 

regulations designed to improve the functioning of the electricity sector. For 

example, a new generation tariff was initiated to increase incentives for 

generators to invest. Moreover, the electricity sector has been operating at 

bare capacity margins. In 2008, Peru’s electricity margin reserve became 

critical with a reserve margin of only 16%, taking into account the system’s 

firm power capacity during the dry season (World Bank, 2010).  

 Between 2010 and 2035, Peru’s average electricity demand is 

expected to increase by an annual percentage of 3.7% and, as a share of 

projected total energy, the demand for electricity is expected to increase from 

18% in 2009 to 23% in 2035. In 1990, the share was 12% (Asia Pacific 
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Energy Research Centre, 2013).     

 

Figure 6: Electricity Consumption by Sectors: 1985-2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 

 

2.4 Energy Efficiency in Peru 

 

The Peruvian Government has actively sought energy efficiency since the 

1980s and 1990s through creation of the Energy and Environment Centre 

(CENERGIA) in 1986 and the Energy Conservation Program (PAE) in 1994 
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(Asia Pacific Energy Research Centre, 2012). 

 The Law for the Promotion of Efficient Use of Energy of 2000 (Law 

N°27345), released on September 8, 2000, empowered the Ministry of 

Energy and Mines as the body responsible for energy efficiency issues in 

Peru, including promotion of a culture directed towards efficient deployment 

of energy resources, coordination of energy efficiency policy with the rest of 

the sector and public and private entities, promotion of the creation of 

Energy Service Companies (ESCOs), among other responsibilities (Asia 

Pacific Energy Research Centre, 2012). 

 As a result of this energy efficiency promotion policy, the 

Government has elaborated on the Referential Plan for the Efficient Use of 

Energy 2009-2018, the current instrument that guides energy efficiency 

matters for the Peruvian energy sector (Asia Pacific Energy Research Centre, 

2012). 

 The Referential Plan for the Efficient Use of Energy contemplates 
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goals in four sectors: residential, industrial, public and transportation. 

Energy efficiency improvements were taken from the energy demand point 

of view (Asia Pacific Energy Research Centre, 2012). 

 The General Directorate of Energy Efficiency was created in 2010 as 

a technical regulatory body dependent on the Vice-Ministry of Energy, and it 

is in charge of Energy Efficiency and all matters mentioned in the Law 

N°27345 (Asia Pacific Energy Research Centre, 2012). 

 During recent years, the Ministry of Energy and Mines has carried 

out a strategic review of Peru’s energy sector with a 30-year horizon. Its aim 

is to support formulation of sector policies and ensure the adequacy of the 

regulatory framework to serve as a reference for the different stakeholders in 

the Peruvian energy sector. Two key results of this work are the New 

Sustainable Energy Matrix for Peru (NUMES) and Strategic Environmental 

Assessment (SEA). This study also updated the Referential Plan for the 

Efficient Use of Energy 2009-2018, considering plans for other sectors (Asia 
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Pacific Energy Research Centre, 2012). 

 For the period 2010-40, the government of Peru has established a 15% 

energy savings goal (3401 PJ) for the residential, industrial (productive and 

services), commercial and public, transportation and other sectors, starting 

from a 2010 baseline, and without affecting the production of goods and 

services in the economic sectors or quality of life in the residential sector 

(Ministerio de Energía y Minas et al., 2012). Implementation of the Energy 

Efficiency Plan requires an investment of 25.9 billion US dollars, and it is 

expected to generate 94.8 billion US dollars in savings (Asia Pacific Energy 

Research Centre, 2012). 

 

2.5 Energy-GDP interactions 

 

From 1985 to 2008, the average annual growth rate in final energy 

consumption was 1.24%, while that of GDP was 2.99%. The elasticity 
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energy consumption-GDP for the same period was 0.41, suggesting that the 

increase in GDP is higher than that of energy consumption, which shows that 

current economic processes are more efficient (APEC Energy Working 

Group, 2011). On the other hand, from 1995 to 2010, Peru’s energy intensity 

decreased from 8.90 TJ/10
6
 (constant 2000 US$) to 7.07 TJ (constant 2000 

US$), exhibiting a decreasing trend. The decreased use of energy per unit of 

economic output could be explained by a shift in energy use from fuels, such 

as oil, to higher quality fuels, such as natural gas (Stern, 2003). 

 The economic sectors with the largest final energy consumption are 

transportation, residential and commercial and industrial (see Appendix D). 

Together, these three sectors accounted for approximately 38% of Peru’s 

GDP in 2009. Final energy consumption in the transportation sector, for 

example, showed a robust increase of 21.7% between 2007 and 2008, and 

8.9% between 2008 and 2009, due to the import of vehicles and vehicle sales 

in the national market, which resulted in Peru importing diesel to satisfy 
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domestic demand (APEC Energy Working Group, 2011; Ministerio de 

Energía y Minas, 2009).    

 On the other hand, electricity is also a major source of energy in 

Peru’s residential and commercial and industrial sectors, and also in the 

mining sector (see Appendix F). Together, these three sectors accounted for 

approximately 35% of Peru’s GDP (see Appendix A), while mining alone 

represented 76% of Peru’s traditional exports in 2009 (see Appendix B). 

 The mining sector represented 25% of the country’s 2009 electricity 

consumption (see Appendix F). Moreover, electricity consumption is 

expected to grow at an average rate of 5.3% from 2012 to 16, mainly due to 

demand from the rapidly expanding mining sector (Business Monitor 

International, 2012).This suggests that electricity consumption does play an 

important role in both Peru’s GDP and its exports through mining sector 

contributions. 

 Large mining companies are the main users of self-generated 
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electricity (Vagliasindi and Besant-Jones, 2013), and self-generation 

companies are owned mostly by mining companies. This is because these 

companies operate in remote locations, which are difficult to connect to the 

national grid. In 2010, approximately 42 of 86 self-generation enterprises 

were linked to the mining sector, generating approximately 24% of the total 

on-site power, 473,967 MWh (author’s calculation with data from Ministerio 

de Energía y Minas (2010)). 

 The relative importance of the impact of mining activities on 

electricity consumption can also be observed in the “free market.” In 2007, 

58 out of 254 companies participating in the “free market” were mining 

companies, consuming 11,330 Gigawatts-hour (GWh), 55 percent of the 

total electricity consumption (World Bank, 2010).  
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2.6 Government Energy Policy 

 

 The Ministry of Energy and Mines is the body of the Peruvian 

government which is responsible for formulating and evaluating energy and 

mining policies. 

 Peru’s National Energy Policy for the period 2010-2040, approved 

with DS 064-2010-MS, defines energy policy objectives including having a 

diversified energy mix with emphasis on renewable energy sources and 

energy efficiency, universal access to energy services, development of an 

energy sector with minimum impact on the environment and low carbon 

emissions, strengthened energy sector institutions, and others (Diario Oficial 

El Peruano (Official Gazette), 2010). 
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Chapter 3. Theoretical Framework and 

Hypothesis 

 

3.1 Theoretical Framework 

 

One school of economic thought considers energy one of the basic elements 

of production. The relationship between electricity consumption and GDP 

growth literature is less voluminous than that concerning the energy-GDP 

nexus, but equally important for policy makers. According to Payne (2010), 

electricity plays a crucial role in production with evidence of a strong 

correlation between electricity consumption and economic growth in 100 

countries, as described by Ferguston et al. (2000). Moreover, Pao (2009) 

argued that electricity is the most flexible form of energy and constitutes one 

of the vital infrastructural contributors to socioeconomic development.  
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 The present study extends beyond the literature to examine the 

nexus between energy or electricity consumption and GDP by incorporating 

exports and imports as a percentage of Peru’s GDP. At the time of this 

writing, papers by Sadorsky (2011, 2012), Lean and Smyth (2010a; 2010b), 

and Narayan and Smyth (2009) appear to be the only published papers 

specifically examining the causal relationship between energy or electricity 

consumption, economic growth and exports or imports within one 

multivariate model. This trivariate framework marries the Granger causality 

literature on the energy-GDP and exports-GDP nexus (Narayan and Smyth, 

2009).  

 

3.1.1 Energy Consumption and Economic Growth 

 

 Neoclassical economics, which represents the mainstream school or 
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paradigm of economics, is characterized by mathematical models based on 

optimization by individual producers and consumers. Neoclassical 

economics considers goods such as materials and fuels as intermediate 

inputs
5
; while capital, labor, and land are primary factors of production 

(Stern, 2004). 

 Neoclassical economics downplays the role of energy in economic 

production because of the implications of thermodynamics for economic 

production and the economy’s long-term prospects. The basic economic 

growth model is the Solow model, which does not include resources at all 

(Stern, 2004). 

 Technical change can uncouple economic growth from resources. 

According to the neoclassical growth theory, the only reason behind 

continuing economic growth, is technological progress which results in 

                                            
5
 Primary factors of production are inputs that exist at the beginning of the period 

under consideration and are not directly used up in production (though they can be 

added to and degraded); intermediate goods are those created during the period 

under consideration and are used up entirely in the production (Stern, 2004). 
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better quality or greater output quantities produced from the same amount of 

input. Hence, growth in the face of finite resources would be possible as a 

result of technological change (Stern, 2004). 

 Substitution can also uncouple economic growth from resources 

because degraded environmental resources or depleted resources can be 

replaced by “equivalent” forms of human-made capital (machines, factories, 

etc.) or more abundant substitutes. The elasticity of substitution (σ) between 

inputs from the environment, like natural resources, and human-made capital 

show how much one input must be increased to compensate for a reduction 

in other inputs to maintain the same production level. Mainstream 

economists assume that sustainability is technically feasible (Stern, 2004).  

 Ecological economics, a transdisciplinary field of economics which 

includes ideas from economics, natural sciences, and other social sciences, 

aims to address the broad question regarding the use of energy resources by 

society (Stern, 2004).    
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 Ecological economics considers the alternative viewpoint that 

energy is also an essential production factor. Criticism of the mainstream 

theory of growth, which focuses on capital and labor, is based on limits in 

technological progress as a means of mitigating the scarcity of resources 

since, according to the first law of thermodynamics (the conservation law), 

minimum material input requirements are necessary for any production 

process producing material outputs. Also to be considered are limits to the 

substitution of other production factors, such as manufactured capital, for 

energy, since a minimum amount of energy is needed to carry out the 

transformation of matter according to the second law of thermodynamics 

(efficiency law) (Stern, 2004). 
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3.1.2 Economic Growth and Trade 

 

 According to the export-led hypothesis, export growth is causally 

prior to GDP growth. A number of reasons explain this causality. First, 

exports increase GDP because they are a component of GDP in national 

accounting. However, on a deeper level, export expansion and trade 

openness can be a source of positive externalities such as increased 

efficiency of the economy resulting from scale increases, which can be seen 

as a form of technological progress; international economies of scale; and a 

procompetitive effect stimulated by international competition (Helpman and 

Krugman, 1985). These technological improvements increase GDP by 

increasing total factor productivity (TFP) in the Solow-Swan growth 

accounting framework (Lean and Smyth, 2010a).  

 A competing hypothesis, proposed by Kravis (1970), portrays the 

role that trade plays as a “handmaiden of growth” rather than an “engine of 
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growth,” which is considered one among many factors affecting growth, and 

unlikely to be the dominant variable in many instances. Moreover, Jung and 

Marshall (1985) argued that important primary causal factors (e.g., learning 

and technological change) behind the unbalanced growth of a few industries 

on a national level may be unrelated to any export-promoting incentives. 

Due to unbalanced growth, where production grows faster than local demand, 

these booming industries may naturally turn to foreign markets to sell their 

goods. There is also the possibility of a feedback relationship between 

economic growth and exports whereby exports are important in explaining 

changes in economic growth and vice versa; or a neutral relationship with no 

statistically significant relationship among the variables (Sadorsky, 2012).  

 On the other hand, the import-led growth hypothesis postulates that 

imports can play a significant role in affecting the domestic economy. The 

transfer of technology and factors of production into the domestic economy 

through imported goods can increase domestic production (Sadorsky, 2012). 
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Imports provide domestic firms access to knowledge and foreign technology 

(Grossman and Helpman, 1991). Imports can be a source of productivity 

growth in the domestic marketplace resulting from the use of technology 

intensive intermediate factors of production, foreign R&D knowledge and 

increased efficiency through foreign competition (Sadorsky, 2012). 

 

3.1.3 Energy Consumption and Trade 

 

 Theoretically, exports can affect energy consumption due to a 

number of reasons. For example, export expansion causes an increase in the 

demand for production factors (capital, labor, energy) used to produce the 

exports. Once the exports have been produced, machinery and equipment, 

which require energy to operate, are needed for the processing and 

transportation of goods to seaports and airports. Increases in exports lead to 

greater economic activity in export-oriented sectors of the economy, and this 
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should lead to an increase in the demand for energy (Sadorsky, 2012). 

 It is also possible that energy consumption may affect exports 

because energy can represent a significant input into production of goods to 

be exported. It is also likely that a feedback relationship exists in which 

energy offers an important explanation for changes in exports and vice versa; 

or a neutral relationship, with minor correlation between both variables 

(Sadorsky, 2012). 

 Furthermore, imports can affect energy demands. For example, a 

transportation network is needed to move imported goods around the country, 

and this requires energy. Besides, energy consumption can be affected by the 

composition of imports if, for example, the imports are energy intensive 

products like dishwashers or automobiles. Moreover, there is also the 

possibility of energy consumption affecting the flow of energy-dependent 

imported goods such as machinery or equipment, since a lack of accessible 

energy in a particular country may reduce the usefulness and efficiency of 
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the machines, making them less desirable for import. It is also possible that a 

feedback relationship between imports and energy or a neutral relationship 

between the two variables exists (Sadorsky, 2012). 

 

3.2 Competing Hypothesis 

 

The relationship between energy consumption and GDP is examined because 

its different policy implications are based on four competing hypotheses, 

also considered in the electricity use-GDP nexus literature.  

 First, if causality runs from energy consumption to economic growth 

(“growth hypothesis”), then energy conservation-oriented policies should not 

be encouraged because they would have a detrimental effect on income. The 

growth hypothesis suggests that energy plays an important role in the 

production process both directly and as a complement to capital and labor 
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(Payne, 2008; Ozturk, 2010). A country in which causality runs from energy 

consumption to economic growth is said to be energy dependent (Ozturk et 

al. 2010).  

 Second, if causality runs from economic growth to energy 

consumption (“conservation hypothesis”), then energy conservation policies 

could be adopted but exert little or no effect on economic growth.  

 Third, in the case of bidirectional causality between the two 

variables (“feedback hypothesis”) a reduction or increase in energy 

consumption may reduce or increase economic growth accordingly, and a 

reduction or increase in economic growth may correspondingly reduce or 

increase energy consumption. In such case, economic growth and energy 

consumption are affected at the same time and jointly determined (Ozturk, 

2010).  

 Fourth, if there is no causal relationship between the variables 

(“neutrality hypothesis”), energy consumption may have no impact on 
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economic growth. In this case, there is no correlation between the two 

variables (Ozturk, 2010). 

 The second set of competing hypotheses contemplates the 

relationship between energy or electricity consumption and trade (exports or 

imports). If causality runs from energy consumption to trade, or if there is 

bidirectional causality between the two variables, a reduction of energy 

consumption could have an adverse effect on trade as an engine of economic 

growth. In this respect, energy conservation policies which reduce energy 

consumption could have a negative effect on trade liberalization policies 

designed to promote economic growth.  

 On the other hand, if there is causality from trade to energy or 

electricity consumption or no causality between the variables, energy 

conservation policies can be expected to have no effect on trade promotion 

policies designed to increase economic growth (Lean and Smyth, 2010a; 

Narayan and Smyth, 2009).  
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Chapter 4. Literature Review 

 

Extensive empirical literature investigates potential structural linkages 

between energy consumption and economic growth; however, a strong 

conclusion of all the existing studies is that they have yielded mixed results 

in terms of the hypothesis on causal relationships. Causes for the dispute 

about the direction of causality in the energy-growth nexus literature can be 

attributed to such factors as using different data for the same country sample 

or the same data for a different country sample, using different time periods 

and using different analysis techniques to examine the causality (Dedeoglu 

and Huseyin, 2013). Ozturk (2010), who reviewed the literature from 1978 

to 2009, mentioned that the diverse results arise because of different data 

sets, alternative econometric methodologies and different countries’ 

characteristics such as different indigenous energy supplies, different 

political and economic histories, different institutional arrangements, 
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different cultures and different energy policies. 

 

4.1 Energy Consumption and Economic Growth 

 

Empirical studies of the relationship between energy consumption and 

economic growth can be divided into two major groups: country-specific 

studies and multi-country studies. No clear trends have been found in the 

literature to address the direction of causality in either single or multi-

country studies. 

 Bidirectional causality between energy consumption and economic 

growth was found in Taiwan (Hwang and Gum, 1991), Korea (Glasure, 

2002), Greece (Hondroyiannis et al., 2002), India (Paul and Bhattacharya, 

2004), Turkey (Erdal et al., 2008), South Africa (Odhiambo, 2009), and 

Tunisia (in the long-run) (Belloumi, 2009).   
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 Other studies revealed unidirectional causality running from energy 

consumption to economic growth in the United States (Bowden and Payne, 

2009; Stern, 2000), Korea (Oh and Lee, 2004) and Taiwan (Lee and Chang, 

2005). 

 In addition, evidence of unidirectional causality running from 

economic growth to energy consumption was found in Iran (Zamani, 2007), 

Turkey (Karafil, 2008), Malaysia (Ang, 2008), and China (Zhang and Cheng, 

2009). 

 No causality between energy consumption and economic growth 

was found in Turkey (when unrecorded economy is taken into account) 

(Karafil, 2008) and USA (Payne, 2009; Yu and Jin, 1992).   

 Regarding multi-country studies, Cheng (1997), who analyzed the 

causal relationships between energy consumption and economic growth in 

Brazil, Mexico and Venezuela, found no causal relationship between energy 

consumption and economic growth in Mexico and Venezuela; whereas 
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energy was found to cause economic growth in Brazil. 

 Chang and Soruco Carballo (2011), who investigated causal 

relationships among energy consumption, economic growth and carbon 

emissions in twenty Latin American and Caribbean countries between 1971 

and 2005, found evidence of short-run unidirectional Granger causality from 

energy consumption to economic growth in Peru, using the standard Granger 

causality test. 

 There are also a number of studies on the relationship between 

energy consumption at a disaggregated level (by sectors) and economic 

growth. In Greece, Hondroyiannis et al. (2007) found a bidirectional 

causality between energy consumption and GDP, as well as between 

industrial energy consumption and GDP; and a unidirectional causality 

running from residential energy consumption to GDP in the long-run.  

 Fatai et al. (2004) found short-run evidence of unidirectional 

Granger causality running from real GDP to aggregate final energy 
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consumption and from real GDP to industrial and commercial energy 

consumption in New Zealand and Australia.   

 On the other hand, empirical studies on the relationship between 

electricity consumption and economic growth can also be divided into two 

major groups: country-specific studies and multi-country studies. As in the 

case of energy, the causality relationship remains ambiguous.  

 Bidirectional causality between electricity consumption and 

economic growth was found in Taiwan (Yang, 2000), Malawi (Jumbe, 2004), 

Cyprus (Zachariadis and Pashourtidou, 2007), Malaysia (Tang, 2008), South 

Africa (Odhiambo, 2009), and Burkina Faso (Ouedraogo, 2010).  

 However, other studies have revealed unidirectional causality 

running from electricity consumption to economic growth in Pakistan (Aqeel 

and Butt, 2001), Turkey (Altinay and Karagol, 2005), Taiwan (Lee and 

Chang, 2005), China (Shiu and Lam, 2004), Korea (Yoo, 2005), Fiji Islands 

(Narayan and Singh, 2007), Malaysia (Chandran et al., 2010), and Tanzania 
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(Odhiambo, 2009).  

 In addition, evidence of unidirectional causality running from 

economic growth to electricity consumption was found in Australia 

(Narayan and Smyth, 2005), Indonesia (Yoo and Kim, 2006), Hong Kong 

(Ho and Sui, 2007), Bangladesh (Mozumber and Marathe, 2007), India 

(Ghosh, 2000), and Pakistan (Jamil and Ahmad, 2010). 

 Wolde-Rufael (2006) investigated the causality relationship between 

electricity consumption and economic growth in 17 African countries from 

1971 to 2001. The results revealed evidence of unidirectional causality 

running from consumption of electricity to economic growth in Benin, the 

Democratic Republic of Congo, and Tunisia; while unidirectional causality 

running from economic growth to electricity consumption was found in 

Cameroon, Ghana, Nigeria, Senegal and Zimbabwe. Feedback relationships 

were found in Egypt, Gabon and Morocco; while evidence that no causal 

relationship existed was found in Algeria, Republic of Congo, Kenya, South 
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Africa and Sudan.  

 Chen et al. (2007) tested the causality relationship between 

electricity consumption and economic growth in 10 newly industrializing 

and developing Asian countries (Thailand, Taiwan, Singapore, the 

Philippines, Malaysia, Korea, Indonesia, India, Hong-Kong, and China) 

during the period of 1971 to 2001, from both single and panel data. 

Empirical results from the panel data showed evidence of bidirectional long-

run causality between electricity consumption and economic growth and 

unidirectional short-run causality running from economic growth to 

electricity consumption, while the reverse relationship was found not to exist. 

 Squalli (2007) assessed the relationship between electricity 

consumption and economic growth for 11 OPEC members (Venezuela, 

United Arab Emirates, Saudi Arabia, Qatar, Nigeria Libya, Kuwait, Iraq, 

Iran, Indonesia, and Algeria) covering the period from 1980 to 2003. 

Evidence of a long-run relationship between electricity consumption and 
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economic growth was found for all OPEC members. Unidirectional causality 

running from economic growth to electricity consumption was found in 

Algeria, Iraq, Kuwait and Libya; unidirectional causality running from 

electricity consumption to economic growth was noted in Indonesia, Nigeria, 

UAE and Venezuela; while feedback relationships were discovered in Saudi 

Arabia, Qatar and Iran.  

 Yoo and Kwak (2010) shed light on the relationship between real 

GDP and electricity consumption in a panel of seven South American 

countries (Venezuela, Peru, Ecuador, Colombia, Chile, Brazil, Argentina) 

during the years from 1975 to 2006, with mixed results across countries. 

Unidirectional short-run causality running from electricity consumption to 

GDP was found in Argentina, Brazil, Chile, Colombia, and Ecuador. Also, a 

feedback relationship between economic growth and electricity consumption 

was found in Venezuela. However, in Peru, no causal relationships were 

found in either direction. 
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4.2 Economic Growth and Trade 

 

Existing literature on causality relationships between economic growth and 

trade is sizeable; however, much of the literature directly examines the link 

between GDP and exports. First generation studies found strong evidence in 

favour of the export-led hypothesis, but did not take into account the 

stationarity of the data and used simple correlation methods. Nevertheless, 

more recent studies which considered the stationarity of the data have found 

mixed evidence on causality for the handmaiden and export-led hypotheses. 

Results from Jung and Marshall (1985), who analyzed 37 countries, shared 

evidence of the export-promotion hypothesis in only four countries: 

Indonesia, Egypt, Costa Rica and Ecuador. In Peru, Bahmani-Oskooee et al. 

(1991) who postulated a negative causality running from export growth to 

economic growth found evidence in favour of the export-led growth 

hypothesis. Van den Berg and Schmidt (1994), analyzed 16 Latin American 
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countries and provided evidence in favour of export-led growth in Colombia 

and Peru; both positive and statistically significant. Moreover, Riezman et al. 

(1996), analyzed the relationship between income growth and export growth 

in 126 countries, nevertheless controlling for the growth of imports, and their 

results did not reveal support for the export-led hypothesis in Peru.  

 Awokuse (2008) looked into the relationship between trade and 

economic growth in Peru, Colombia and Argentina and conveyed relatively 

stronger empirical evidence to support import-led growth than export-led 

growth in the Peruvian case. 

 

4.3 Energy Consumption, Economic Growth and 

Trade 

 

At the time of this writing, papers by Sadorsky (2011, 2012), Lean and 

Smyth (2010a, 2010b), and Narayan and Smyth (2009) appear to be the only 
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published papers specifically investigating causality relationships between 

electricity or energy consumption, GDP and exports or imports within one 

multivariate model. The published literature brings together two separate and 

extensive streams of economic literature (Sadorsky, 2012):  

 On the one hand, the relationship between energy consumption and 

economic output, one of the most widely studied topics in energy 

economics (e.g., Payne, 2010; Ozturk, 2010) 

 On the other hand, the relationship between economic output and 

exports, one of the most widely studied topics in international 

economics (e.g., Giles and Williams, 2000a, 2000b). 

 The first study to examine the causality relationships among 

electricity, GDP and exports was that of Narayan and Smyth (2009) who 

found, for a panel of six Middle Eastern countries (Iran, Israel, Kuwait, 

Oman, Saudi Arabia, and Syria), evidence of a long-run Granger causality 

running from exports and electricity consumption to real GDP and from 
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exports and real income to electricity consumption. They also found 

evidence in favor of a short-run Granger causality running from electricity 

consumption to real income and bidirectional causality between real income 

and exports.  

 Lean and Smyth (2010a) examined the causal relationship between 

capital, labor, exports, electricity consumption, and aggregate output for 

Malaysia and found evidence of a bidirectional Granger causality running 

between aggregate output and electricity consumption in the long-run, and 

evidence of causality from exports to aggregate output. Also, the results 

showed bidirectional Granger causality between electricity consumption and 

aggregate output in the short-run.  

 Moreover, Lean and Smyth (2010b) examined the causal 

relationship among prices, exports, electricity generation, and economic 

growth for Malaysia in a multivariate model and found evidence of a 

unidirectional Granger causality running from economic growth to 
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electricity generation. However, the results of this study did not find 

evidence of Granger causality between exports and aggregate output, thus 

not supporting either the export-led or handmaiden theory of trade.  

 Sadorsky (2011) investigated the more general relationship between 

energy consumption and trade (either exports or imports) in a panel of 

Middle Eastern countries (Bahrain, Iran, Jordan, Oman, Qatar, Saudi Arabia, 

Syria and United Arab Emirates) finding evidence that trade affects energy 

consumption in the Middle East, with a short-run causality running from 

exports to energy consumption and a bidirectional feedback relationship 

between imports and energy consumption.  

 Furthermore, Sadorsky (2012) assessed the relationship between 

trade, output and energy consumption in 7 South American countries 

(Argentina, Brazil, Chile, Ecuador, Paraguay, Peru, and Uruguay) from 1980 

to 2007. This study found evidence of a bidirectional feedback relationship 

between energy consumption and exports, output and exports and output and 
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imports. Evidence of a one-way causality relationship in the short-run 

running from energy consumption to imports was also revealed. In addition, 

the study provided evidence of a long-run causal relationship between trade 

(exports or imports) and energy consumption.  
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Chapter 5. Methodology Part I: Trivariate 

Analysis, 1971-2011 

 

Part I examines the direction of causality and short-term (defined as one year 

or less) and long-term (defined as longer than one year) structural 

relationships among electricity or energy consumption, GDP, and imports 

and exports. The following models are analyzed:  

 Model 1: Electricity Consumption-GDP-Exports 

 Model 2: Electricity Consumption-GDP-Imports 

 Model 3: Energy Consumption-GDP-Exports 

 Model 4: Energy Consumption-GDP-Imports 
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5.1 Data 

 

The estimation period is 1971-2011, and all of the data are annual 

observations of the variables. All variables are expressed in natural 

logarithmic form. The data on energy consumption, electricity consumption, 

GDP and exports and imports as a percentage of GDP were obtained from 

the World Bank (World Bank, 2013). Electricity consumption, GDP, exports 

and imports are expressed in terms of kilowatt hours (kWh), constant 2005 

US$, exports of goods and services as a percentage of GDP and imports of 

goods and services as a percentage of GDP, respectively. 

 

5.2 Unit Root Tests 

 

Most of the variables or series are non-stationary but, using non-stationary 
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series in causality tests can lead to spurious causality results (Stock and 

Watson, 1989). A series is said to be non-stationary if its mean, variance and 

autocovariance are non-constant over time. Conversely, a series is said to be 

stationary if it has constant mean, variance, and autocovariance at various 

lags over time (Shiu and Lam, 2004).   

 Unit root tests are useful in determining the order of variable 

integration, whether the time series is stationary in level form or stationary 

after first-differencing. The amount of d times a non-stationary series must 

be differenced to become stationary is specified as I(d). For instance, a 

stationary series in level form is integrated of order zero, denoted I(0); a 

stationary series after first differencing is integrated of order one, denoted 

I(1). 

 Following Engle and Granger (1987), we first tested the unit roots of 

the series to examine their stationarity. In order to deal with the 

autocorrelation problem at higher order lags, which were not considered in 
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the original Dickey-Fuller test (Dickey and Fuller, 1979), the Augmented 

Dickey-Fuller (ADF) has been developed (MacKinnon, 1991, 1996).  

 First, the ADF test was carried out in levels (automatic, based on 

Schwarz information criterion (SIC), max lag=9), meaning working with the 

initial data or raw data. The null hypothesis is that the series have unit roots 

         against the hypothesis that the series are stationary       

   Following the results in levels, the next procedure was to test for unit root 

by applying the ADF test to the first difference of the data (automatic, based 

on SIC, max lag=9). The exogenous regressor was assumed to be “intercept” 

(MacKinnon, 1991, 1996) (see equation 5.1). 

 

  ( )           ∑          
 
       (5.1) 

 

 However, the results of the ADF are relatively sensitive to any 

incorrect lag length selection. Moreover, the ADF tests frequently points at 
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non-stationary, under-rejecting the null hypothesis (that there is unit root) 

(Gurgul and Lukasz, 2012). Hence, a Kwiatkowski-Phillips-Schmidt-Shin 

(KPSS) test (Kwiatkowski et al., 1992) was also conducted as a 

complementary test to confirm the results of the ADF. Contrary to the ADF 

test, the stationarity of the time series is assumed in the null hypothesis 

        of the KPSS test; against the alternative hypothesis         

that postulates the presence of a stochastic trend. KPSS statistic is based on 

the residuals of the OLS regression of the series   on the exogenous 

variables    (Kwiatkowski et al., 1992): 

 

        
′
 δ   𝑡(5.2) 

 

The LM statistic is defined as: 

 

𝐿𝑀   ∑ 𝑆(𝑡)2 / (𝑇2𝑓 ) (5.3) 
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where 𝑆(𝑡) is a cumulative residual function and 𝑓  is an estimator of the 

residual spectrum at frequency zero: 

 

S(t)   ∑ ûr
 
𝑟  (5.4) 

 

based on the residuals û     −  𝑡
′
 δ(0). The set of exogenous regressors 

was specified as “intercept” and the bandwidth parameter was established 

according to the Newey and West (1987) using Bartlett kernel. 

 

5.3 Co-integration Test 

 

Prior to the co-integration test, the VAR test was conducted to determine the 

optimal lag length for co-integration. 

 Two or more time series that are non-stationary in level form and 

integrated of the same order (i.e., each I(1)) are considered to be co-

integrated if a stationary linear combination exists amongst them (i.e., I(0)) 
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(Engle and Granger, 1987). If the series are co-integrated, a long-run 

equilibrium relationship exists between them.      

 Since LElectricity Consumption, LGDP and LExports and LImports 

are non-stationary in levels and integrated of the same order, I(1), we 

proceeded to test whether these variables are co-integrated, employing the 

widely used Johansen-Juselius (Johansen and Juselius, 1990) co-integration 

procedure. The Johansen-Juselius (1990) co-integration procedure is 

preferred over the Engle and Granger (1987) co-integration technique 

because it considers all the variables as endogenous, and hence avoids the 

choice of dependent variables based on an arbitrary criterion. This procedure 

is a VAR-based test on restrictions imposed by co-integration in the 

unrestricted VAR (Shiu and Lam, 2004).  

 For the co-integration test, since none of the series appears to have a 

trend (see Appendix I), as co-integration test specifications it was assumed 

no deterministic trend in the level data уt and intercepts in the co-integrating 
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equations (Johansen, 1995) (see equation 5.5): 

 

  (𝑟)  
               ( 

′        ) (5.5) 

 

 The Johansen-Juselius (1990) co-integration procedure examines the 

number of co-integrating vectors between the variables based on two 

likelihood ratio (LR) tests, trace statistic and maximum eigen value statistic. 

 

5.4 Granger Causality Test 

 

Co-integration confirms the existence of uni- or bi-directional causality 

among the series (Granger, 1986, 1988), but it does not point out the 

direction of causality. Since two of the models contain variables that are 

non-stationary at levels (but stationary after first differencing) and co-

integrated, the direction of causality was examined within the vector error-
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correction modeling (VECM) procedure, popularized by Engle and Granger 

(1987).The Granger-causality test method was selected rather than other 

alternative techniques due to its favorable response, as mentioned by 

Odhiambo (2008), to both large and small samples.  

 Any long-term co-integrating relationship found between the 

variables has a corresponding lagged error-correction term in the VECM, 

derived from it. For models that contain variables that are non-stationary at 

levels (but stationary after first differencing) and not co-integrated, the 

standard Granger-causality test should be adopted to detect causality only in 

the short-run (Yoo, 2005); however, this is outside the scope of the present 

paper.     

 Under the VECM framework, Y is Granger-caused by X, if either 

the estimated coefficient on lagged values of error term from co-integrated 

regression or the estimated coefficients on lagged values of X are 

statistically significant. X is Granger-caused by Y, if either the estimated 
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coefficient on lagged values of error term from co-integrated regression or 

the estimated coefficients on lagged values of Y are statistically significant 

(Yoo, 2005). However, the fact that “X Granger causes Y” or “Y Granger 

causes X” cannot be understood in the conventional sense of giving rise to 

an action, phenomenon or condition. On the contrary, it means that X has 

useful information for predicting Y, or vice versa.    

 In addition to the direction of causality, the VECM mechanism is 

used to distinguish between a short-run and long-run causality among the co-

integrated variables, as well as for correcting disequilibrium; these are 

different channels for identifying causality that are not available in the 

standard Granger causality test.  

 The VECM procedure can be applied to examine the causal 

relationship between two or more variables, based on a long-run relationship 

amongst them. For example, the trivariate Granger causality model between 

Electricity Consumption, GDP and Exports, based on VECM, one of the 
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models analyzed in Part I, can be specified as follows (see equations 5.6-5.8):  

 

     =  +∑    
 
    lnECt-i + ∑    

 
    lnYt-i + ∑    

 
    lnXt-i +   ECTr, 

t-1 +     (5.6) 

    = 2+∑  2 
 
    lnECt-i + ∑  2 

 
    lnYt-i + ∑  2 

 
    lnXt-i +   ECTr, t-1 

+  2  (5.7) 

    =  +∑    
 
    lnECt-i + ∑    

 
    lnYt-i + ∑    

 
    lnXt-i +   ECTr, t-1 

+     (5.8) 

 

 Where   is the first difference operator; lnEC is the natural log of 

Electricity Consumption; lnY is the natural log of GDP; lnX is the natural 

log of Exports of goods and services as a percentage of GDP. The error 

correction terms, ECTr,t-1, are the co-integrating vectors lagged one period 

and derived from the long-run co-integrating relationship; the    are the 

adjustment coefficients, which show the proportion of disequilibrium that is 

corrected at each period; and     the mutually uncorrelated error terms with 

mean zero.  
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 In each equation, the change in the endogenous variable is caused 

both by their lags and the ECTs. The error correction data generating 

mechanism works through  t, the equilibrium error; the corrections towards 

the long-run equilibrium are summarized by  t-1, the error in the previous 

period (Jamil and Ahmad, 2010). A series of short-run adjustments correct 

the deviations from the long-run equilibrium. The degree to which the left 

hand side variables in each equation (the dependent variables) return in each 

short-run period to the long-run equilibrium in response to random shocks is 

measured by the statistical significance and size of the ECT (Jamil and 

Ahmad, 2010).  

 The long-run causality, that is to say the significance of the 

coefficients of ECTs, was measured through the t-test. The coefficient of 

lagged ECT is a short-term adjustment coefficient and represents the 

proportion by which the long-run disequilibrium (or imbalance) in the 

dependent variables is being corrected in each period (Masih and Masih, 
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1997).The short-run causality, meaning the significance of the lagged 

changes in the explanatory variables, was measured through the significance 

of the “differenced” explanatory variables using the joint F or Wald  2 test. 

The joint significance of the ECT and lagged terms of the different 

explanatory variables (joint short- and long-run Granger causality) was 

investigated by joint F or Wald  2 test; and it is sometimes referred as a 

measure of “strong Granger causality” (Oh and Lee, 2004). 
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Chapter 6. Methodology Part II: Analysis by 

Economic Sectors 1985-2009 

 

According to Payne (2010), the use of aggregate energy output may mask 

the differential impact related to various forms of energy consumption as 

well as by end use and sector. Hence, following the results of Part I, Part II 

attempts to extend the analysis of short-term (defined as one year or less) 

and long-term (defined as longer than one year) structural relationships and 

direction of causality between Energy Consumption, GDP and Exports or 

Imports, by analyzing the different categories of energy consumption, using 

the official data available regarding Energy Consumption in different 

economic sectors from 1985 to 2009: Industrial, Mining, Fishing, Agro-

industrial, Transportation, Residential and Commercial, Public. The 

following models are analyzed: 

 Model 1: Industrial EC-GDP 
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 Model 2: Rescom EC-GDP 

 Model 3: Industrial EC-GDP-Mining EC 

 Model 4: Industrial EC-GDP-Rescom EC 

 Model 5: Rescom EC-GDP-Agro-Industrial EC 

 Model 6: Rescom EC-GDP-Fishing EC 

 Model 7: Rescom EC-GDP-Mining EC 

 

6.1 Data 

 

The estimation period in Part II is 1985-2009 (25 observations), and all of 

the data are annual observations of the total energy consumption in different 

economic sectors in Peru: industrial, mining, fishing, agro-industrial, 

transportation, residential and commercial, and public.     
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 Data on total energy consumption by sectors were obtained from the 

Ministry of Energy and Mines (Ministerio de Energía y Minas, 2009). Data 

on GDP, exports and imports were obtained from the World Bank (World 

Bank, 2013).  

 Energy Consumption, GDP, exports and imports are expressed in 

Terajoules (TJ), constant 2005 US$, exports of goods and services as a 

percentage of GDP and imports of goods and services as a percentage of 

GDP, respectively. 

 

6.2 Unit Root Tests 

 

Two types of unit root tests, ADF and KPSS, were used to examine the 

integrational properties of the following variables (1985-2009): GDP, 

Exports, Imports, Industrial EC, Mining EC, Fishing EC, Agro-industrial EC, 
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Rescom EC and Public EC. As in Part I, we tested the null hypothesis of 

non-stationary against the alternative hypothesis of stationary in the case of 

the ADF test in levels and first differences (automatic, based on Schwarz 

information criterion (SIC), maxlag=5).In the case of the KPSS, the reverse 

set of hypothesis was assumed in comparison to ADF and the bandwidth 

parameter was established according to Newey and West (1987) using 

Bartlett kernel. 

 For the ADF test, the exogenous regressors for the variables Mining 

EC and Transport EC were assumed to be “intercept”; whereas, in the case 

of the variables GDP, Industrial EC, Fishing EC, Agro-Industrial EC, 

Rescom EC, Public EC, Exports and Imports, the exogenous regressors were 

assumed to be “trend and intercept” (MacKinnon, 1991, 1996) (see equation 

6.1). The same exogenous regressors were assumed for the KPSS test.  

 

  ( )       𝑇         ∑          
 
       (6.1) 
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 Since Public EC and Imports were found to be stationary at levels 

(i.e., I(0)), these variables were excluded from further analysis. 

 

6.3 Co-integration Test 

 

The VAR test was conducted before the co-integration test to determine the 

optimal lag length for the co-integration procedure.  

 Initially, the Johansen-Juselius (1990) co-integration procedure was 

carried out in a bivariate setting combining Exports, Industrial EC, Mining 

EC, Fishing EC, Agro-industrial EC, Transportation EC and Rescom EC 

with GDP (see Appendix O).  

 For models 2, 5, 6 and 7, it was assumed that that the level data    

have linear trends but the co-integrating equations have only intercepts 

(Johansen, 1995) (see equation 6.2). 
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  (𝑟)                ( 
′        )       (6.2) 

 

 For models 1, 3, and 4, it was assumed that that the level data    

and the co-integrating equations have linear trends (Johansen, 1995) (see 

equation 6.3). 

 

 (𝑟)  
               ( 

′            𝑡 )       (6.3) 

 

 Only two co-integrating relationships between two variables were 

found (see section 8.3). The normalized co-integrating equations were also 

analyzed (see Appendix S). 
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6.4 Granger Causality Test 

 

Initially, we proceeded to estimate the VECM only for the two co-

integrating equations found under a bivariate framework. 

 The analysis was extended to a trivariate framework by 

incorporating the other sectoral energy consumption variables, and exports 

to the two bivariate relationships initially found and repeating the estimation 

of the VAR, co-integration relationships and VECM (See Appendixes P, Q 

and R). 
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Chapter 7. Empirical Results: Part I 

 

7.1 Unit Root Tests 

 

Results of the ADF unit root test for the series LElectricity, LEnergy, LGDP, 

LExports and LImports are shown in Table 1: 

 

Table 1: ADF Unit Root Test Results, Part I 

Variables 

Levels First Differences 

t-Statistic 
p- 

values 
 t-Statistic 

p-

values 

LElectricity 
1.199099 

[ ] 
0.9976 

-7.867592 

[ ]
*** 

0.0000 

LEnergy 
2.199185 

[ ] 
0.9999 

-4.434886 

[ ]
***

 
0.0011 

LGDP 
1.082549 

[ ] 
0.9967 

-4.037060 

[ ]
*** 

0.0032 

LExports 
-1.902458 

[ ] 
0.3279 

-7.288539 

[ ]
***

 
0.0000 

LImports 
-1.950333 

[ ] 
0.3068 

-6.645773 

[ ]
***

 
0.0000 

Note: the numbers in brackets are optimum lag lengths determined using the 
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Schwarz information criterion (SIC). The   -values correspond to the 

hypothesis of non-stationarity. The 
*
,
**

,
***

 show rejection of the null hypothesis 

at 10%, 5% and 1% significance level, respectively. The exogenous regressor 

is a constant.  

 

] 

 The results of the KPSS unit root test for the series LElectricity, 

LEnergy, LGDP, LExports and LImports are shown in Table 2: 

 

Table 2: KPSS Test Results, Part I 

Variables 
Levels First Differences 

Test statistic Bandwidth Test statistic Bandwidth 

LElectricity 0.786287 5 0.286375
* 

2 

LEnergy 0.590576
*** 

5 0.385455
* 

3 

LGDP 0.730627
*** 

5 0.344294
* 

0 

LExports 0.313329
* 

4 0.171758
* 

11 

LImports 0.227515
* 

4 0.074996
* 

1 

Note: The Bandwidth parameter was established according to Newey and West 

(1987) using Bartlett kernel. The   -values correspond to the hypothesis of 

stationarity. 
*
,
**

,
***

 show non-rejection of the null hypothesis at 10%, 5% and 1%, 

respectively. The exogenous regressor is a constant.  
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7.2 VAR 

 

To select the optimal lag for the co-integration test, Wooldridge’s (2009) 

recommendation of 1 to 2 lags for annual data was followed. The maximum 

lag length considered for the four models was two. In the case of models 1, 2 

and 4, the optimum lag length r=2was chosen using the Hannan-Quinn and 

Akaike information criterion. On the contrary, however, according to the 

Schwarz information criterion, it was one lag. As part of the co-integration 

test specifications, two lags were chosen (see Appendix K) because this 

approach allows analysis of short-run dynamics in the VECM model (Stern, 

2000). In the case of model 3, according to the three criteria, the optimal lag 

was one (see Appendix J). 

 

7.3 Co-integration Analysis  

 

In the case of models 1 and 2, only two long-run equilibrium relationships 
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were found (see Appendix K); meaning that, in each one of these models, the 

variables share a common stochastic trend in the long-run. A natural 

extension is to estimate the VECM for models 1 and 2. On the contrary, 

models 3 and 4 contain variables whose series are non-stationary at levels 

(but stationary after first differencing) and the linear combination of these 

variables is also non-stationary, so the standard Granger-causality test should 

be employed to detect causality (Toda and Phillips, 1993; Yoo and Kim, 

2006). 

 The results of the co-integration test (trace-statistics and λ-max) are 

shown in Tables 3 and 4, while the normalized co-integrating equations for 

part I are shown in Appendix L. 

 The co-integration test is carried out sequentially. In the case of 

models 1 and 2, the hypothesis that r≤0, that is, that there are no co-

integrating relations was rejected at the 5% level. The next line tests the 

hypothesis of, at most, one co-integrating vector (r≤1), and this was not 



 

 

 

 

84 

rejected at the 5% level, so the analysis proceeded no further. 

 

Table 3: Johansen Co-integration Test Results, (Part I, Model 1) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

value 

r=0 52.32715 34.4486 

r≤1 17.87855 14.62086 

r≤2 3.257692 3.257692 

Note: Trace test and Max-eigen value indicate 1 cointegrating eqn(s) at the 0.05 

level
* 
denotes rejection of the hypothesis at the 0.05 level 

 

 A single (r=1) co-integrating equation exists in models1 and 2 over 

the sample period; or one stable long-run relationship between the variables. 

Hence, LElectricity, LGDP, and LExports and LElectricity, LGDP, and 

LImports share a unique co-integrating vector or a particular combination of 

these series is stationary.  
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Table 4: Johansen Co-integration Test Results, (Part I, Model 2) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

value 

r=0 53.81017 34.72076 

r≤1 19.08941 15.75990 

r≤2 3.329503 3.329503 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 0.05 

level* denotes rejection of the hypothesis at the 0.05 level.  

 

 

7.4 Granger Causality Test 

 

7.4.1 Model 1: Electricity Consumption-GDP-Exports 

   

  In the case of model 1 (see Table 5 and Appendix G), the F-statistics 

for Exports, in the Electricity Consumption equation, are significant at the 10% 

level. However, none of the other lagged explanatory variables in the other 

two equations, GDP and Exports, are statistically significant. These results 

support a short-run unidirectional Granger causality running only from 
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Exports to Electricity Consumption. Hence, only changes in Exports cause 

changes in Electricity Consumption in Peru in the short-run.  

 With respect to the t-statistic, the coefficient of the ECT is negative 

and significant at 1% level in the Electricity Consumption equation; but is 

not significant in either the GDP or Exports equation. The interpretation of 

this phenomenon is that, given a deviation of electricity consumption from 

its long-run equilibrium as defined by ECT=ECt-Yt-Xt, all three variables 

interact in a dynamic way to restore long-run equilibrium. However, the non-

significance of the F-statistics for GDP suggests it is exogenous in the 

system, implying that Exports bear the brunt of the short-term adjustment to 

long-term equilibrium. 

 Moreover, by testing the short-run term of each of the variables 

along with the ECTs in each of the corresponding equations, a further 

channel of Granger-causality was analyzed to determine whether only GDP 

or Exports or both cause Electricity Consumption. It was determined that, at 
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the aggregate level, GDP and ECT are jointly significant; as well as Exports 

and ECT in the equation for electricity consumption. Hence, at the aggregate 

level, unidirectional causality was found from GDP and Exports to 

Electricity Consumption. Thus, we can conclude that each of the GDP and 

Exports separately causes electricity consumption. 

 

7.4.2 Model 2: Electricity Consumption-GDP-Imports 

 

 With respect to model 2 (see Table 6 and Appendix G), short-run 

unidirectional Granger causality running only from GDP to Imports was 

found. 

 Regarding the long-run, the coefficient of the ECT is negative and 

significant at 1% level in the Electricity Consumption equation. Deviations 

in the long-run equilibrium co-integrating relationship among Electricity 
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Consumption, GDP and Imports are mainly corrected by Electricity 

Consumption, while GDP and Imports appear to be weakly exogenous.  

 Moreover, with respect to the joint short-run and long-run, GDP and 

ECT are jointly significant, as are Imports and ECT in the equation for 

Electricity Consumption. Hence, at the aggregate level, unidirectional 

causality was found from GDP and Imports to Electricity Consumption. 

Unidirectional causality was also found from GDP to Imports.
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Table 5: Results of the VECM, (Part I, Model 1) 

(Electricity Consumption-GDP-Exports) 

Significance at the 
***

1% level, the 
**

 5% level, and the 
*
10% level, respectively. The R-squared for DECt, DGDPt and DExportst are 

0.201393, 0.070326 and 0.092820, respectively. EC stands for Electricity Consumption. D stands for “differenced.” 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DExportst ECT only DGDPt,ECT DExportst,ECT DECt, ECT 

Test applied F-statistics t-statistics F-statistics 

DECt - 0.291426 3.684766
* 

-5.186252
*** 

33.28817
*** 

33.40049
*** 

- 

DGDPt 0.147742 - 0.410052 -0.274832 - 0.534631 0.430046 

DExportst 0.477045 0.983374 - -0.956176 1.403949 - 2.682568 
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Table 6: Results of the VECM, (Part I, Model 2) 

(Electricity Consumption-GDP-Imports) 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DImportst ECT only DGDPt, ECT DImportst, ECT DECt, ECT 

Test applied F-statistics t-statistics F-statistics 

DECt - 0.037983 0.214793 -6.293863
*** 

44.49776
*** 

40.05963
*** 

- 

DGDPt 0.028762 - 0.493515 -1.097259 - 1.649094 1.403865 

DImportst 0.246436 11.17586
*** 

- 0.644852 11.32681
*** 

- 1.325658 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DECt, DGDPt and DImportst are 

0.272243, 0.098597 and 0.46149, respectively. EC stands for Electricity Consumption. D stands for “differenced.” 
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Chapter 8. Empirical Results: Part II 

 

  

8.1 Unit Root Tests 

 

The results of the ADF unit root test for the series GDP, Industrial EC, 

Mining EC, Fishing EC, Agro-Industrial EC, Transportation EC, Rescom 

EC, Public EC, Exports and Imports are shown in Table 7: 

 

Table 7: ADF Unit Root Test Results, Part II 

Variables 

Levels First Differences 

t-Statistic p-values  t-Statistic p-values 

GDP 
-2.378114 

[ ]  
0.3800 

-3.285535
 

[ ]
* 

0.0936 

Industrial 

EC 

-2.082924 

[ ] 
0.5264 

-4.956069 

[ ]
***

 
0.0034 

Mining  

EC 

-0.857456 

[ ] 
0.7839 -4.424874[ ]

*** 
0.0023 

Fishing 

EC 

-1.788048 

[ ] 
0.6787 

-5.827029 

[ ]
***

 
0.0005 
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Agro-Ind.  

EC 

-2.397694  

[ ] 
0.3713 

-5.484066 

 [ ]
***

 
0.0010 

Transport 

EC 

0.884183 

[ ] 
0.9934 

-4.845407 

 [ ]
***

 
0.0008 

Rescom  

EC 

-1.001305  

[ ] 
0.9250 

-5.016263 

 [ ]
***

 
0.0028 

Public  

EC 

-3.586452  

[ ]
* 

0.0526 
-5.966462 

[ ]
***

 
0.0004 

Exports -1.176747 [ ] 0.8905 -3.332129 [3]
*
 0.0897 

Imports -5.079587 [ ]
***

 0.0022 -8.334894 [ ]
***

 0.0000 

Note: the numbers in brackets are the optimum lag lengths determined using the 

Schwarz information criterion (SIC). The  -values correspond to the hypothesis of 

non-stationarity. The 
*
,
 **

,
***

 show rejection of the null hypothesis at 10%, 5% and 1% 

significance levels, respectively. The exogenous regressor is a constant and linear 

trend; except in the cases of Mining EC and Transport EC, where it is a constant. 

Agro.-Ind. EC stands for Agro-Industrial EC. 

 

 

The results of the KPPS test for the series GDP, Industrial EC, 

Mining EC, Fishing EC, Agro-Industrial EC, Transport EC, Rescom EC, 

Public EC, Exports and Imports are shown in Table 8: 
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Table 8: KPSS Test Results, Part II 

Variables 
Levels First Differences 

Test statistic Bandwidth Test statistic Bandwidth 

GDP 0.162957
*** 

3 0.074569
* 

0 

Industrial 

EC 
0.221977

*** 
3 0.092044

*** 
7 

Mining 

EC 
0.622574

*** 
3 0.21955

* 
9 

Fishing  

EC 
0.160884

*** 
3 0.087353

* 
5 

Agro.-Ind. 

EC 
0.140227

** 
2 0.073829

* 
3 

Transport 

 EC 
0.696124

*** 
3 0.249805

* 
2 

Rescom  

EC 
0.171600

*** 
3 0.058971

* 
2 

Public 

EC 
0.194466

*** 
2 0.352519 18 

Exports 0.214599
*** 

3 0.091313
* 

2 

Imports 0.086796 0 0.500000 23 

Note: The Bandwidth parameter was established according to Newey and West 

(1987) using Bartlett kernel. The   -values correspond to the hypothesis of 

stationarity. The 
*
,
**

,
***

 show non-rejection of the null hypothesis at 10%, 5% and 1% 

significance level, respectively. The exogenous regressor is a constant and linear 

trend; except in the cases of Mining EC and Transport EC, where it is a constant. 

Agro.-Ind. EC stands for Agro-Industrial EC. 

 

 According to the results of the ADF test, Public EC and Imports 
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were found to be stationary at levels (I(0)); whereas, all the other variables 

were found to be stationary in first-difference form (I(1)). The stationarity of 

these variables at levels was confirmed by the KPSS test. Thus Public EC 

and Imports were excluded from further analysis since the variables have to 

be integrated of the first order to be tested for co-integration. 

 

 

8.2  VAR 

 

To select the optimal lag for the co-integration test, Wooldridge’s (2009) 

recommendation of 1 to 2 lags for annual data was followed. The maximum 

lag length considered was two for the seven bivariate models initially 

analyzed (see Appendix N). In all of the bivariate models examined but in 

the Industrial EC-GDP and Rescom EC-GDP cases, the optimum lag length 

was one (r=1) according to the Akaike, Schwarz and Hannan-Quinn 

information criteria. In the Industrial EC-GDP model, the optimum lag 
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length, according to the Hannan-Quinn and Akaike information criteria was 

two (r=2); but, according to the Schwarz information criterion, it was one. In 

the case of Rescom EC-GDP, the optimum lag length was two according to 

the three criteria.  

 Regarding the trivariate models, in the cases of models 3, 4, and 5, 

according to the Hannan-Quinn and Akaike information criteria, the 

optimum lag length was two (r=2); whereas, according to the Schwarz 

information criterion, it was one (r=1). In models 6 and 7, the optimum lag 

length criterion, according to the Schwarz and Hannan-Quinn information 

criteria, was one; whereas, it was two according to the Akaike information 

criterion (see Appendix Q). 

 As part of the co-integration test specifications (see Appendix O and 

R), two lags were chosen in all of the models (1-7), because this allows 

analysis of short-run dynamics in the VECM model (Stern, 2000). 
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8.3 Co-integration Analysis 

 

The results of the co-integration test (trace-statistics and λ-max) are shown 

in Tables 9-15, while the normalized co-integrating equations for part II 

models are shown in Appendix S.   

 As to the bivariate analysis, a single co-integrating equation exists in 

the case of models Industrial EC-GDP and Rescom EC-GDP. The other 

bivariate systems do not share a long-run common stochastic trend (see 

Appendix O and Tables 9 and 10). 

 Regarding the trivariate systems, and based on the co-integrating 

bivariate systems initially found plus an additional variable, one single co-

integrating relationship exists in the case of models 6 and 7 (see Tables 14 

and 15, respectively) over the sample period. However, two co-integrating 

equations exist in the case of models 3, 4, and 5 (see Tables 11, 12 and 13, 

respectively).  
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Table 9: Johansen Co-integration Test Results, (Part II, Model 1) 

 (Industrial EC-GDP) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 28.63200 23.94932 

r≤1  4.682681 4.682681 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level. 
*
denotes rejection of the hypothesis at the 0.05 level 

 

 

 

Table 10: Johansen Co-integration Test Results, (Part II, Model 2) 

 (Rescom EC-GDP) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 20.92738 20.86776 

r≤1  0.059624 0.059624 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level. 
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Table 11: Johansen Co-integration Test Results, (Part II, Model 3) 

 (Industrial EC-GDP-Mining EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 71.66170 39.12917 

r≤1
* 

 32.53253 21.49257 

r≤2 11.03996 11.03996 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 

 

 

Table 12: Johansen Co-integration Test Results, (Part II, Model 4) 

 (Industrial EC-GDP-Rescom EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 65.33631 36.18874 

r≤1
* 

 29.14757 24.03783 

r≤2 5.109734 5.109734 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 
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Table 13: Johansen Co-integration Test Results, (Part II, Model 5) 

(Rescom EC-GDP-Fishing EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 54.87372 30.78987 

r≤1
* 

 24.08385 22.40392 

r≤2 1.679927 1.679927 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 

 

 

Table 14: Johansen Co-integration Test Results, (Part II, Model 6) 

 (Rescom EC-GDP-Agro-IndustrialEC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 43.98024 31.15493 

r≤1
 

 12.82531 11.62741 

r≤2 1.197904 1.197904 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level
*
 denotes rejection of the hypothesis at the 0.05 level 
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Table 15: Johansen Co-integration Test Results, (Part II, Model 7) 

 (Rescom EC-GDP-Mining EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 45.36881 38.43639 

r≤1
 

 6.932421 6.920946 

r≤2 0.011475 0.011475 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level
*
 denotes rejection of the hypothesis at the 0.05 level 

 

8.4 Granger Causality Test 

 

8.4.1 Model 1: Industrial EC-GDP 

 

 With respect to model 1 (see table 16 and Appendix F), short-run 

Granger causality was found running from GDP to Industrial EC. 

 The coefficient of the ECT was found to be significant in both the 

Industrial EC and GDP equations, which indicates that given any deviation 

in the ECT, both variables in the VECM would interact in a dynamic fashion 
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to restore the equilibrium. Bidirectional causality between Industrial EC and 

GDP is found in the long-run period. 

 Results of the significance of the estimated coefficients on lagged 

values of change in GDP and Industrial EC, along with the ECT, in both 

equations are consistent with the presence of strong Granger-causality from 

GDP to Industrial EC and from Industrial EC to GDP.      

 In conclusion, according to the overall results, we can conclude 

there is bidirectional Granger causality between Industrial EC and GDP. 

 

8.4.2 Model 2: Rescom EC-GDP 

 

 With respect to model 2 (see table 17 and Appendix F), short-run 

causality was found running from GDP to Rescom EC, but not the reverse. 

 The coefficient of the ECT was found to be significant in both the 

Rescom EC and GDP equations, which indicates that given any deviation in 
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the ECT, both variables in the VECM would interact in a dynamic fashion to 

restore the equilibrium. Bidirectional causality between Rescom EC and 

GDP is found in the long-run period. 

 Results of the significance of the estimated coefficients on lagged 

values of change in GDP and Rescom EC, along with the ECT, in both 

equations are consistent with the presence of strong Granger-causality from 

GDP to Rescom EC and from Rescom EC to GDP.      

 In conclusion, according to the overall results, we can conclude 

there is bidirectional causality between Rescom EC and GDP. 

 

8.4.3 Model 3: Industrial EC-GDP-Mining EC 

 

 With reference to model 3 (see table 18 and Appendix F) only a 

short-run Granger causality relationship running from GDP to Industrial EC 

was found. 
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 The coefficient of the ECT is negative and significant at 5% level in 

the GDP equation, but is not significant in either the Industrial EC or Mining 

EC equations. Any changes in Industrial EC or Mining EC that disturb the 

long-run equilibrium are corrected by counter-balancing changes in GDP; 

while the converse is not true. GDP is caused by Industrial EC and Mining 

EC, but the latter two variables are not caused by the former.  

 The joint short-run and long-run analysis is consistent with presence 

of strong-Granger causality running from Mining EC to GDP and from 

Industrial EC to GDP. 

 In conclusion, according to the overall results, we can conclude 

there is unidirectional causality from Mining EC and GDP and from 

Industrial EC to GDP.  
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8.4.4 Model 4: Industrial EC-GDP-Rescom EC 

  

 Concerning model 4 (see table 19 and Appendix F), only short-run 

Granger causality relationship running from GDP to Industrial EC was found.  

 The coefficient of the ECT was found to be significant in both the 

Industrial EC and GDP equations, which implies that bidirectional causality 

between Industrial EC and GDP is found in the long-run period. Rescom EC 

appears to be weakly exogenous. 

 Regarding the joint short-run and long-run analysis, evidence 

indicates strong-Granger causality running from Rescom EC to Industrial EC, 

from GDP to Industrial EC, from Rescom EC to GDP, and from Industrial 

EC to Rescom EC. 

 In conclusion, according to the overall results, we can conclude 

there is bidirectional Granger causality between IndustrialEC and GDP and 

between Rescom EC and Industry EC. Unidirectional Granger causality runs 
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from Rescom EC to GDP.   

 

8.4.5 Model 5: Rescom EC-GDP-Fishing EC 

 

 As to model 5 (see table 20 and Appendix F), a short-run 

bidirectional causality relationship between GDP and Rescom EC, and 

unidirectional short-run causality from Fishing EC to GDP and from Rescom 

EC to Fishing EC was found.  

 The coefficient of the ECT is negative and significant at the 5% 

level in the GDP and Fishing EC equations. This implies that bidirectional 

causality between GDP and Fishing EC is found in the long-run period. 

Rescom EC appears to be weakly exogenous. 

 Moreover, there is evidence of strong-Granger causality from GDP 

to Rescom EC, from Fishing EC to GDP, from Rescom EC to GDP, from 

GDP to Fishing EC and from Rescom EC to Fishing EC.  
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 In conclusion, according to overall results, we can conclude there is 

bidirectional Granger causality between Rescom EC and GDP and between 

Fishing EC and GDP. There is unidirectional causality from Rescom EC to 

Fishing EC. 

 

8.4.6 Model 6: Rescom EC-GDP-Agro-industrial EC 

 

 Regarding model 6 (see table 21 and Appendix F), a short-run 

Granger causality relationship running from GDP to Rescom EC was found. 

 The coefficient of the ECT is negative and significant at the 5% 

level in the GDP equation, but is not significant in either the Rescom EC or 

Agro-industrialEC equations. Any changes in Rescom EC or Agro-

industrialEC that disturb the long-run equilibrium are corrected by counter-

balancing changes in GDP, while the contrary is not true. GDP is caused by 

Rescom EC and Agro-industrial EC but the latter two variables are not 
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caused by the former.  

 As to the joint short-run and long-run analysis, there is evidence of 

strong-Granger causality running from GDP to Rescom EC, from Rescom 

EC to GDP and from Agro-industrial EC to GDP.  

 In conclusion, according to the overall results, there is bidirectional 

Granger causality between Rescom EC and GDP, and unidirectional Granger 

causality from Agro-industrial EC to GDP. 

 

8.4.7 Model 7: Rescom EC-GDP-Mining EC 

 

 Regarding model 7 (see table 22 and Appendix F), a short-run 

Granger causality relationship running from GDP to Rescom EC was found. 

 The coefficient of the ECT is negative and significant at 5% level in 

the Rescom EC and GDP equations. This implies that bidirectional causality 

between GDP and Rescom EC is found in the long-run period. Mining EC 
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appears to be weakly exogenous.  

 There is evidence of strong-Granger causality running from Mining 

EC to Rescom EC, from GDP to Rescom EC, from Mining EC to GDP and 

from Rescom EC to GDP.  

 In conclusion, according to the overall results, there is bidirectional 

Granger causality between Rescom EC and GDP; and unidirectional Granger 

causality from Mining EC to GDP and from Mining EC to Rescom EC. 
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Table 16: Results of the VECM, (Part II, Model 1) 

(Industrial Energy Consumption-GDP) 

 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt and DGDPt 

are 0.338686 and 0.589357, respectively. D stands for “differenced.” 

 

 

 

 

 

 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt ECT only DGDPt,ECT 
DIndustrial ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial ECt - 4.619465
** 

-2.154199
** 

7.427741
** 

- 

DGDPt 0.001714 - -3.391303 - 12.73022
*** 
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Table 17: Results of the VECM, (Part II, Model 2) 

(Residential and Commercial Energy Consumption-GDP) 

 

 

 

 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt and 

DGDPt are 0.564436 and 0.472813, respectively. D stands for “differenced” 

 

 

 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable 
DRescom 

ECt 

DGDPt ECT only DGDPt,ECT 
DRescom ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt - 10.57291
*** 

-2.009396
* 

24.30979
*** 

- 

DGDPt 1.240339 - -2.173444
** 

- 5.715650
* 
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Table 18: Results of the VECM, (Part II, Model 3) 

(Industrial Energy Consumption-GDP-Mining Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt, DGDPt and 

DMining ECt are 0.295022, 0.664490, 0.367534. D stands for “differenced” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable 
DIndustrial 

ECt 

DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial ECt - 2.857638
* 

1.252521 1.258240 -1.248797 2.494651 4.523293 - 

DGDPt 0.004149 - 0.034469 2.797761 -2.76888
** 

16.40155
*** 

- 11.28420
*** 

DMining ECt 0.08235 0.508597 - -0.956581 0.987484 - 1.049006 0.987566 
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Table 19: Results of the VECM, (Part II, Model 4)  

(Industrial Energy Consumption-GDP-Residential and Commercial Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt, DGDPt and 

DRescom ECtare 0.521297, 0.607743 and 0.624220, respectively. D stands for “differenced” 

 

Peru Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable DIndustrial ECt DGDPt DRescom ECt ECT only 
DRescom ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial 

ECt 

- 5.710374
** 

0.045755 -1.405083 -2.884302
** 

12.22095
*** 

9.598097
*** 

- 

DGDPt 0.035970 - 0.518419 0.398978 -2.836074
** 

11.56948
*** 

- 0.458371 

DRescom 

ECt 

1.395635 2.102650 - 0.520663 0.0000000376 - 3.257411 6.341738
** 
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Table 20: Results of the VECM, (Part II, Model 5) 

 (Residential and Commercial Energy Consumption-GDP-Fishing Energy Consumption) 

Significance at the 
***

1% level, the
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt, and 

DFishing ECt are 0.571210, 0.555156 and 0.522933, respectively. D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable 
DRescom ECt DGDPt DFishing ECt ECT only 

DFishing 

ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt - 6.375750
** 

0.278582 -0.902800 1.598605 3.938319 20.77689
*** 

 

DGDPt 3.503985
* 

- 2.833285
* 

-2.388444
** 

0.850147 8.155787
** 

- 6.549999
** 

DFishing ECt 2.820574
* 

0.906196 - -2.844901
** 

-3.000266
*** 

- 9.985909
*** 

8.327001
** 



 

 

 

 

114 

Table 21: Results of the VECM, (Part II, Model 6) 

 (Residential and Commercial Energy Consumption-GDP-Agro-Industrial Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt and 

DAgro-Ind. ECt are 0.571210, 0.555156 and 0.522933, respectively. Agro-Ind. EC stands for Agro-Industrial EC. D stands for 

“differenced.”

Peru Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable 

DRescom ECt DGDPt DAgro-Ind. 

ECt 

ECT only DAgro-Ind. ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt  8.410744
*** 

0.291222 -1.423926 2.029958 19.43358
*** 

- 

DGDPt 1.578948  0.092097 -2.867111
** 

10.13841
*** 

- 9.071353
** 

DAgro-Ind. ECt 1.641199 0.057688 - -0.166195 - 0.167054 1.641398 
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Table 22: Results of the VECM, (Part II, Model 7) 

 (Residential and Commercial Energy Consumption-GDP-Mining Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt and 

DMining ECt are 0.584864, 0.487188 and 0.064475, respectively. D stands for “differenced.”

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics  t-statistics F-statistics 

DRescom ECt  11.93523
*** 

0.572325 -2.210188
** 

4.899143
* 

23.74043
*** 

- 

DGDPt 0.800069  1.110491 -2.218710
** 

5.105277
* 

- 5.747841
* 

DMining ECt 1.007166 0.147525 - -0.363570 - 0.214180 1.143967 
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Chapter 9. Policy Implications 

 

 The results of Parts I and II have been summarized in Tables 23 and 24. The 

results show that growth in exports and GDP have led to increased electricity 

consumption in Peru. In other words, GDP and exports improve the 

predictive power of the time series of electricity consumption. The same 

results were found in the case of imports growth and GDP growth. In the 

case of the models with energy consumption, no long-run co-integrating 

relationships were found. 

 The result of Part I is consistent with the findings of Ghosh (2002), 

Yoo and Kim
6
 (2006) and Mozumber and Marathe (2007), who found 

unidirectional causality from GDP to electricity consumption for India, 

Indonesia, and Bangladesh, respectively, without any feedback. In addition, 

                                            
6
 Yoo and Kim analyzed electricity generation instead of electricity consumption. 
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Narayan and Smyth (2009) found for a panel of six Middle Eastern countries 

(Iran, Israel, Kuwait, Oman, Saudi Arabia, and Syria) evidence of a long-run 

Granger causality running from exports and electricity consumption to real 

GDP; and from exports and real income to electricity consumption, the latter 

causality result being similar to the Peruvian case.  

 The results differ from the findings of Yoo and Kwak (2010), who 

examined the Granger causality effect between electricity consumption in 

seven Latin American countries and found no Granger causality in either 

direction in the case of Peru. However, it should be noted that the data 

period covered in the study (1975-2006), econometric methodology
7
, and 

variables analyzed are different. Yoo and Kwak (2010) examined the short-

run relationship, since they found that real GDP and electricity consumption 

were not co-integrated or, in other words, they had no long-run relationship. 

 On the other hand, Chang and Soruco Carballo (2011), found 

                                            
7
Standard Granger causality test (Hsiao’s version) 



 

 

 

 

118 

evidence of short-run unidirectional Granger causality from energy 

consumption to economic growth in the case of Peru. Similar to the present 

study, Chang and Soruco Carballo (2011) found no co-integrating 

relationships between aggregate energy consumption and economic growth; 

but, contrary to the present paper, the short-run causality using the standard 

Granger causality test was examined. 

 Moreover, Sadorsky (2012) found evidence of a long-run causal 

relationship between trade (exports or imports) and energy consumption; 

whereas the present study found no long-run relationships between energy 

and trade. However, Sadorsky (2012) was carried out for a panel of Latin 

American economies, whereas the present study is country-specific. Besides, 

the sample period is different (1980-2007). 

 In relation to energy consumption by economic sectors, in 

accordance with the present study, Fatai et al. (2004) found evidence of 
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causal relationship from real GDP to industrial and commercial energy 

consumption in the cases of New Zealand and Australia in the short-run.  

 

9.1 Part I: Direct Policy Implications 

 

 In general, short-run analysis suggests causality running from Exports to 

Electricity Consumption (Part I, Model 1) and from GDP to Imports (Part I, 

Model 2). Long-run analysis, however, implies that Electricity Consumption 

is caused by Exports and GDP in the first model; and by Imports and GDP in 

the second model. 

 An increase in GDP, exports and imports results in increased 

electricity consumption. A possible interpretation of the results is that, with 

the advancement of the country’s economy and increased commercial 

openness, rapid growth of electricity consumption has occurred in various 

sectors, for example, industrial and commercial sectors, where electricity is a 
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basic input. Also, due to their greater disposable income, households 

consume progressively more electricity. This pattern is similar to what has 

occurred in Asia (Mahadevan and Asafu-Adaye, 2007; Lean and Smyth, 

2010b) and the Middle East (Narayan and Smyth, 2009). 

 Furthermore, Sadorsky (2012) discussed the role of trade expansion 

and energy consumption, and the present paper attempts to link these 

arguments to the electricity sector. Economic growth and exports cause 

expansion in sectors where electricity has been used as a basic input, such as 

the export-oriented (e.g., the mining sector) and related sectors and this 

should increase the demand for electricity (see Figure 6 and Appendix F). 

 Additionally, economic growth and the composition of imports can 

affect electricity consumption since Peru is increasingly importing 

electricity-intensive products, for example, machinery and equipment (e.g., 

capital goods for mining) and household appliances (consumer durables) 
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(see Figure 3). 

 The consistency of the Granger causality results between the short- 

and long-run implies that the same policies can be taken independent of the 

time frame.  

 However, the strong empirical evidence in favor of a long-run 

relationship among the variables also implies the need to synchronize 

planning of electricity production with overall economic planning for GDP 

and international trade policy (e.g., exports growing faster than expected 

could affect the forecasts of future electricity demand). 

 According to the World Bank (2010), the Peruvian electricity sector 

short-term problems experienced during recent years (e.g., low reserve 

margin) were exacerbated by unexpectedly large increases in electricity and 

natural gas demands. Such unexpected surges in electricity consumption in 

the future could be mitigated through such measures as an integrated policy 
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framework.  

 The integrated policy framework could be attained, for instance, via 

creation of an independent planning institution (World Bank, 2010) or the 

formation of committees involving representatives of the Government 

offices responsible for energy, economy and trade. 

 

9.2 Part II: Direct Policy Implications 

 

 In general, a common trend is a short-run causality running from GDP to 

Industrial or Rescom EC in all of the models but model 5 (Rescom EC-GDP-

Fishing EC). Long-run analysis, however, validates the existence of 

bidirectional causality between Energy Consumption in the Industrial, 

Fishing, and Residential and Commercial sectors and GDP; and 

unidirectional causality between Mining and Agro-industrialEC and GDP 
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(see Table 24). The results suggest that energy consumption in the five 

sectors mentioned plays an important role in the production process.  

 If only energy at an aggregate level (and hence the standard VAR 

Granger causality) had been conducted, the importance of energy 

consumption in economic activity would have been misunderstood, since it 

appears that the use of aggregate energy output may be masking the 

differential impact related to the final energy consumption by economic 

sectors (Payne, 2010).  

 One possible explanation of the results obtained is that, in the short-

run, an increase in GDP leads to expansion of the industrial and commercial 

sectors, which require energy as a basic input into the production process. 

Also, higher disposable income increases demand for electronic gadgets for 

entertainment and comfort for households (i.e., in the residential sector) 

(Mishra et al., 2009).The fishing sector, exceptionally, seems to be highly 
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energy dependent in the short-run, as suggested by the short-run 

unidirectional causality from Fishing EC to GDP (see Table 24). 

 Moreover, an increase in energy consumption results in higher GDP 

in the long-run because of the direct effect of energy consumption in the 

economic sectors (industrial, mining, fishing, agro-industrial, commercial) 

which leads to further output in these sectors once production begins; but 

also because higher energy consumption results in an increase in energy 

production, generating employment and energy-related infrastructure 

(Mishra et al., 2009). 

 Empirical results demonstrate that causal relationship shows mixed 

results between short- and long-run causality. However, due to the strong 

long-run co-integrating relationship between energy consumption in the 

residential and commercial, industrial, mining, agro-industry and fishing 

sectors and GDP, the Government could explore the possibility of launching 
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comprehensive energy policies involving different institutions to 

synchronize economic growth with sectoral energy consumption, taking into 

account the long-term (defined as longer than one year) perspectives. 

 The need for greater coordination among relevant ministries (energy, 

transport, environment, finance) in the specific field of energy efficiency 

policy formulation and program implementation has been recommended by 

the APEC Energy Working Group (2011) in order to manage high energy 

demand in the future; however, this coordination could be extended to a 

more general energy policy and involve other relevant economic sectors, 

following the results of the present study. 

 This integrated policy framework could be attained by 

institutionalizing planning through creation of a specialized independent 

planning institution (World Bank, 2010), or by the formation of multi-

sectoral committees (e.g., Korean case) involving the Government offices 
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responsible for energy, mining, economy, industry, manufacturing, fishing, 

agriculture, among others.  

 

9.3 Part I and II: Further Policy Implications  

 

 There is a discrepancy between the results of Part I and Part II, because the 

models that contain electricity consumption, which is part of total energy 

consumption, validate the conservation hypothesis; whereas the models that 

contain total energy consumption by economic sectors validate the growth or 

feedback hypotheses (see Chapter 3). According to Stern (2004), structural 

change in the economy, decreasing energy intensity (due to increased energy 

efficiency), and shifts in the composition of the energy input mean that 

energy and output will drift apart. Hence, as Peruvian economy 

industrializes, following the long-run pattern of energy use in industrial 

economies (Stern, 2004), a shift in the composition of final energy use from 
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direct use of fossil fuels to higher quality
8
 fuels and especially, electricity, is 

expected to occur, and the existing causality relationships could be modified.  

         

9.3.1 Part 1: Further Policy Implications 

 

 The direction of causality suggests that electricity conservation policies, 

including efficiency improvement and demand-side management policies, 

would not adversely affect economic activity or trade promotion policies 

designed to boost economic growth.  

 If this causal relationship were solid enough, Peru could pursue 

more ambitious policies by following, for example, the recommendations of 

APEC Peer Review on Energy Efficiency (APEC Energy Working Group, 

2011): 

                                            
8
Energy quality is the relative economic usefulness per heat equivalent unit of 

different fuels and electricity. It is generally believed that electricity is the highest 

quality type of energy, followed by natural gas, oil, coal, wood and other fuels in 

descending order of quality (Stern, 2004). 
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 The Government of Peru could take the necessary actions to make 

standards mandatory.  

 Provide rebates and incentives to customers implementing electricity 

efficiency projects and employing efficient equipment. 

 Increase thermal plant efficiency through audit and assessment 

protocols to identify existing plant efficiencies and suggest areas for 

improvement.  

 Give the regulator (OSINERGMIN) greater power to enforce 

electricity efficiency requirements and regulations. 

 However, further tests are needed to gauge the relative strength of 

the causality results, for example, the variance decomposition analysis of 

results (Jamil and Ahmad, 2010). Also, Narayan and Smyth (2009) show 

that structural breaks matter to the integration properties of variables as a 

variable may be I(0) once structural breaks are taken into account. 
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9.3.2 Part 2: Further Policy Implications 

 

 The direction of causality detected suggests that energy conservation 

policies which aim to reduce wasted energy, would not adversely affect 

economic activities in the short-run in the residential and commercial or the 

industrial sectors. The fishing sector seems to be relatively more energy 

intensive and energy conservation policies should be carefully evaluated in 

the short-run.  

 These results, however, indicate the need for further tests to gauge 

the relative strength of the causality results since Granger cause analysis is 

sensitive to minor changes in model structure (Yuan et al., 2006). Besides, 

the relatively short span of the time dimension of data leads to lower power 

of conventional unit roots and co-integration tests (Payne, 2010). 
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Table 23: Results of the VECM Summary (Part I) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

1 EC, GDP, 

Exports 

Exports     

to EC 

GDP and 

Exports to EC 

GDP to EC 

Exports to EC 

GDP to EC 

Exports to EC 

2 EC, GDP, 

Imports 

GDP       

to Imports 

GDP and 

Imports to EC 

GDP to EC 

Imports to EC    

Imports to GDP 

GDP to EC 

Imports to EC    

Imports to GDP 

Note: EC stands for Electricity Consumption; SR for Short-Run and LR for Long-Run
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Table 24: Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

1 IEC, GDP GDP to IEC Feed. GDP and 

IEC 

IEC to GDP; 

GDP to IEC 

Feed. IEC and 

GDP 

2 IEC, GDP GDP to REC Feed. REC and 

GDP 

GDP to REC; 

REC to GDP 

Feed. REC 

and GDP 

3 IEC, GDP, 

MEC 

GDP to IEC IEC and MEC 

to GDP 

MEC to GDP;   

IEC to GDP 

MEC to GDP; 

IEC to GDP 
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Table 24 (Cont.): Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

4 IEC, GDP, 

REC 

GDP to IEC Feed. IEC 

and GDP 

REC to IEC; 

GDP to IEC; 

REC to GDP; 

IEC to REC 

Feed. IEC and 

GDP; Feed. REC 

and IEC; REC to 

GDP 

5 REC, GDP, 

FEC 

GDP to REC; 

REC to GDP, 

FEC to GDP; 

REC to FEC 

Feed. FEC 

and GDP 

GDP to REC; 

FEC to GDP; 

REC to GDP; 

GDP to FEC; 

REC to FEC 

Feed. REC and 

GDP; Feed. FEC 

and GDP; REC 

to FEC 
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Table 24 (Cont.): Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and LR 

causality:  

Overall 

causality 

results: 

6 REC, GDP, 

AEC 

GDP to 

REC 

REC and 

AEC to 

GDP 

GDP to REC; 

REC to GDP; 

AEC to GDP 

Feed. REC and 

GDP; AEC to 

GDP 

7 REC, GDP, 

MEC 

GDP to 

REC 

Feed. REC 

and GDP 

MEC to REC; 

GDP to REC; 

MEC to GDP;REC 

to GDP 

Feed. REC and 

GDP; MEC to 

GDP; MEC to 

REC 

Note: IEC stands for Industrial Energy Consumption; REC stands for Residential and Commercial Energy Consumption; 

MEC stands for Mining Energy Consumption; FEC stands for Fishing Energy Consumption; AEC stands for Agro-

Industrial Energy Consumption; SR stands for Short-Run; LR stands for Long-Run; Feed stands for “feedback relationship” 

(bidirectional causality).    
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Chapter 10. Conclusion 

  

This paper examined the directions of causality and short-term and long-

term structural relationships between Electricity or Energy Consumption and 

GDP, Exports and Imports. The study extends its analysis to include 

examination of final energy consumption by economic sectors in an attempt 

to identify long-term structural relationships concerning Energy. 

 Prior to testing for causality within the VECM framework, ADF and 

KPSS tests were used to examine for unit roots; while the Johansen 

maximum likelihood tests were used to examine co-integration. 

 The first part of the analysis (1971-2011) revealed a short-run 

unidirectional causality from Exports to Electricity Consumption and a long-

run unidirectional causality running from GDP and Exports to Electricity 

Consumption; also a unidirectional causality running from GDP and Imports 
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to Electricity Consumption was found. 

 The second part of the analysis, by economic sectors (1985-2009), 

suggests a short-run unidirectional causality from GDP to either Rescom EC 

or Industrial EC in six out of seven models analyzed. In the long-run, there is 

evidence of bidirectional causality between Energy Consumption and GDP 

in the Industrial, Fishing, and Residential and Commercial sectors and 

unidirectional causality from Energy Consumption to GDP in the Agro-

industrial and Mining sectors.      

 The strong long-run relationship between Electricity consumption, 

GDP and trade variables (Exports and Imports) on the one hand; and GDP 

and Energy Consumption in a number of economic sectors on the other hand, 

suggests the need for greater coordination between different sectors at an 

institutional level to synchronize energy planning and guide sectoral growth. 

This could be done by fostering integrated policy framework among 
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different government institutions. 

 However, the decision as to whether or not to implement energy 

conservation measures according to the direction of causality, as commonly 

suggested by the literature, must be interpreted with a dose of caution and 

further analysis to gauge the relative strength of the causality test results is 

required, such as, variance decomposition analysis or repetition of the 

methodology on the basis of longer time series.  
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Appendix A:  

 

 

GDP by sectors: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013) 
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Appendix B:  

 

 

Traditional Exports: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013) 
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Appendix C:  

 

 

Imports: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 
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Appendix D:  

 

 

Energy Consumption by Sectors: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix E:  

 

 

Note: “Others” includes solar, industrial gas and charcoal. 

Energy Consumption Composition: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix F:  

 

 

Electricity Consumption by Sectors: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix G: Coefficients of the VECM (Part I) 

Note: EC stands for Electricity Consumption. D stands for “differenced” 

 

 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DExportst ECT only DGDPt, ECT DExportst, ECT DECt, ECT 

Test applied F-statistics t-statistics 
 

DECt - 0.093463 0.074342 -0.188062
 

   

DGDPt 0.077834 - 0.028969 -0.011641    

DExportst 0.507090 -0.727127 - -0.146845    
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Appendix G (Cont.): Coefficients of the VECM (Part I) 

Note: EC stands for Electricity Consumption. D stands for “differenced” 

. Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DImportst ECT only DGDPt,ECT DImportst, ECT DECt, ECT 

Test applied F-statistics t-statistics 
 

DECt - 0.032511 0.020264 -0.209830    

DGDPt -0.034680 - -0.037009 -0.044077    

DImportst -.0246486 1.631538 - 0.062898    
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Appendix H: Coefficients of the VECM (Part II) (Model 1) 

  

 Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt ECT only DGDPt,ECT DIndustrial ECt,ECT 

Test applied F-statistics t-statistics  

DIndustrial ECt - 0.000000938 -0.000000554 - - 

DGDPt -3548.21 - -0.33612 - - 

Note: D stands for “differenced.” 

 

 

 



 

 

 

 

160 

Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 2) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt ECT only DGDPt,ECT DRescom ECt,ECT 

Test applied F-statistics t-statistics 
 

DRescom ECt - 0.000000852 -0.178751   

DGDPt 139745.1 - -143397.1   
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 3) 

Note: D stands for “differenced” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial ECt, 

ECT 

Test applied F-statistics  t-statistics 
 

DIndustrial ECt - 0.000000915 0.396309 0.248458 
-

0.000000562 
   

DGDPt 6396.719  22171.61 186313 -0.41988    

DMining ECt 0.054109 -0.000000247 - -0.120952 0.000000284    



 

 

 

 

162 

 

Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 4) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt DRescom ECt ECT only 
DRescom ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial ECt, 

ECT 

Test applied F-statistics t-statistics 
 

DIndustrial ECt - 0.00000134 0.072902 -0.458560 -0.000000719    

DGDPt 20545.75 - 108589.6 57631.36 -0.312909    

DRescom ECt -0.185809 0.000000521 - 0.520663 0.0000000376    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 5) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt DFishing ECt ECT only 
DFishing ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics  t-statistics 
 

DRescom ECt - 0.00000078 -0.156355 -0.137707 0.0000000863    

DGDPt 281327.9 - 342386.5 -250158 0.0315    

DFishing ECt 0.235767 0.000000189 - -0.278323 -0.000000104    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 6) 

Note: D stands for “differenced.” Agro-Ind. EC stands for Agro-Industrial EC. 

 

 

Peru Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DRescom ECt DGDPt DAgro-Ind. ECt ECT only DAgro-Ind. ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt, ECT 

Test applied F-statistics  t-statistics 
 

DRescom ECt  0.000000859 0.333436 -0.135286    

DGDPt 146510.8 - -119590.9 -172974.6    

DAgro-Ind. ECt 0.088087 0.0000000266 - -0.005913    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 7)\ 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DRescom ECt DGDPt DMining ECt ECT only 

DMining ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt,  

ECT 

Test applied F-statistics t-statistics 
 

DRescom ECt  0.000000903 -0.133548 -0.186261   - 

DGDPt 114834.2  -139383 -140097.9    

DMining ECt 0.240658 -0.00000014 - -0.042881    

Note: D stands for “differenced.” 
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Appendix I: Time Series Plots (Part I) 
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Appendix J: VAR results (Part I) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Electricity  

Consumption- 

GDP-Exports 

2 2 1 2 

Electricity 

Consumption-

GDP-Imports 

2 2 1 2 

Energy 

Consumption-

GDP-Exports 

2 1 1 1 

Energy 

Consumption-

GDP-Imports 

2 2 1 2 
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Appendix K: Co-integration Test Specifications (Part I) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Electricity 

Consumption- 

GDP- 

Exports 

1-2 Trace 1 1 1 1 2 

Max-

Eig 

1 1 1 1 2 

Electricity 

Consumption- 

GDP- 

Imports 

1-2 Trace 1 1 2 1 2 

Max-

Eig 

1 1 0 1 1 

Energy 

Consumption- 

GDP- 

Exports 

1-1 Trace 0 0 0 0 1 

Max-

Eig 

0 0 0 1 1 

Energy 

Consumption-  

GDP- 

Imports 

1-2 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 
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Appendix L: Normalized Co-integrating Equations (Part I) 

Log likelihood: 152.4496 

Electricity 

Consumption 

GDP Exports C 

1.000000 -1.995355 0.284528 25.02873 

 (0.09655) (0.10305) (2.22192) 

 [−         ] [3   3   ] [         ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 152.4496 

GDP Electricity 

Consumption 

Exports C 

1.000000 -0.501164 -0.142595 -12.54350 

 (0.02551) (0.04744) (0.54030) 

 [−         ] [−3       ] [− 3       ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 152.4496 

Exports Electricity 

Consumption 

GDP  C 

1.000000 -7.012860 3.514593 87.96579 

 
1.10234 0.63259 13.4282 

 
[−  3     ] [        ] [        ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix L (Cont.): Normalized Co-integrating Equations (Part I) 

Log likelihood: 167.8661 

Electricity 

Consumption 

GDP Imports C 

1.000000 -1.944744 -2.100327 29.82503 

 (0.33938) (0.72347) (7.85593) 

 [−   3    ] [    3   ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 167.8661 

GDP Electricity 

Consumption 

Imports C 

1.000000 -0.514207 1.080002 -15.33622 

 (0.09442) (0.35195) (2.24436) 

 [−        ] [3      3] [−   33   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 167.8661 

Imports Electricity 

Consumption 

GDP  C 

1.000000 -0.476116 0.925924 -14.20018 

 (0.35103) (0.61378) (7.49685) 

 [−  3  3  ] [        ] [−       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 



 

 

 

 

172 

 

Appendix M: Time Series Plots (Part II) 
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Appendix N: VAR results (Part II-Bivariate Models) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Industrial EC- 

GDP 

2 2 1 2 

Mining EC-

GDP 

2 1 1 1 

Fishing EC-

GDP 

2 1 1 1 

Agro-

Industrial EC-

GDP 

2 1 1 1 

Transportation 

EC-GDP 

2 1 1 1 

Rescom EC-

GDP 

2 2 2 2 

Exports-GDP 2 1 1 1 
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Appendix O: Co-integration Test Specifications (Part II-Bivariate Models) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Industrial EC-

GDP 

1-2 Trace 1 1 1 1 2 

Max-

Eig 

1 1 1 1 2 

Mining EC-

GDP 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 

Fishing EC-

GDP 

1-1 Trace 0 0 0 0 1 

Max-

Eig 

0 0 0 1 1 

Agro-

Industrial EC-

GDP 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 

Transportation 

EC-GDP 

 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 
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Model Lag 

intervals 

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Rescom EC-

GDP 

1-2 Trace 2 2 1 0 0 

Max-

Eig 

0 2 1 1 0 

Exports-GDP 1-1 Near Singular Matrix 
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Appendix P: Trivariate Model Construction 

 

Variable 1 Variable 2 Variable 3 Co-integration 

Industrial EC GDP Mining EC Yes 

Industrial EC GDP Fishing EC No 

Industrial EC GDP Agro-Industrial EC No 

Industrial EC GDP Transportation EC No 

Industrial EC GDP Rescom EC Yes 

Industrial EC GDP Exports Near singular matrix 

Note: no co-integration was found in 4-variable model 

 

Variable 1 Variable 2 Variable 3 Co-integration 

Rescom EC GDP Industrial  Yes 

Rescom EC GDP Mining EC Yes 

Rescom EC GDP Fishing EC Yes 

Rescom EC GDP Agro-Industrial EC Yes  

Industrial EC GDP Transportation EC No 

Industrial EC GDP Rescom EC Yes 

Industrial EC GDP Exports Near singular matrix 

Note: no co-integration was found in 4-variable model 
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Appendix Q: VAR Results (Part II-Trivariate Models) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Industrial EC-

GDP-Mining 

EC 

2 2 1 1 

Industrial EC-

GDP-Rescom 

EC 

2 2 1 2 

Rescom EC-

GDP-Fishing 

EC 

2 2 1 2 

Rescom EC-

GDP-Agro-

Industrial EC 

2 2 1 1 

Rescom EC-

GDP-Mining   

EC 

2 2 1 1 
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Appendix R: Co-integration Test Specifications (Part II-Trivariate Models) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Industrial EC-

GDP-Mining 

EC 

1-2 Trace 1 1 1 2 3 

Max-

Eig 

1 1 1 2 1 

Industrial EC-

GDP-Rescom 

EC 

1-2 Trace 1 3 1 2 1 

Max-

Eig 

1 3 1 2 1 

Rescom EC-

GDP-Fishing 

EC 

1-2 Trace 2 3 2 2 1 

Max-

Eig 

2 3 2 2 1 

Rescom EC-

GDP-Agro-

Industrial 

1-2 Trace 1 2 1 1 1 

Max-

Eig 

0 1 1 1 1 

Rescom EC-

GDP-Mining 

EC 

1-2 Trace 0 1 1 2 3 

Max-

Eig 

0 1 1 2 3 
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Appendix S: Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -7.189671 

Industrial EC GDP @TREND(86) 

1.000000 -0.0000181 63784.82 

 -0.0000056 (0.72347) 

 [3  3     ] [            ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -7.189671 

GDP Industrial EC @TREND(86) 

1.000000 -55218.94 -3520000000 

 (169882) -550000000 

 [  3    3] [    ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -7.113254 

Rescom EC GDP 

1.000000 -0.000000508 

 0.00000017 

 [−      3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -7.113254 

GDP Rescom EC 

1.000000 -1968017. 

 (381484.) 

 [−        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

Industrial EC GDP Rescom EC @TREND 

(86) 

1.000000 0.000000 -1.931294 -661.2089 

  (0.21994) (457.237) 

  [−        ] [−        ] 

0.000000 1.000000 -2099527. 3860000000 

  (587126.) 1200000000 

  [−3     3 ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

Rescom EC Industrial EC GDP @TREND (86) 

1.000000 0.000000 -0.00000092 -4212.234 

  (-0.00000051) (1043.66) 

  [−    3   ] [   3    ] 

0.000000 1.000000 -0.000000476 -1838.676 

  (0.00000043) (883.093) 

  [−        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

GDP Industrial EC Rescom EC @TREND (86) 

1.000000 0.000000 -2099527. 3860000000 

  (587126.) (1200000000) 

  [−3     3 ] [3       ] 

0.000000 1.000000 -1.931294 -661.2089 

  (0.21994) 457.237 

  [−        ] [−        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

Industrial EC GDP Mining EC @TREND 

(86) 

1.000000 0.000000 13.47089 -23608.49 

  (1.93413) (2826.20) 

  [      3 ] [  3 3 3 ] 

0.000000 1.000000 5801027 -11800000000 

  (896960) -1300000000 

  [      3 ] [       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

Mining EC Industrial EC GDP @TREND 

(86) 

1.000000 0.000000 0.000000172 -2027.182 

  (-0.0000001) (214.245) 

  [    ] [−        ] 

0.000000 1.000000 -0.00000232 3699.352 

  (-0.00000035) (723.195) 

  [        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

GDP Industrial EC Mining  

EC 

@TREND (86) 

1.000000 0.000000 5801027 -11800000000 

  (896960.) -1300000000 

  [      3 ] [       3] 

0.000000 1.000000 13.47089 -23608.49 

  (1.93413) (2826.20) 

  [      3 ] [  3 3 3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

Rescom EC GDP Fishing  

EC 

1.000000 0.000000 1.572039 

  (0.20370) 

  [       3] 

0.000000 1.000000 2410627. 

  (487255.) 

  [     3  ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

Fishing  

EC 

Rescom EC GDP 

1.000000 0.000000 0.000000415 

  0.000000091 

  [        ] 

0.000000 1.000000 -0.000000652 

  0.0000002 

  [−3   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

GDP Rescom EC Fishing  

EC 

1.000000 0.000000 2410627. 

  (487255.) 

  [     3  ] 

0.000000 1.000000 1.572039 

  (0.20370) 

  [       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

Rescom  

EC 

GDP Agro-Industrial 

EC 

1.000000 -0.000000379 2.751482 

 (0.00000013) (0.87306) 

 [     3  ] [3     3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

Agro-Industrial 

EC 

Rescom  

EC 

GDP 

1.000000 0.363441 -0.000000138 

 (0.05075)   (0.00000005) 

 [     3  ] [−    ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

GDP Agro-Industrial 

EC 

Rescom  

EC  

1.000000 -7252283. -2635773. 

 (2505991) (377871.) 

 [    3   ] [     3  ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

Rescom EC GDP Mining 

EC 

1.000000 -0.000000865 0.669083 

 (0.00000015) (0.20404) 

 [        ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

Mining 

EC 

Rescom  

EC 

GDP 

1.000000 1.494583 -0.00000129 

 (0.18309)   (0.00000015) 

 [    3   ] [   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

GDP Rescom  

EC 

Mining  

EC  

1.000000 -1156566. -773838.7 

 (133089.) (148602.) 

 [        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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초    록 

 

에너지 소비가 페루경제성장에  

미치는 영향에 관하여 

 

 

카를로 마리오 프랑키니 이루호 

기술경영 경제 정책과정 

공과대학 

서울대학교 

 

 

본 논문은 1971년부터 2010년까지의 페루 전력 및 

에너지소비와 국내 총생산(GDP), 수입 및 수출 대비 GDP 등의 

경제변수가 가지는 인과관계의 방향과 장, 단기적 구조관계를 

살펴본다. 본지는 산업, 광업, 어업, 농공업, 교통, 주거, 상업, 
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공공 분야를 아우르는 다양한 경제부문의 전력 소비(1985-

2009)를 분석한다.   

본 연구의 결론은 수출과 전력소비의 단기적 일방향성 

인과관계와 GDP와 수출이 전력소비로 연결되는 장기적 

일방향성 인과관계 및 GDP와 수입이 전력소비로 이어지는 

장기적 일방향성 인과관계를 보여준다. 

 

주요어: (에너지, 전기, 공적분, 그랜저 인과성) 
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The Role of Energy in Economic 

Growth in Peru 
 

Carlo Mario Franchini Irujo 

Technology Management, Economics and Policy Program 

College of Engineering 

Seoul National University 
 

This paper examines the direction of causality and short-term and long-

term structural relationships between electricity or energy consumption and 

different economic variables such as Gross Domestic Product exports and 

imports as a percentage of GDP in Peru from 1971 through 2010. The analysis 

is extended into different economic sectors by incorporating industrial, mining, 

fishing, agro-industrial, transportation, residential and commercial and public 

energy consumption (1985-2009).    

 

The main findings of the study include a short-run unidirectional causality 

from exports to electricity consumption and a long-run unidirectional 

causality running from GDP and exports to electricity consumption as well as 

a long-run unidirectional causality running from GDP and imports to 

electricity consumption. 
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Chapter 1. Introduction 

 

1.1 Problem Description 

 

Peru, an export-oriented economy, is one of the fastest growing and most 

stable economies in Latin America. Peru’s actual export growth during the 

period 2001-2008 (8.3%) stands out as one of the highest in the region 

(Illescas and Jaramillo, 2011). Between 2011 and 2022, the GDP is expected 

to grow approximately 5.4% on average (Apoyo Consultoría, 2011).  

 Peru seeks to broaden its path to commercial integration by actively 

pursuing free trade agreement (FTA) negotiations. To date, FTAs have been 

signed with a number of countries, including Canada, China, the European 

Union, Japan, South Korea, Singapore, the United States, etc. 

 At the same time, Peru’s final energy demand
1
 is expected to 

                                            
1
 Final energy consumption covers all energy supplied to the final consumer for all 

energy uses. (European Environment Agency, 2013).  



 

 

 

 

2 

increase at an average annual rate of 3.1% between 2010 and 2035 (Asia 

Pacific Energy Research Centre, 2013). In the electricity sector, recent years 

have seen a risk of power cuts or service limitations (World Bank, 2010). 

 The Government has already established an energy savings goal of 

15% for the period 2010-2040, from a 2010 baseline (Ministerio de Energía 

y Minas et al., 2012). Also in 2010, Peru established a General Directorate of 

Energy Efficiency. 

 In this context, a clear understanding of the structural relationship 

among energy or electricity consumption, GDP growth, and trade promotion 

policies represents a tool for crafting energy conservation policies, especially 

when this analysis has already been conducted for a number of emerging 

economies. 

 To the best knowledge of the author of this paper, however, few 

studies have analyzed causal relationships between energy or electricity 

consumption and economic growth in Peru, and all of these factors at an 
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aggregate level. 

 

1.2 Research Questions 

 

The aim of this study is to address the following research questions:  

 Was there any causal relationship among electricity or energy 

consumption, economic growth and exports or imports as a 

percentage of GDP in Peru during the period 1971-2011?  

 Is there any long-term and short-term structural relationship among 

these variables?  

 Was there any causal relationship between energy consumption and 

GDP in Peru during the period 1985-2009?  

 Is there any long-term and short-term structural relationship among 

these variables?  
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 What is the direction of causality and long-term and short-term 

structural relationship between energy consumption and GDP in 

different economic sectors? 

 

1.3 Research Objective 

 

Understanding both the short- and long-term structural relationships and 

identifying the direction of causality between electricity and energy 

consumption and different economic variables is important to the successful 

crafting of appropriate energy conservation policies that will be essential to 

sustaining Peru’s economic development. 

 

1.4 Motivation 

 

This study attempts to provide an effective tool to aid in the design of 

adequate energy and electricity conservation policies, based on the direction 
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of causality, long-term, and short-term structural relationships, without 

adversely affecting GDP growth or trade liberalization policies. 

 

1.5 Limitations 

 

Even though the power of unit root tests and co-integration tests is low, with 

short data spans of 20 to 30 observations (Mishra et al., 2009), the number of 

observations available for the second part of the methodology is 25.   

 

1.6 Research Structure 

 

Chapter 1 introduces the study. Chapter 2 presents the study background, 

including an introduction to Peru’s economy, electricity and energy sectors. 

Chapter 3 develops the theoretical framework and hypothesis. Chapter 4 sets 

forth the literature review.  
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 The methodology is divided into two parts:     

A. Part I (Chapter 5): examines the direction of causality and short- and 

long-term structural relationships among electricity or energy consumption, 

GDP and imports and exports at the aggregate level during the period 1971-

2011. The following models are analyzed:  

 Model 1: Electricity Consumption-GDP-Exports 

 Model 2: Electricity Consumption-GDP-Imports 

 Model 3: Energy Consumption-GDP-Exports 

 Model 4: Energy Consumption-GDP-Imports 

B. Part II (Chapter 6): builds on the results of Part I and attempts to 

extend the analysis to the sector level, using official data on energy 

consumption available for different economic sectors between 1985 and 

2009, including industrial, mining, fishing, agro-industrial, transportation, 

residential and commercial, public. The following models are analyzed: 
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 Model 1: Industrial Energy Consumption (Industrial EC)-GDP. 

 Model 2: Residential and Commercial Energy Consumption 

(Rescom EC)-GDP. 

 Model 3: Industrial EC-GDP-Mining Energy Consumption (Mining 

EC). 

 Model 4: Industrial EC-GDP-Rescom EC. 

 Model 5: Rescom EC-GDP-Agro-Industrial Energy Consumption 

(Agro-Industrial EC). 

 Model 6: Rescom EC-GDP-Fishing Energy Consumption (Fishing 

EC). 

 Model 7: Rescom EC-GDP-Mining EC. 

 The empirical results of Part I are presented in Chapter 7, while the 

empirical results of Part II are presented in Chapter 8. Chapter 9 is devoted 
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to policy implications, and Chapter 10 develops the conclusions.     
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Chapter 2. Study Background 

 

2.1 The Peruvian Economy 

 

Peru is an upper-middle-income economy (World Bank, 2013) which has 

experienced exceptional economic growth over the last decade, emerging as 

one of the fastest growing and most stable economies in the region, while 

doubling in size between 2002 and 2012 (International Monetary Fund, 

2013). At constant prices, Peru’s GDP grew at an average annual rate of 5.7% 

between 2000 and 2010, and it is expected to grow at an average annual rate 

of 4.8% between 2010 and 2035 (Asia Pacific Energy Research Centre, 

2013). 

 As of 2011, services accounted for 39% of the Gross Domestic 

Product (GDP), followed by commerce and manufacturing at 15% each (see 

Figure 1 and Appendix A). Historically, Peru’s economy has been tied to 
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exports, which have provided the hard currency needed for imports and 

external debt payments (Thorp and Bertram, 1978). 

 Peru has successfully utilized export promotion strategies to achieve 

a high rate of growth and, according to KPMG (2013), Peru’s openness to 

foreign trade is one of the country’s favorable attributes as a business 

location. Peru has also secured multiple free-trade agreements (FTAs) with 

countries such as Canada, China, the European Union, Japan, South Korea, 

Singapore and the United States. 

 Peru’s exports fall into two main categories: traditional and non-

traditional. Traditional exports, which constituted around 77% of total 

exports in 2011, include petroleum and derivatives, minerals, agricultural 

goods and fish meal, all historically exported commodities. Within this 

category, minerals are most important to the national economy, as depicted 

in Figure 2. In 2011, Peru was the world’s third largest producer of copper, 

silver and zinc, and the sixth largest producer of gold (U.S. Geological 
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Survey, 2013).  

 Non-traditional exports consist of more recently developed products 

(approximately, since the 1980s). They are elaborations of traditional raw 

materials (e.g., copper wires) or based on the relative abundance of natural 

resources such as timber (Illescas and Jaramillo, 2011).  

 Imports mainly include raw materials, intermediate goods, and 

capital goods acquired mostly for industry. Also, as of 2011, a growing trend 

towards importing consumer goods, both non-durable and durable, 

represents 18% of total imports (see Figure 3 and Appendix C). 
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Figure 1: Gross Domestic Product by Sectors: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 

 

Figure 2: Traditional Exports of Peru: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 
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Figure 3: Imports of Peru: 1971-2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 

 

2.2 Energy Sector in Peru 

 

In 2009, the total final energy consumption in Peru was 608,601 TJ, from the 

folowing sources:  

 61.5% oil, natural gas and coal. 

 17.6% electricity. 
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 14.6% firewood, yareta and animal dung2. 

 4.0% mineral coal and its derivatives. 

 2.3% bagasse and charcoal. 

 0.05% solar energy (see Figure 5 and Appendix E) (Ministerio de 

Energía y Minas, 2009). 

 In 2009, with respect to total final energy consumption by sectors, 

the transportation sector was the highest consumer of energy (see Figure 4 

and Appendix D), representing 39% of the total final energy consumption. 

The second largest energy consumer was the residential and commercial 

sector (28%), followed by the industrial sector (19%) (Ministerio de Energía 

y Minas, 2009).    

 Between 1985 and 2009, Peru experienced an average annual 

                                            
2
Yareta (Azorella compacta, also known as "Llareta" in Spanish or Azorella yareta 

in the past) is a tiny flowering plant in the family Apiaceae, which is native to South 

America, occurring in the Puna grasslands of the Andes in Peru, Bolivia, the north of 

Chile and the west of Argentina at between 3,200 and 4,500 meters altitude 

(Wikipedia, 2013) 

http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Apiaceae
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/Puna_grassland
http://en.wikipedia.org/wiki/Andes
http://en.wikipedia.org/wiki/Peru
http://en.wikipedia.org/wiki/Bolivia
http://en.wikipedia.org/wiki/Chile
http://en.wikipedia.org/wiki/Argentina
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growth rate in final energy consumption of 4.6%, which breaks down as 

follows:  

 In the residential and commercial sectors, the average annual rate of 

energy consumption decreased by 0.17%. 

 In the public sector, it increased by 1.19%. 

 In the transportation sector, it increased by 4.0%. 

 In the agro-industrial sector, it decreased by 0.85%. 

 In the fishing sector, it increased by 1.4%. 

 In the mining sector, it increased by 1.8% 

 In the industrial sector it increased by 2.4% (Ministerio de Energía y 

Minas, 2009). 

 Regarding the consumption pattern between 1985 and 2009, the 

primary source of energy in the residential and commercial sectors was 
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firewood, used mainly for cooking with an efficiency of approximately 10%. 

Demand for electricity and Liquified Petroleum Gas (LPG) increased 26.8% 

and 16.9%, respectively, whereas kerosene consumption decreased 

considerably from 2004 to 2009 because of increases in excise tax levied on 

kerosene in recent years. The demand for natural gas in the residential and 

commercial sectors was still incipient in comparison to that of the 

transportation and industrial sectors (Ministerio de Energía y Minas, 2009). 

 During the same period, the public sector saw an decreased demand 

for diesel and jet fuel (Ministerio de Energía y Minas, 2009). 

 In the transportation sector, the main fuel consumed for road 

transport was diesel, and consumption of industrial fuels for maritime fleets 

decreased. LPG and natural gas consumption increased in this sector; 

however, in 2009, this consumption was still relatively low in comparison to 

other hydrocarbons (Ministerio de Energía y Minas, 2009). 

 In the agro-industrial sector, where it is used as a fuel source for 
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sugar mills, to generate vapour inside boilers for self-electricity generation, 

consumption of bagasse prevails and substitutes for the use of hydrocarbons 

(Ministerio de Energía y Minas, 2009). 

 In the fishing sector, fuel oil was the main fuel consumed, with 

natural gas being used in the north of Peru since 2003 (Ministerio de Energía 

y Minas, 2009). 

 In the mining sector, diesel, fuel oil and electricity were the most 

often consumed sources of energy and, in 2009, use of natural gas in this 

sector was still very incipient (Ministerio de Energía y Minas, 2009). 

 According to Ministerio de Energía y Minas (2009), it can be argued 

that Peru is currently in the process of industrialization because in the 10 

years between 1999 and 2009, energy consumption in this sector grew at an 

average annual rate of 4.47%. The industrial sector is well diversified in 

terms of energy consumption because it makes use of almost all of the 

national energy basket: mineral coal, electricity, fuel oil; and, from 2004 
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onwards, natural gas, which represented 15.9% of this sector’s energy 

consumption in 2009 (Ministerio de Energía y Minas, 2009). 

 Between 2010 and 2035, in the business-as-usual (BAU) scenario, 

Peru’s final energy demand (excluding the international transport sector) is 

expected to increase at an average annual rate of 3.1%. During this same 

period, energy demand is expected to increase at an average annual rate of 

3.4% in the industrial sector, 2.6% in the transportation sector, and 2.6% in 

the residential, commercial and agriculture sectors (Asia Pacific Energy 

Research Centre, 2013).   
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Figure 4: Total Energy Consumption by Sectors: 1985-2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 

 

Note: “Others” includes solar, industrial gas and charcoal.  

 Figure 5: Total Energy Consumption Composition: 1985-2009.  

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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2.3 Electricity Sector in Peru 

 

Until the early 1990s, Peru’s power sector represented a vertically integrated 

public monopoly which encompassed generation, transmission and 

distribution of electricity. Between 1991 and 1993, however, the power sector, 

underwent a structural reform process, and a modern legal and regulatory 

framework was established by the Electricity Concessions Law (ECL) of 

1992-93 (Giugale et al., 2006). The new legal framework modified the role of 

the state from owner and operator to policymaker, rule maker, regulator, and 

concession grantor, while promoting a private-sector-led development. In 

terms of planning, the role of the state was limited to basic planning and 

ceased to be “mandatory” as had previously been the case (World Bank, 2010).   

 Reforms included unbundling of vertically integrated utilities, 

organizing the wholesale system operator, and establishing an independent 

sector regulator in the form of the Supervisory Body on Investment in Energy 
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and Mines (OSINERGMIN)
3
. Simultaneously, a privatization and concession 

process resulted in the transfer of major sector assets from public to private 

ownership, together with the management and operation of the main 

electricity facilities. During the privatization period, 1994-1997, 70 percent of 

generation capacity, 100 percent of transmission capacity and 45 percent of 

the distribution market were transferred into private hands (Vagliasindi and 

Besant-Jones, 2013). 

 The reform also established the system operator, the Interconnected 

System Economic Operation Committee (COES)
4
. This entity manages the 

wholesale electricity among participating generation companies, transmission 

companies and large users or “free clients.” It carries out the real-time 

dispatch of generation supply, following a cost-based merit procedure, 

independently of bilateral contracts or the results of generation auctions. 

COES establishes payment obligations among generators, distributors, and 

                                            
3
Organismo Supervisor de la Inversión en Energía y Minería, for its Spanish 

acronym. 
4
Comité de Operación Económica del Sistema Interconectado, for its Spanish 

acronym. 
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large companies, according to their individual balance of energy dispatch.  

 The ability of large consumers or “free clients” (whose maximum 

annual electricity demand is equal to or more than 2500 kWh) to negotiate 

their electricity rates and quantities directly with their suppliers (either 

generators or distributors), through bilateral contracts further contributed to 

industry-wide competition. This is considered the “free market,” because 

terms and conditions of these electricity supply contracts can be freely set. 

Large users can also participate in supply auctions to contract for the supply 

of distribution companies. Electricity for small retail or regulated users (those 

whose maximum annual demand is less than 2500 kWh) is supplied by 

distribution companies at regulated prices.   

 The country’s electricity requirements are met via two general 

systems:  
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I. SEIN: National Interconnected System, which supplies public 

service system generation to its users through transmission and 

distribution networks. 

II. Isolated Systems: Several electricity systems not connected to the 

system network. 

 Both the SEIN and isolated systems generate thermal and hydraulic 

electricity; however, isolated system electricity generation is largely thermal, 

and the SEIN system is relatively evenly balanced between hydraulic and 

thermal. The SEIN and isolated systems provide electricity for both public 

service and self-generation, although most of SEIN electricity is for the public 

service, whereas isolated systems electricity is produced and consumed 

largely by private users (mainly large mining and industrial consumers). It is 

within the SEIN system that the “free market” operates.  

 In 2010, about 85% of Peru’s total installed power capacity 

(8613MW) was generated for public service via SEIN and 15% for on-site 
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power systems (Ministerio de Energía y Minas, 2010). Self-generation has 

always been an important component of overall electricity 

generation/consumption because mining and hydrocarbon activities take 

place in remote areas where an extension of the SEIN is neither 

economically nor technically feasible. Until 1997, self-generation accounted 

for an approximate average of 21% of total electricity generation. Between 

1998 and 2007, expansion of the interconnected system brought about a 

decrease of self-generation to an average of 12% of total generation 

(Vagliasindi and Besant-Jones, 2013). In 2010, approximately 86 small self-

generation enterprises provided electricity to “large” mining, hydrocarbon, 

manufacturing, fish meal and agricultural users (Ministerio de Energía y 

Minas, 2010).  

 From 2000 to 2011, consumption of electricity in Peru grew at an 

average annual rate of 6.0% (Ministerio de Energía y Minas, 2011). With 

respect to total electricity consumption by sectors, the residential and 
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commercial sector is the highest energy consumer (see Figure 6 and 

Appendix F) representing 44% of 2009’s total electricity consumption. In 

that same year, the industrial sector was the second largest energy consumer 

(28%), followed by the mining sector (25%). 

 During recent years, the government of Peru has implemented 

regulations designed to improve the functioning of the electricity sector. For 

example, a new generation tariff was initiated to increase incentives for 

generators to invest. Moreover, the electricity sector has been operating at 

bare capacity margins. In 2008, Peru’s electricity margin reserve became 

critical with a reserve margin of only 16%, taking into account the system’s 

firm power capacity during the dry season (World Bank, 2010).  

 Between 2010 and 2035, Peru’s average electricity demand is 

expected to increase by an annual percentage of 3.7% and, as a share of 

projected total energy, the demand for electricity is expected to increase from 

18% in 2009 to 23% in 2035. In 1990, the share was 12% (Asia Pacific 
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Energy Research Centre, 2013).     

 

Figure 6: Electricity Consumption by Sectors: 1985-2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 

 

2.4 Energy Efficiency in Peru 

 

The Peruvian Government has actively sought energy efficiency since the 

1980s and 1990s through creation of the Energy and Environment Centre 

(CENERGIA) in 1986 and the Energy Conservation Program (PAE) in 1994 
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(Asia Pacific Energy Research Centre, 2012). 

 The Law for the Promotion of Efficient Use of Energy of 2000 (Law 

N°27345), released on September 8, 2000, empowered the Ministry of 

Energy and Mines as the body responsible for energy efficiency issues in 

Peru, including promotion of a culture directed towards efficient deployment 

of energy resources, coordination of energy efficiency policy with the rest of 

the sector and public and private entities, promotion of the creation of 

Energy Service Companies (ESCOs), among other responsibilities (Asia 

Pacific Energy Research Centre, 2012). 

 As a result of this energy efficiency promotion policy, the 

Government has elaborated on the Referential Plan for the Efficient Use of 

Energy 2009-2018, the current instrument that guides energy efficiency 

matters for the Peruvian energy sector (Asia Pacific Energy Research Centre, 

2012). 

 The Referential Plan for the Efficient Use of Energy contemplates 
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goals in four sectors: residential, industrial, public and transportation. 

Energy efficiency improvements were taken from the energy demand point 

of view (Asia Pacific Energy Research Centre, 2012). 

 The General Directorate of Energy Efficiency was created in 2010 as 

a technical regulatory body dependent on the Vice-Ministry of Energy, and it 

is in charge of Energy Efficiency and all matters mentioned in the Law 

N°27345 (Asia Pacific Energy Research Centre, 2012). 

 During recent years, the Ministry of Energy and Mines has carried 

out a strategic review of Peru’s energy sector with a 30-year horizon. Its aim 

is to support formulation of sector policies and ensure the adequacy of the 

regulatory framework to serve as a reference for the different stakeholders in 

the Peruvian energy sector. Two key results of this work are the New 

Sustainable Energy Matrix for Peru (NUMES) and Strategic Environmental 

Assessment (SEA). This study also updated the Referential Plan for the 

Efficient Use of Energy 2009-2018, considering plans for other sectors (Asia 
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Pacific Energy Research Centre, 2012). 

 For the period 2010-40, the government of Peru has established a 15% 

energy savings goal (3401 PJ) for the residential, industrial (productive and 

services), commercial and public, transportation and other sectors, starting 

from a 2010 baseline, and without affecting the production of goods and 

services in the economic sectors or quality of life in the residential sector 

(Ministerio de Energía y Minas et al., 2012). Implementation of the Energy 

Efficiency Plan requires an investment of 25.9 billion US dollars, and it is 

expected to generate 94.8 billion US dollars in savings (Asia Pacific Energy 

Research Centre, 2012). 

 

2.5 Energy-GDP interactions 

 

From 1985 to 2008, the average annual growth rate in final energy 

consumption was 1.24%, while that of GDP was 2.99%. The elasticity 
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energy consumption-GDP for the same period was 0.41, suggesting that the 

increase in GDP is higher than that of energy consumption, which shows that 

current economic processes are more efficient (APEC Energy Working 

Group, 2011). On the other hand, from 1995 to 2010, Peru’s energy intensity 

decreased from 8.90 TJ/10
6
 (constant 2000 US$) to 7.07 TJ (constant 2000 

US$), exhibiting a decreasing trend. The decreased use of energy per unit of 

economic output could be explained by a shift in energy use from fuels, such 

as oil, to higher quality fuels, such as natural gas (Stern, 2003). 

 The economic sectors with the largest final energy consumption are 

transportation, residential and commercial and industrial (see Appendix D). 

Together, these three sectors accounted for approximately 38% of Peru’s 

GDP in 2009. Final energy consumption in the transportation sector, for 

example, showed a robust increase of 21.7% between 2007 and 2008, and 

8.9% between 2008 and 2009, due to the import of vehicles and vehicle sales 

in the national market, which resulted in Peru importing diesel to satisfy 
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domestic demand (APEC Energy Working Group, 2011; Ministerio de 

Energía y Minas, 2009).    

 On the other hand, electricity is also a major source of energy in 

Peru’s residential and commercial and industrial sectors, and also in the 

mining sector (see Appendix F). Together, these three sectors accounted for 

approximately 35% of Peru’s GDP (see Appendix A), while mining alone 

represented 76% of Peru’s traditional exports in 2009 (see Appendix B). 

 The mining sector represented 25% of the country’s 2009 electricity 

consumption (see Appendix F). Moreover, electricity consumption is 

expected to grow at an average rate of 5.3% from 2012 to 16, mainly due to 

demand from the rapidly expanding mining sector (Business Monitor 

International, 2012).This suggests that electricity consumption does play an 

important role in both Peru’s GDP and its exports through mining sector 

contributions. 

 Large mining companies are the main users of self-generated 
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electricity (Vagliasindi and Besant-Jones, 2013), and self-generation 

companies are owned mostly by mining companies. This is because these 

companies operate in remote locations, which are difficult to connect to the 

national grid. In 2010, approximately 42 of 86 self-generation enterprises 

were linked to the mining sector, generating approximately 24% of the total 

on-site power, 473,967 MWh (author’s calculation with data from Ministerio 

de Energía y Minas (2010)). 

 The relative importance of the impact of mining activities on 

electricity consumption can also be observed in the “free market.” In 2007, 

58 out of 254 companies participating in the “free market” were mining 

companies, consuming 11,330 Gigawatts-hour (GWh), 55 percent of the 

total electricity consumption (World Bank, 2010).  
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2.6 Government Energy Policy 

 

 The Ministry of Energy and Mines is the body of the Peruvian 

government which is responsible for formulating and evaluating energy and 

mining policies. 

 Peru’s National Energy Policy for the period 2010-2040, approved 

with DS 064-2010-MS, defines energy policy objectives including having a 

diversified energy mix with emphasis on renewable energy sources and 

energy efficiency, universal access to energy services, development of an 

energy sector with minimum impact on the environment and low carbon 

emissions, strengthened energy sector institutions, and others (Diario Oficial 

El Peruano (Official Gazette), 2010). 
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Chapter 3. Theoretical Framework and 

Hypothesis 

 

3.1 Theoretical Framework 

 

One school of economic thought considers energy one of the basic elements 

of production. The relationship between electricity consumption and GDP 

growth literature is less voluminous than that concerning the energy-GDP 

nexus, but equally important for policy makers. According to Payne (2010), 

electricity plays a crucial role in production with evidence of a strong 

correlation between electricity consumption and economic growth in 100 

countries, as described by Ferguston et al. (2000). Moreover, Pao (2009) 

argued that electricity is the most flexible form of energy and constitutes one 

of the vital infrastructural contributors to socioeconomic development.  
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 The present study extends beyond the literature to examine the 

nexus between energy or electricity consumption and GDP by incorporating 

exports and imports as a percentage of Peru’s GDP. At the time of this 

writing, papers by Sadorsky (2011, 2012), Lean and Smyth (2010a; 2010b), 

and Narayan and Smyth (2009) appear to be the only published papers 

specifically examining the causal relationship between energy or electricity 

consumption, economic growth and exports or imports within one 

multivariate model. This trivariate framework marries the Granger causality 

literature on the energy-GDP and exports-GDP nexus (Narayan and Smyth, 

2009).  

 

3.1.1 Energy Consumption and Economic Growth 

 

 Neoclassical economics, which represents the mainstream school or 
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paradigm of economics, is characterized by mathematical models based on 

optimization by individual producers and consumers. Neoclassical 

economics considers goods such as materials and fuels as intermediate 

inputs
5
; while capital, labor, and land are primary factors of production 

(Stern, 2004). 

 Neoclassical economics downplays the role of energy in economic 

production because of the implications of thermodynamics for economic 

production and the economy’s long-term prospects. The basic economic 

growth model is the Solow model, which does not include resources at all 

(Stern, 2004). 

 Technical change can uncouple economic growth from resources. 

According to the neoclassical growth theory, the only reason behind 

continuing economic growth, is technological progress which results in 

                                            
5
 Primary factors of production are inputs that exist at the beginning of the period 

under consideration and are not directly used up in production (though they can be 

added to and degraded); intermediate goods are those created during the period 

under consideration and are used up entirely in the production (Stern, 2004). 
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better quality or greater output quantities produced from the same amount of 

input. Hence, growth in the face of finite resources would be possible as a 

result of technological change (Stern, 2004). 

 Substitution can also uncouple economic growth from resources 

because degraded environmental resources or depleted resources can be 

replaced by “equivalent” forms of human-made capital (machines, factories, 

etc.) or more abundant substitutes. The elasticity of substitution (σ) between 

inputs from the environment, like natural resources, and human-made capital 

show how much one input must be increased to compensate for a reduction 

in other inputs to maintain the same production level. Mainstream 

economists assume that sustainability is technically feasible (Stern, 2004).  

 Ecological economics, a transdisciplinary field of economics which 

includes ideas from economics, natural sciences, and other social sciences, 

aims to address the broad question regarding the use of energy resources by 

society (Stern, 2004).    
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 Ecological economics considers the alternative viewpoint that 

energy is also an essential production factor. Criticism of the mainstream 

theory of growth, which focuses on capital and labor, is based on limits in 

technological progress as a means of mitigating the scarcity of resources 

since, according to the first law of thermodynamics (the conservation law), 

minimum material input requirements are necessary for any production 

process producing material outputs. Also to be considered are limits to the 

substitution of other production factors, such as manufactured capital, for 

energy, since a minimum amount of energy is needed to carry out the 

transformation of matter according to the second law of thermodynamics 

(efficiency law) (Stern, 2004). 
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3.1.2 Economic Growth and Trade 

 

 According to the export-led hypothesis, export growth is causally 

prior to GDP growth. A number of reasons explain this causality. First, 

exports increase GDP because they are a component of GDP in national 

accounting. However, on a deeper level, export expansion and trade 

openness can be a source of positive externalities such as increased 

efficiency of the economy resulting from scale increases, which can be seen 

as a form of technological progress; international economies of scale; and a 

procompetitive effect stimulated by international competition (Helpman and 

Krugman, 1985). These technological improvements increase GDP by 

increasing total factor productivity (TFP) in the Solow-Swan growth 

accounting framework (Lean and Smyth, 2010a).  

 A competing hypothesis, proposed by Kravis (1970), portrays the 

role that trade plays as a “handmaiden of growth” rather than an “engine of 
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growth,” which is considered one among many factors affecting growth, and 

unlikely to be the dominant variable in many instances. Moreover, Jung and 

Marshall (1985) argued that important primary causal factors (e.g., learning 

and technological change) behind the unbalanced growth of a few industries 

on a national level may be unrelated to any export-promoting incentives. 

Due to unbalanced growth, where production grows faster than local demand, 

these booming industries may naturally turn to foreign markets to sell their 

goods. There is also the possibility of a feedback relationship between 

economic growth and exports whereby exports are important in explaining 

changes in economic growth and vice versa; or a neutral relationship with no 

statistically significant relationship among the variables (Sadorsky, 2012).  

 On the other hand, the import-led growth hypothesis postulates that 

imports can play a significant role in affecting the domestic economy. The 

transfer of technology and factors of production into the domestic economy 

through imported goods can increase domestic production (Sadorsky, 2012). 
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Imports provide domestic firms access to knowledge and foreign technology 

(Grossman and Helpman, 1991). Imports can be a source of productivity 

growth in the domestic marketplace resulting from the use of technology 

intensive intermediate factors of production, foreign R&D knowledge and 

increased efficiency through foreign competition (Sadorsky, 2012). 

 

3.1.3 Energy Consumption and Trade 

 

 Theoretically, exports can affect energy consumption due to a 

number of reasons. For example, export expansion causes an increase in the 

demand for production factors (capital, labor, energy) used to produce the 

exports. Once the exports have been produced, machinery and equipment, 

which require energy to operate, are needed for the processing and 

transportation of goods to seaports and airports. Increases in exports lead to 

greater economic activity in export-oriented sectors of the economy, and this 
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should lead to an increase in the demand for energy (Sadorsky, 2012). 

 It is also possible that energy consumption may affect exports 

because energy can represent a significant input into production of goods to 

be exported. It is also likely that a feedback relationship exists in which 

energy offers an important explanation for changes in exports and vice versa; 

or a neutral relationship, with minor correlation between both variables 

(Sadorsky, 2012). 

 Furthermore, imports can affect energy demands. For example, a 

transportation network is needed to move imported goods around the country, 

and this requires energy. Besides, energy consumption can be affected by the 

composition of imports if, for example, the imports are energy intensive 

products like dishwashers or automobiles. Moreover, there is also the 

possibility of energy consumption affecting the flow of energy-dependent 

imported goods such as machinery or equipment, since a lack of accessible 

energy in a particular country may reduce the usefulness and efficiency of 
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the machines, making them less desirable for import. It is also possible that a 

feedback relationship between imports and energy or a neutral relationship 

between the two variables exists (Sadorsky, 2012). 

 

3.2 Competing Hypothesis 

 

The relationship between energy consumption and GDP is examined because 

its different policy implications are based on four competing hypotheses, 

also considered in the electricity use-GDP nexus literature.  

 First, if causality runs from energy consumption to economic growth 

(“growth hypothesis”), then energy conservation-oriented policies should not 

be encouraged because they would have a detrimental effect on income. The 

growth hypothesis suggests that energy plays an important role in the 

production process both directly and as a complement to capital and labor 
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(Payne, 2008; Ozturk, 2010). A country in which causality runs from energy 

consumption to economic growth is said to be energy dependent (Ozturk et 

al. 2010).  

 Second, if causality runs from economic growth to energy 

consumption (“conservation hypothesis”), then energy conservation policies 

could be adopted but exert little or no effect on economic growth.  

 Third, in the case of bidirectional causality between the two 

variables (“feedback hypothesis”) a reduction or increase in energy 

consumption may reduce or increase economic growth accordingly, and a 

reduction or increase in economic growth may correspondingly reduce or 

increase energy consumption. In such case, economic growth and energy 

consumption are affected at the same time and jointly determined (Ozturk, 

2010).  

 Fourth, if there is no causal relationship between the variables 

(“neutrality hypothesis”), energy consumption may have no impact on 
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economic growth. In this case, there is no correlation between the two 

variables (Ozturk, 2010). 

 The second set of competing hypotheses contemplates the 

relationship between energy or electricity consumption and trade (exports or 

imports). If causality runs from energy consumption to trade, or if there is 

bidirectional causality between the two variables, a reduction of energy 

consumption could have an adverse effect on trade as an engine of economic 

growth. In this respect, energy conservation policies which reduce energy 

consumption could have a negative effect on trade liberalization policies 

designed to promote economic growth.  

 On the other hand, if there is causality from trade to energy or 

electricity consumption or no causality between the variables, energy 

conservation policies can be expected to have no effect on trade promotion 

policies designed to increase economic growth (Lean and Smyth, 2010a; 

Narayan and Smyth, 2009).  



 

 

 

 

46 

Chapter 4. Literature Review 

 

Extensive empirical literature investigates potential structural linkages 

between energy consumption and economic growth; however, a strong 

conclusion of all the existing studies is that they have yielded mixed results 

in terms of the hypothesis on causal relationships. Causes for the dispute 

about the direction of causality in the energy-growth nexus literature can be 

attributed to such factors as using different data for the same country sample 

or the same data for a different country sample, using different time periods 

and using different analysis techniques to examine the causality (Dedeoglu 

and Huseyin, 2013). Ozturk (2010), who reviewed the literature from 1978 

to 2009, mentioned that the diverse results arise because of different data 

sets, alternative econometric methodologies and different countries’ 

characteristics such as different indigenous energy supplies, different 

political and economic histories, different institutional arrangements, 
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different cultures and different energy policies. 

 

4.1 Energy Consumption and Economic Growth 

 

Empirical studies of the relationship between energy consumption and 

economic growth can be divided into two major groups: country-specific 

studies and multi-country studies. No clear trends have been found in the 

literature to address the direction of causality in either single or multi-

country studies. 

 Bidirectional causality between energy consumption and economic 

growth was found in Taiwan (Hwang and Gum, 1991), Korea (Glasure, 

2002), Greece (Hondroyiannis et al., 2002), India (Paul and Bhattacharya, 

2004), Turkey (Erdal et al., 2008), South Africa (Odhiambo, 2009), and 

Tunisia (in the long-run) (Belloumi, 2009).   
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 Other studies revealed unidirectional causality running from energy 

consumption to economic growth in the United States (Bowden and Payne, 

2009; Stern, 2000), Korea (Oh and Lee, 2004) and Taiwan (Lee and Chang, 

2005). 

 In addition, evidence of unidirectional causality running from 

economic growth to energy consumption was found in Iran (Zamani, 2007), 

Turkey (Karafil, 2008), Malaysia (Ang, 2008), and China (Zhang and Cheng, 

2009). 

 No causality between energy consumption and economic growth 

was found in Turkey (when unrecorded economy is taken into account) 

(Karafil, 2008) and USA (Payne, 2009; Yu and Jin, 1992).   

 Regarding multi-country studies, Cheng (1997), who analyzed the 

causal relationships between energy consumption and economic growth in 

Brazil, Mexico and Venezuela, found no causal relationship between energy 

consumption and economic growth in Mexico and Venezuela; whereas 
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energy was found to cause economic growth in Brazil. 

 Chang and Soruco Carballo (2011), who investigated causal 

relationships among energy consumption, economic growth and carbon 

emissions in twenty Latin American and Caribbean countries between 1971 

and 2005, found evidence of short-run unidirectional Granger causality from 

energy consumption to economic growth in Peru, using the standard Granger 

causality test. 

 There are also a number of studies on the relationship between 

energy consumption at a disaggregated level (by sectors) and economic 

growth. In Greece, Hondroyiannis et al. (2007) found a bidirectional 

causality between energy consumption and GDP, as well as between 

industrial energy consumption and GDP; and a unidirectional causality 

running from residential energy consumption to GDP in the long-run.  

 Fatai et al. (2004) found short-run evidence of unidirectional 

Granger causality running from real GDP to aggregate final energy 
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consumption and from real GDP to industrial and commercial energy 

consumption in New Zealand and Australia.   

 On the other hand, empirical studies on the relationship between 

electricity consumption and economic growth can also be divided into two 

major groups: country-specific studies and multi-country studies. As in the 

case of energy, the causality relationship remains ambiguous.  

 Bidirectional causality between electricity consumption and 

economic growth was found in Taiwan (Yang, 2000), Malawi (Jumbe, 2004), 

Cyprus (Zachariadis and Pashourtidou, 2007), Malaysia (Tang, 2008), South 

Africa (Odhiambo, 2009), and Burkina Faso (Ouedraogo, 2010).  

 However, other studies have revealed unidirectional causality 

running from electricity consumption to economic growth in Pakistan (Aqeel 

and Butt, 2001), Turkey (Altinay and Karagol, 2005), Taiwan (Lee and 

Chang, 2005), China (Shiu and Lam, 2004), Korea (Yoo, 2005), Fiji Islands 

(Narayan and Singh, 2007), Malaysia (Chandran et al., 2010), and Tanzania 
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(Odhiambo, 2009).  

 In addition, evidence of unidirectional causality running from 

economic growth to electricity consumption was found in Australia 

(Narayan and Smyth, 2005), Indonesia (Yoo and Kim, 2006), Hong Kong 

(Ho and Sui, 2007), Bangladesh (Mozumber and Marathe, 2007), India 

(Ghosh, 2000), and Pakistan (Jamil and Ahmad, 2010). 

 Wolde-Rufael (2006) investigated the causality relationship between 

electricity consumption and economic growth in 17 African countries from 

1971 to 2001. The results revealed evidence of unidirectional causality 

running from consumption of electricity to economic growth in Benin, the 

Democratic Republic of Congo, and Tunisia; while unidirectional causality 

running from economic growth to electricity consumption was found in 

Cameroon, Ghana, Nigeria, Senegal and Zimbabwe. Feedback relationships 

were found in Egypt, Gabon and Morocco; while evidence that no causal 

relationship existed was found in Algeria, Republic of Congo, Kenya, South 
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Africa and Sudan.  

 Chen et al. (2007) tested the causality relationship between 

electricity consumption and economic growth in 10 newly industrializing 

and developing Asian countries (Thailand, Taiwan, Singapore, the 

Philippines, Malaysia, Korea, Indonesia, India, Hong-Kong, and China) 

during the period of 1971 to 2001, from both single and panel data. 

Empirical results from the panel data showed evidence of bidirectional long-

run causality between electricity consumption and economic growth and 

unidirectional short-run causality running from economic growth to 

electricity consumption, while the reverse relationship was found not to exist. 

 Squalli (2007) assessed the relationship between electricity 

consumption and economic growth for 11 OPEC members (Venezuela, 

United Arab Emirates, Saudi Arabia, Qatar, Nigeria Libya, Kuwait, Iraq, 

Iran, Indonesia, and Algeria) covering the period from 1980 to 2003. 

Evidence of a long-run relationship between electricity consumption and 
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economic growth was found for all OPEC members. Unidirectional causality 

running from economic growth to electricity consumption was found in 

Algeria, Iraq, Kuwait and Libya; unidirectional causality running from 

electricity consumption to economic growth was noted in Indonesia, Nigeria, 

UAE and Venezuela; while feedback relationships were discovered in Saudi 

Arabia, Qatar and Iran.  

 Yoo and Kwak (2010) shed light on the relationship between real 

GDP and electricity consumption in a panel of seven South American 

countries (Venezuela, Peru, Ecuador, Colombia, Chile, Brazil, Argentina) 

during the years from 1975 to 2006, with mixed results across countries. 

Unidirectional short-run causality running from electricity consumption to 

GDP was found in Argentina, Brazil, Chile, Colombia, and Ecuador. Also, a 

feedback relationship between economic growth and electricity consumption 

was found in Venezuela. However, in Peru, no causal relationships were 

found in either direction. 
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4.2 Economic Growth and Trade 

 

Existing literature on causality relationships between economic growth and 

trade is sizeable; however, much of the literature directly examines the link 

between GDP and exports. First generation studies found strong evidence in 

favour of the export-led hypothesis, but did not take into account the 

stationarity of the data and used simple correlation methods. Nevertheless, 

more recent studies which considered the stationarity of the data have found 

mixed evidence on causality for the handmaiden and export-led hypotheses. 

Results from Jung and Marshall (1985), who analyzed 37 countries, shared 

evidence of the export-promotion hypothesis in only four countries: 

Indonesia, Egypt, Costa Rica and Ecuador. In Peru, Bahmani-Oskooee et al. 

(1991) who postulated a negative causality running from export growth to 

economic growth found evidence in favour of the export-led growth 

hypothesis. Van den Berg and Schmidt (1994), analyzed 16 Latin American 
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countries and provided evidence in favour of export-led growth in Colombia 

and Peru; both positive and statistically significant. Moreover, Riezman et al. 

(1996), analyzed the relationship between income growth and export growth 

in 126 countries, nevertheless controlling for the growth of imports, and their 

results did not reveal support for the export-led hypothesis in Peru.  

 Awokuse (2008) looked into the relationship between trade and 

economic growth in Peru, Colombia and Argentina and conveyed relatively 

stronger empirical evidence to support import-led growth than export-led 

growth in the Peruvian case. 

 

4.3 Energy Consumption, Economic Growth and 

Trade 

 

At the time of this writing, papers by Sadorsky (2011, 2012), Lean and 

Smyth (2010a, 2010b), and Narayan and Smyth (2009) appear to be the only 
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published papers specifically investigating causality relationships between 

electricity or energy consumption, GDP and exports or imports within one 

multivariate model. The published literature brings together two separate and 

extensive streams of economic literature (Sadorsky, 2012):  

 On the one hand, the relationship between energy consumption and 

economic output, one of the most widely studied topics in energy 

economics (e.g., Payne, 2010; Ozturk, 2010) 

 On the other hand, the relationship between economic output and 

exports, one of the most widely studied topics in international 

economics (e.g., Giles and Williams, 2000a, 2000b). 

 The first study to examine the causality relationships among 

electricity, GDP and exports was that of Narayan and Smyth (2009) who 

found, for a panel of six Middle Eastern countries (Iran, Israel, Kuwait, 

Oman, Saudi Arabia, and Syria), evidence of a long-run Granger causality 

running from exports and electricity consumption to real GDP and from 
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exports and real income to electricity consumption. They also found 

evidence in favor of a short-run Granger causality running from electricity 

consumption to real income and bidirectional causality between real income 

and exports.  

 Lean and Smyth (2010a) examined the causal relationship between 

capital, labor, exports, electricity consumption, and aggregate output for 

Malaysia and found evidence of a bidirectional Granger causality running 

between aggregate output and electricity consumption in the long-run, and 

evidence of causality from exports to aggregate output. Also, the results 

showed bidirectional Granger causality between electricity consumption and 

aggregate output in the short-run.  

 Moreover, Lean and Smyth (2010b) examined the causal 

relationship among prices, exports, electricity generation, and economic 

growth for Malaysia in a multivariate model and found evidence of a 

unidirectional Granger causality running from economic growth to 
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electricity generation. However, the results of this study did not find 

evidence of Granger causality between exports and aggregate output, thus 

not supporting either the export-led or handmaiden theory of trade.  

 Sadorsky (2011) investigated the more general relationship between 

energy consumption and trade (either exports or imports) in a panel of 

Middle Eastern countries (Bahrain, Iran, Jordan, Oman, Qatar, Saudi Arabia, 

Syria and United Arab Emirates) finding evidence that trade affects energy 

consumption in the Middle East, with a short-run causality running from 

exports to energy consumption and a bidirectional feedback relationship 

between imports and energy consumption.  

 Furthermore, Sadorsky (2012) assessed the relationship between 

trade, output and energy consumption in 7 South American countries 

(Argentina, Brazil, Chile, Ecuador, Paraguay, Peru, and Uruguay) from 1980 

to 2007. This study found evidence of a bidirectional feedback relationship 

between energy consumption and exports, output and exports and output and 
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imports. Evidence of a one-way causality relationship in the short-run 

running from energy consumption to imports was also revealed. In addition, 

the study provided evidence of a long-run causal relationship between trade 

(exports or imports) and energy consumption.  
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Chapter 5. Methodology Part I: Trivariate 

Analysis, 1971-2011 

 

Part I examines the direction of causality and short-term (defined as one year 

or less) and long-term (defined as longer than one year) structural 

relationships among electricity or energy consumption, GDP, and imports 

and exports. The following models are analyzed:  

 Model 1: Electricity Consumption-GDP-Exports 

 Model 2: Electricity Consumption-GDP-Imports 

 Model 3: Energy Consumption-GDP-Exports 

 Model 4: Energy Consumption-GDP-Imports 
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5.1 Data 

 

The estimation period is 1971-2011, and all of the data are annual 

observations of the variables. All variables are expressed in natural 

logarithmic form. The data on energy consumption, electricity consumption, 

GDP and exports and imports as a percentage of GDP were obtained from 

the World Bank (World Bank, 2013). Electricity consumption, GDP, exports 

and imports are expressed in terms of kilowatt hours (kWh), constant 2005 

US$, exports of goods and services as a percentage of GDP and imports of 

goods and services as a percentage of GDP, respectively. 

 

5.2 Unit Root Tests 

 

Most of the variables or series are non-stationary but, using non-stationary 
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series in causality tests can lead to spurious causality results (Stock and 

Watson, 1989). A series is said to be non-stationary if its mean, variance and 

autocovariance are non-constant over time. Conversely, a series is said to be 

stationary if it has constant mean, variance, and autocovariance at various 

lags over time (Shiu and Lam, 2004).   

 Unit root tests are useful in determining the order of variable 

integration, whether the time series is stationary in level form or stationary 

after first-differencing. The amount of d times a non-stationary series must 

be differenced to become stationary is specified as I(d). For instance, a 

stationary series in level form is integrated of order zero, denoted I(0); a 

stationary series after first differencing is integrated of order one, denoted 

I(1). 

 Following Engle and Granger (1987), we first tested the unit roots of 

the series to examine their stationarity. In order to deal with the 

autocorrelation problem at higher order lags, which were not considered in 
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the original Dickey-Fuller test (Dickey and Fuller, 1979), the Augmented 

Dickey-Fuller (ADF) has been developed (MacKinnon, 1991, 1996).  

 First, the ADF test was carried out in levels (automatic, based on 

Schwarz information criterion (SIC), max lag=9), meaning working with the 

initial data or raw data. The null hypothesis is that the series have unit roots 

         against the hypothesis that the series are stationary       

   Following the results in levels, the next procedure was to test for unit root 

by applying the ADF test to the first difference of the data (automatic, based 

on SIC, max lag=9). The exogenous regressor was assumed to be “intercept” 

(MacKinnon, 1991, 1996) (see equation 5.1). 

 

  ( )           ∑          
 
       (5.1) 

 

 However, the results of the ADF are relatively sensitive to any 

incorrect lag length selection. Moreover, the ADF tests frequently points at 
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non-stationary, under-rejecting the null hypothesis (that there is unit root) 

(Gurgul and Lukasz, 2012). Hence, a Kwiatkowski-Phillips-Schmidt-Shin 

(KPSS) test (Kwiatkowski et al., 1992) was also conducted as a 

complementary test to confirm the results of the ADF. Contrary to the ADF 

test, the stationarity of the time series is assumed in the null hypothesis 

        of the KPSS test; against the alternative hypothesis         

that postulates the presence of a stochastic trend. KPSS statistic is based on 

the residuals of the OLS regression of the series   on the exogenous 

variables    (Kwiatkowski et al., 1992): 

 

        
′
 δ   𝑡(5.2) 

 

The LM statistic is defined as: 

 

𝐿𝑀   ∑ 𝑆(𝑡)2 / (𝑇2𝑓 ) (5.3) 
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where 𝑆(𝑡) is a cumulative residual function and 𝑓  is an estimator of the 

residual spectrum at frequency zero: 

 

S(t)   ∑ ûr
 
𝑟  (5.4) 

 

based on the residuals û     −  𝑡
′
 δ(0). The set of exogenous regressors 

was specified as “intercept” and the bandwidth parameter was established 

according to the Newey and West (1987) using Bartlett kernel. 

 

5.3 Co-integration Test 

 

Prior to the co-integration test, the VAR test was conducted to determine the 

optimal lag length for co-integration. 

 Two or more time series that are non-stationary in level form and 

integrated of the same order (i.e., each I(1)) are considered to be co-

integrated if a stationary linear combination exists amongst them (i.e., I(0)) 
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(Engle and Granger, 1987). If the series are co-integrated, a long-run 

equilibrium relationship exists between them.      

 Since LElectricity Consumption, LGDP and LExports and LImports 

are non-stationary in levels and integrated of the same order, I(1), we 

proceeded to test whether these variables are co-integrated, employing the 

widely used Johansen-Juselius (Johansen and Juselius, 1990) co-integration 

procedure. The Johansen-Juselius (1990) co-integration procedure is 

preferred over the Engle and Granger (1987) co-integration technique 

because it considers all the variables as endogenous, and hence avoids the 

choice of dependent variables based on an arbitrary criterion. This procedure 

is a VAR-based test on restrictions imposed by co-integration in the 

unrestricted VAR (Shiu and Lam, 2004).  

 For the co-integration test, since none of the series appears to have a 

trend (see Appendix I), as co-integration test specifications it was assumed 

no deterministic trend in the level data уt and intercepts in the co-integrating 
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equations (Johansen, 1995) (see equation 5.5): 

 

  (𝑟)  
               ( 

′        ) (5.5) 

 

 The Johansen-Juselius (1990) co-integration procedure examines the 

number of co-integrating vectors between the variables based on two 

likelihood ratio (LR) tests, trace statistic and maximum eigen value statistic. 

 

5.4 Granger Causality Test 

 

Co-integration confirms the existence of uni- or bi-directional causality 

among the series (Granger, 1986, 1988), but it does not point out the 

direction of causality. Since two of the models contain variables that are 

non-stationary at levels (but stationary after first differencing) and co-

integrated, the direction of causality was examined within the vector error-
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correction modeling (VECM) procedure, popularized by Engle and Granger 

(1987).The Granger-causality test method was selected rather than other 

alternative techniques due to its favorable response, as mentioned by 

Odhiambo (2008), to both large and small samples.  

 Any long-term co-integrating relationship found between the 

variables has a corresponding lagged error-correction term in the VECM, 

derived from it. For models that contain variables that are non-stationary at 

levels (but stationary after first differencing) and not co-integrated, the 

standard Granger-causality test should be adopted to detect causality only in 

the short-run (Yoo, 2005); however, this is outside the scope of the present 

paper.     

 Under the VECM framework, Y is Granger-caused by X, if either 

the estimated coefficient on lagged values of error term from co-integrated 

regression or the estimated coefficients on lagged values of X are 

statistically significant. X is Granger-caused by Y, if either the estimated 
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coefficient on lagged values of error term from co-integrated regression or 

the estimated coefficients on lagged values of Y are statistically significant 

(Yoo, 2005). However, the fact that “X Granger causes Y” or “Y Granger 

causes X” cannot be understood in the conventional sense of giving rise to 

an action, phenomenon or condition. On the contrary, it means that X has 

useful information for predicting Y, or vice versa.    

 In addition to the direction of causality, the VECM mechanism is 

used to distinguish between a short-run and long-run causality among the co-

integrated variables, as well as for correcting disequilibrium; these are 

different channels for identifying causality that are not available in the 

standard Granger causality test.  

 The VECM procedure can be applied to examine the causal 

relationship between two or more variables, based on a long-run relationship 

amongst them. For example, the trivariate Granger causality model between 

Electricity Consumption, GDP and Exports, based on VECM, one of the 



 

 

 

 

70 

models analyzed in Part I, can be specified as follows (see equations 5.6-5.8):  

 

     =  +∑    
 
    lnECt-i + ∑    

 
    lnYt-i + ∑    

 
    lnXt-i +   ECTr, 

t-1 +     (5.6) 

    = 2+∑  2 
 
    lnECt-i + ∑  2 

 
    lnYt-i + ∑  2 

 
    lnXt-i +   ECTr, t-1 

+  2  (5.7) 

    =  +∑    
 
    lnECt-i + ∑    

 
    lnYt-i + ∑    

 
    lnXt-i +   ECTr, t-1 

+     (5.8) 

 

 Where   is the first difference operator; lnEC is the natural log of 

Electricity Consumption; lnY is the natural log of GDP; lnX is the natural 

log of Exports of goods and services as a percentage of GDP. The error 

correction terms, ECTr,t-1, are the co-integrating vectors lagged one period 

and derived from the long-run co-integrating relationship; the    are the 

adjustment coefficients, which show the proportion of disequilibrium that is 

corrected at each period; and     the mutually uncorrelated error terms with 

mean zero.  
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 In each equation, the change in the endogenous variable is caused 

both by their lags and the ECTs. The error correction data generating 

mechanism works through  t, the equilibrium error; the corrections towards 

the long-run equilibrium are summarized by  t-1, the error in the previous 

period (Jamil and Ahmad, 2010). A series of short-run adjustments correct 

the deviations from the long-run equilibrium. The degree to which the left 

hand side variables in each equation (the dependent variables) return in each 

short-run period to the long-run equilibrium in response to random shocks is 

measured by the statistical significance and size of the ECT (Jamil and 

Ahmad, 2010).  

 The long-run causality, that is to say the significance of the 

coefficients of ECTs, was measured through the t-test. The coefficient of 

lagged ECT is a short-term adjustment coefficient and represents the 

proportion by which the long-run disequilibrium (or imbalance) in the 

dependent variables is being corrected in each period (Masih and Masih, 
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1997).The short-run causality, meaning the significance of the lagged 

changes in the explanatory variables, was measured through the significance 

of the “differenced” explanatory variables using the joint F or Wald  2 test. 

The joint significance of the ECT and lagged terms of the different 

explanatory variables (joint short- and long-run Granger causality) was 

investigated by joint F or Wald  2 test; and it is sometimes referred as a 

measure of “strong Granger causality” (Oh and Lee, 2004). 
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Chapter 6. Methodology Part II: Analysis by 

Economic Sectors 1985-2009 

 

According to Payne (2010), the use of aggregate energy output may mask 

the differential impact related to various forms of energy consumption as 

well as by end use and sector. Hence, following the results of Part I, Part II 

attempts to extend the analysis of short-term (defined as one year or less) 

and long-term (defined as longer than one year) structural relationships and 

direction of causality between Energy Consumption, GDP and Exports or 

Imports, by analyzing the different categories of energy consumption, using 

the official data available regarding Energy Consumption in different 

economic sectors from 1985 to 2009: Industrial, Mining, Fishing, Agro-

industrial, Transportation, Residential and Commercial, Public. The 

following models are analyzed: 

 Model 1: Industrial EC-GDP 
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 Model 2: Rescom EC-GDP 

 Model 3: Industrial EC-GDP-Mining EC 

 Model 4: Industrial EC-GDP-Rescom EC 

 Model 5: Rescom EC-GDP-Agro-Industrial EC 

 Model 6: Rescom EC-GDP-Fishing EC 

 Model 7: Rescom EC-GDP-Mining EC 

 

6.1 Data 

 

The estimation period in Part II is 1985-2009 (25 observations), and all of 

the data are annual observations of the total energy consumption in different 

economic sectors in Peru: industrial, mining, fishing, agro-industrial, 

transportation, residential and commercial, and public.     
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 Data on total energy consumption by sectors were obtained from the 

Ministry of Energy and Mines (Ministerio de Energía y Minas, 2009). Data 

on GDP, exports and imports were obtained from the World Bank (World 

Bank, 2013).  

 Energy Consumption, GDP, exports and imports are expressed in 

Terajoules (TJ), constant 2005 US$, exports of goods and services as a 

percentage of GDP and imports of goods and services as a percentage of 

GDP, respectively. 

 

6.2 Unit Root Tests 

 

Two types of unit root tests, ADF and KPSS, were used to examine the 

integrational properties of the following variables (1985-2009): GDP, 

Exports, Imports, Industrial EC, Mining EC, Fishing EC, Agro-industrial EC, 
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Rescom EC and Public EC. As in Part I, we tested the null hypothesis of 

non-stationary against the alternative hypothesis of stationary in the case of 

the ADF test in levels and first differences (automatic, based on Schwarz 

information criterion (SIC), maxlag=5).In the case of the KPSS, the reverse 

set of hypothesis was assumed in comparison to ADF and the bandwidth 

parameter was established according to Newey and West (1987) using 

Bartlett kernel. 

 For the ADF test, the exogenous regressors for the variables Mining 

EC and Transport EC were assumed to be “intercept”; whereas, in the case 

of the variables GDP, Industrial EC, Fishing EC, Agro-Industrial EC, 

Rescom EC, Public EC, Exports and Imports, the exogenous regressors were 

assumed to be “trend and intercept” (MacKinnon, 1991, 1996) (see equation 

6.1). The same exogenous regressors were assumed for the KPSS test.  

 

  ( )       𝑇         ∑          
 
       (6.1) 
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 Since Public EC and Imports were found to be stationary at levels 

(i.e., I(0)), these variables were excluded from further analysis. 

 

6.3 Co-integration Test 

 

The VAR test was conducted before the co-integration test to determine the 

optimal lag length for the co-integration procedure.  

 Initially, the Johansen-Juselius (1990) co-integration procedure was 

carried out in a bivariate setting combining Exports, Industrial EC, Mining 

EC, Fishing EC, Agro-industrial EC, Transportation EC and Rescom EC 

with GDP (see Appendix O).  

 For models 2, 5, 6 and 7, it was assumed that that the level data    

have linear trends but the co-integrating equations have only intercepts 

(Johansen, 1995) (see equation 6.2). 
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  (𝑟)                ( 
′        )       (6.2) 

 

 For models 1, 3, and 4, it was assumed that that the level data    

and the co-integrating equations have linear trends (Johansen, 1995) (see 

equation 6.3). 

 

 (𝑟)  
               ( 

′            𝑡 )       (6.3) 

 

 Only two co-integrating relationships between two variables were 

found (see section 8.3). The normalized co-integrating equations were also 

analyzed (see Appendix S). 



 

 

 

 

79 

6.4 Granger Causality Test 

 

Initially, we proceeded to estimate the VECM only for the two co-

integrating equations found under a bivariate framework. 

 The analysis was extended to a trivariate framework by 

incorporating the other sectoral energy consumption variables, and exports 

to the two bivariate relationships initially found and repeating the estimation 

of the VAR, co-integration relationships and VECM (See Appendixes P, Q 

and R). 
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Chapter 7. Empirical Results: Part I 

 

7.1 Unit Root Tests 

 

Results of the ADF unit root test for the series LElectricity, LEnergy, LGDP, 

LExports and LImports are shown in Table 1: 

 

Table 1: ADF Unit Root Test Results, Part I 

Variables 

Levels First Differences 

t-Statistic 
p- 

values 
 t-Statistic 

p-

values 

LElectricity 
1.199099 

[ ] 
0.9976 

-7.867592 

[ ]
*** 

0.0000 

LEnergy 
2.199185 

[ ] 
0.9999 

-4.434886 

[ ]
***

 
0.0011 

LGDP 
1.082549 

[ ] 
0.9967 

-4.037060 

[ ]
*** 

0.0032 

LExports 
-1.902458 

[ ] 
0.3279 

-7.288539 

[ ]
***

 
0.0000 

LImports 
-1.950333 

[ ] 
0.3068 

-6.645773 

[ ]
***

 
0.0000 

Note: the numbers in brackets are optimum lag lengths determined using the 
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Schwarz information criterion (SIC). The   -values correspond to the 

hypothesis of non-stationarity. The 
*
,
**

,
***

 show rejection of the null hypothesis 

at 10%, 5% and 1% significance level, respectively. The exogenous regressor 

is a constant.  

 

] 

 The results of the KPSS unit root test for the series LElectricity, 

LEnergy, LGDP, LExports and LImports are shown in Table 2: 

 

Table 2: KPSS Test Results, Part I 

Variables 
Levels First Differences 

Test statistic Bandwidth Test statistic Bandwidth 

LElectricity 0.786287 5 0.286375
* 

2 

LEnergy 0.590576
*** 

5 0.385455
* 

3 

LGDP 0.730627
*** 

5 0.344294
* 

0 

LExports 0.313329
* 

4 0.171758
* 

11 

LImports 0.227515
* 

4 0.074996
* 

1 

Note: The Bandwidth parameter was established according to Newey and West 

(1987) using Bartlett kernel. The   -values correspond to the hypothesis of 

stationarity. 
*
,
**

,
***

 show non-rejection of the null hypothesis at 10%, 5% and 1%, 

respectively. The exogenous regressor is a constant.  
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7.2 VAR 

 

To select the optimal lag for the co-integration test, Wooldridge’s (2009) 

recommendation of 1 to 2 lags for annual data was followed. The maximum 

lag length considered for the four models was two. In the case of models 1, 2 

and 4, the optimum lag length r=2was chosen using the Hannan-Quinn and 

Akaike information criterion. On the contrary, however, according to the 

Schwarz information criterion, it was one lag. As part of the co-integration 

test specifications, two lags were chosen (see Appendix K) because this 

approach allows analysis of short-run dynamics in the VECM model (Stern, 

2000). In the case of model 3, according to the three criteria, the optimal lag 

was one (see Appendix J). 

 

7.3 Co-integration Analysis  

 

In the case of models 1 and 2, only two long-run equilibrium relationships 
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were found (see Appendix K); meaning that, in each one of these models, the 

variables share a common stochastic trend in the long-run. A natural 

extension is to estimate the VECM for models 1 and 2. On the contrary, 

models 3 and 4 contain variables whose series are non-stationary at levels 

(but stationary after first differencing) and the linear combination of these 

variables is also non-stationary, so the standard Granger-causality test should 

be employed to detect causality (Toda and Phillips, 1993; Yoo and Kim, 

2006). 

 The results of the co-integration test (trace-statistics and λ-max) are 

shown in Tables 3 and 4, while the normalized co-integrating equations for 

part I are shown in Appendix L. 

 The co-integration test is carried out sequentially. In the case of 

models 1 and 2, the hypothesis that r≤0, that is, that there are no co-

integrating relations was rejected at the 5% level. The next line tests the 

hypothesis of, at most, one co-integrating vector (r≤1), and this was not 
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rejected at the 5% level, so the analysis proceeded no further. 

 

Table 3: Johansen Co-integration Test Results, (Part I, Model 1) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

value 

r=0 52.32715 34.4486 

r≤1 17.87855 14.62086 

r≤2 3.257692 3.257692 

Note: Trace test and Max-eigen value indicate 1 cointegrating eqn(s) at the 0.05 

level
* 
denotes rejection of the hypothesis at the 0.05 level 

 

 A single (r=1) co-integrating equation exists in models1 and 2 over 

the sample period; or one stable long-run relationship between the variables. 

Hence, LElectricity, LGDP, and LExports and LElectricity, LGDP, and 

LImports share a unique co-integrating vector or a particular combination of 

these series is stationary.  
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Table 4: Johansen Co-integration Test Results, (Part I, Model 2) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

value 

r=0 53.81017 34.72076 

r≤1 19.08941 15.75990 

r≤2 3.329503 3.329503 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 0.05 

level* denotes rejection of the hypothesis at the 0.05 level.  

 

 

7.4 Granger Causality Test 

 

7.4.1 Model 1: Electricity Consumption-GDP-Exports 

   

  In the case of model 1 (see Table 5 and Appendix G), the F-statistics 

for Exports, in the Electricity Consumption equation, are significant at the 10% 

level. However, none of the other lagged explanatory variables in the other 

two equations, GDP and Exports, are statistically significant. These results 

support a short-run unidirectional Granger causality running only from 
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Exports to Electricity Consumption. Hence, only changes in Exports cause 

changes in Electricity Consumption in Peru in the short-run.  

 With respect to the t-statistic, the coefficient of the ECT is negative 

and significant at 1% level in the Electricity Consumption equation; but is 

not significant in either the GDP or Exports equation. The interpretation of 

this phenomenon is that, given a deviation of electricity consumption from 

its long-run equilibrium as defined by ECT=ECt-Yt-Xt, all three variables 

interact in a dynamic way to restore long-run equilibrium. However, the non-

significance of the F-statistics for GDP suggests it is exogenous in the 

system, implying that Exports bear the brunt of the short-term adjustment to 

long-term equilibrium. 

 Moreover, by testing the short-run term of each of the variables 

along with the ECTs in each of the corresponding equations, a further 

channel of Granger-causality was analyzed to determine whether only GDP 

or Exports or both cause Electricity Consumption. It was determined that, at 
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the aggregate level, GDP and ECT are jointly significant; as well as Exports 

and ECT in the equation for electricity consumption. Hence, at the aggregate 

level, unidirectional causality was found from GDP and Exports to 

Electricity Consumption. Thus, we can conclude that each of the GDP and 

Exports separately causes electricity consumption. 

 

7.4.2 Model 2: Electricity Consumption-GDP-Imports 

 

 With respect to model 2 (see Table 6 and Appendix G), short-run 

unidirectional Granger causality running only from GDP to Imports was 

found. 

 Regarding the long-run, the coefficient of the ECT is negative and 

significant at 1% level in the Electricity Consumption equation. Deviations 

in the long-run equilibrium co-integrating relationship among Electricity 
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Consumption, GDP and Imports are mainly corrected by Electricity 

Consumption, while GDP and Imports appear to be weakly exogenous.  

 Moreover, with respect to the joint short-run and long-run, GDP and 

ECT are jointly significant, as are Imports and ECT in the equation for 

Electricity Consumption. Hence, at the aggregate level, unidirectional 

causality was found from GDP and Imports to Electricity Consumption. 

Unidirectional causality was also found from GDP to Imports.
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Table 5: Results of the VECM, (Part I, Model 1) 

(Electricity Consumption-GDP-Exports) 

Significance at the 
***

1% level, the 
**

 5% level, and the 
*
10% level, respectively. The R-squared for DECt, DGDPt and DExportst are 

0.201393, 0.070326 and 0.092820, respectively. EC stands for Electricity Consumption. D stands for “differenced.” 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DExportst ECT only DGDPt,ECT DExportst,ECT DECt, ECT 

Test applied F-statistics t-statistics F-statistics 

DECt - 0.291426 3.684766
* 

-5.186252
*** 

33.28817
*** 

33.40049
*** 

- 

DGDPt 0.147742 - 0.410052 -0.274832 - 0.534631 0.430046 

DExportst 0.477045 0.983374 - -0.956176 1.403949 - 2.682568 
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Table 6: Results of the VECM, (Part I, Model 2) 

(Electricity Consumption-GDP-Imports) 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DImportst ECT only DGDPt, ECT DImportst, ECT DECt, ECT 

Test applied F-statistics t-statistics F-statistics 

DECt - 0.037983 0.214793 -6.293863
*** 

44.49776
*** 

40.05963
*** 

- 

DGDPt 0.028762 - 0.493515 -1.097259 - 1.649094 1.403865 

DImportst 0.246436 11.17586
*** 

- 0.644852 11.32681
*** 

- 1.325658 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DECt, DGDPt and DImportst are 

0.272243, 0.098597 and 0.46149, respectively. EC stands for Electricity Consumption. D stands for “differenced.” 



 

 

 

 

91 

Chapter 8. Empirical Results: Part II 

 

  

8.1 Unit Root Tests 

 

The results of the ADF unit root test for the series GDP, Industrial EC, 

Mining EC, Fishing EC, Agro-Industrial EC, Transportation EC, Rescom 

EC, Public EC, Exports and Imports are shown in Table 7: 

 

Table 7: ADF Unit Root Test Results, Part II 

Variables 

Levels First Differences 

t-Statistic p-values  t-Statistic p-values 

GDP 
-2.378114 

[ ]  
0.3800 

-3.285535
 

[ ]
* 

0.0936 

Industrial 

EC 

-2.082924 

[ ] 
0.5264 

-4.956069 

[ ]
***

 
0.0034 

Mining  

EC 

-0.857456 

[ ] 
0.7839 -4.424874[ ]

*** 
0.0023 

Fishing 

EC 

-1.788048 

[ ] 
0.6787 

-5.827029 

[ ]
***

 
0.0005 
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Agro-Ind.  

EC 

-2.397694  

[ ] 
0.3713 

-5.484066 

 [ ]
***

 
0.0010 

Transport 

EC 

0.884183 

[ ] 
0.9934 

-4.845407 

 [ ]
***

 
0.0008 

Rescom  

EC 

-1.001305  

[ ] 
0.9250 

-5.016263 

 [ ]
***

 
0.0028 

Public  

EC 

-3.586452  

[ ]
* 

0.0526 
-5.966462 

[ ]
***

 
0.0004 

Exports -1.176747 [ ] 0.8905 -3.332129 [3]
*
 0.0897 

Imports -5.079587 [ ]
***

 0.0022 -8.334894 [ ]
***

 0.0000 

Note: the numbers in brackets are the optimum lag lengths determined using the 

Schwarz information criterion (SIC). The  -values correspond to the hypothesis of 

non-stationarity. The 
*
,
 **

,
***

 show rejection of the null hypothesis at 10%, 5% and 1% 

significance levels, respectively. The exogenous regressor is a constant and linear 

trend; except in the cases of Mining EC and Transport EC, where it is a constant. 

Agro.-Ind. EC stands for Agro-Industrial EC. 

 

 

The results of the KPPS test for the series GDP, Industrial EC, 

Mining EC, Fishing EC, Agro-Industrial EC, Transport EC, Rescom EC, 

Public EC, Exports and Imports are shown in Table 8: 
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Table 8: KPSS Test Results, Part II 

Variables 
Levels First Differences 

Test statistic Bandwidth Test statistic Bandwidth 

GDP 0.162957
*** 

3 0.074569
* 

0 

Industrial 

EC 
0.221977

*** 
3 0.092044

*** 
7 

Mining 

EC 
0.622574

*** 
3 0.21955

* 
9 

Fishing  

EC 
0.160884

*** 
3 0.087353

* 
5 

Agro.-Ind. 

EC 
0.140227

** 
2 0.073829

* 
3 

Transport 

 EC 
0.696124

*** 
3 0.249805

* 
2 

Rescom  

EC 
0.171600

*** 
3 0.058971

* 
2 

Public 

EC 
0.194466

*** 
2 0.352519 18 

Exports 0.214599
*** 

3 0.091313
* 

2 

Imports 0.086796 0 0.500000 23 

Note: The Bandwidth parameter was established according to Newey and West 

(1987) using Bartlett kernel. The   -values correspond to the hypothesis of 

stationarity. The 
*
,
**

,
***

 show non-rejection of the null hypothesis at 10%, 5% and 1% 

significance level, respectively. The exogenous regressor is a constant and linear 

trend; except in the cases of Mining EC and Transport EC, where it is a constant. 

Agro.-Ind. EC stands for Agro-Industrial EC. 

 

 According to the results of the ADF test, Public EC and Imports 
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were found to be stationary at levels (I(0)); whereas, all the other variables 

were found to be stationary in first-difference form (I(1)). The stationarity of 

these variables at levels was confirmed by the KPSS test. Thus Public EC 

and Imports were excluded from further analysis since the variables have to 

be integrated of the first order to be tested for co-integration. 

 

 

8.2  VAR 

 

To select the optimal lag for the co-integration test, Wooldridge’s (2009) 

recommendation of 1 to 2 lags for annual data was followed. The maximum 

lag length considered was two for the seven bivariate models initially 

analyzed (see Appendix N). In all of the bivariate models examined but in 

the Industrial EC-GDP and Rescom EC-GDP cases, the optimum lag length 

was one (r=1) according to the Akaike, Schwarz and Hannan-Quinn 

information criteria. In the Industrial EC-GDP model, the optimum lag 
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length, according to the Hannan-Quinn and Akaike information criteria was 

two (r=2); but, according to the Schwarz information criterion, it was one. In 

the case of Rescom EC-GDP, the optimum lag length was two according to 

the three criteria.  

 Regarding the trivariate models, in the cases of models 3, 4, and 5, 

according to the Hannan-Quinn and Akaike information criteria, the 

optimum lag length was two (r=2); whereas, according to the Schwarz 

information criterion, it was one (r=1). In models 6 and 7, the optimum lag 

length criterion, according to the Schwarz and Hannan-Quinn information 

criteria, was one; whereas, it was two according to the Akaike information 

criterion (see Appendix Q). 

 As part of the co-integration test specifications (see Appendix O and 

R), two lags were chosen in all of the models (1-7), because this allows 

analysis of short-run dynamics in the VECM model (Stern, 2000). 
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8.3 Co-integration Analysis 

 

The results of the co-integration test (trace-statistics and λ-max) are shown 

in Tables 9-15, while the normalized co-integrating equations for part II 

models are shown in Appendix S.   

 As to the bivariate analysis, a single co-integrating equation exists in 

the case of models Industrial EC-GDP and Rescom EC-GDP. The other 

bivariate systems do not share a long-run common stochastic trend (see 

Appendix O and Tables 9 and 10). 

 Regarding the trivariate systems, and based on the co-integrating 

bivariate systems initially found plus an additional variable, one single co-

integrating relationship exists in the case of models 6 and 7 (see Tables 14 

and 15, respectively) over the sample period. However, two co-integrating 

equations exist in the case of models 3, 4, and 5 (see Tables 11, 12 and 13, 

respectively).  
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Table 9: Johansen Co-integration Test Results, (Part II, Model 1) 

 (Industrial EC-GDP) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 28.63200 23.94932 

r≤1  4.682681 4.682681 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level. 
*
denotes rejection of the hypothesis at the 0.05 level 

 

 

 

Table 10: Johansen Co-integration Test Results, (Part II, Model 2) 

 (Rescom EC-GDP) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 20.92738 20.86776 

r≤1  0.059624 0.059624 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level. 
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Table 11: Johansen Co-integration Test Results, (Part II, Model 3) 

 (Industrial EC-GDP-Mining EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 71.66170 39.12917 

r≤1
* 

 32.53253 21.49257 

r≤2 11.03996 11.03996 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 

 

 

Table 12: Johansen Co-integration Test Results, (Part II, Model 4) 

 (Industrial EC-GDP-Rescom EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 65.33631 36.18874 

r≤1
* 

 29.14757 24.03783 

r≤2 5.109734 5.109734 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 
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Table 13: Johansen Co-integration Test Results, (Part II, Model 5) 

(Rescom EC-GDP-Fishing EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 54.87372 30.78987 

r≤1
* 

 24.08385 22.40392 

r≤2 1.679927 1.679927 

Note: Trace test and Max-eigen value indicate 2 co-integrating eqn(s) at the 

0.05 level 
*
 denotes rejection of the hypothesis at the 0.05 level 

 

 

Table 14: Johansen Co-integration Test Results, (Part II, Model 6) 

 (Rescom EC-GDP-Agro-IndustrialEC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 43.98024 31.15493 

r≤1
 

 12.82531 11.62741 

r≤2 1.197904 1.197904 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level
*
 denotes rejection of the hypothesis at the 0.05 level 
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Table 15: Johansen Co-integration Test Results, (Part II, Model 7) 

 (Rescom EC-GDP-Mining EC) 

Hypothesis 
Trace 

statistic 

Maximum 

eigen 

statistic 

r=0
* 

 45.36881 38.43639 

r≤1
 

 6.932421 6.920946 

r≤2 0.011475 0.011475 

Note: Trace test and Max-eigen value indicate 1 co-integrating eqn(s) at the 

0.05 level
*
 denotes rejection of the hypothesis at the 0.05 level 

 

8.4 Granger Causality Test 

 

8.4.1 Model 1: Industrial EC-GDP 

 

 With respect to model 1 (see table 16 and Appendix F), short-run 

Granger causality was found running from GDP to Industrial EC. 

 The coefficient of the ECT was found to be significant in both the 

Industrial EC and GDP equations, which indicates that given any deviation 

in the ECT, both variables in the VECM would interact in a dynamic fashion 
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to restore the equilibrium. Bidirectional causality between Industrial EC and 

GDP is found in the long-run period. 

 Results of the significance of the estimated coefficients on lagged 

values of change in GDP and Industrial EC, along with the ECT, in both 

equations are consistent with the presence of strong Granger-causality from 

GDP to Industrial EC and from Industrial EC to GDP.      

 In conclusion, according to the overall results, we can conclude 

there is bidirectional Granger causality between Industrial EC and GDP. 

 

8.4.2 Model 2: Rescom EC-GDP 

 

 With respect to model 2 (see table 17 and Appendix F), short-run 

causality was found running from GDP to Rescom EC, but not the reverse. 

 The coefficient of the ECT was found to be significant in both the 

Rescom EC and GDP equations, which indicates that given any deviation in 
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the ECT, both variables in the VECM would interact in a dynamic fashion to 

restore the equilibrium. Bidirectional causality between Rescom EC and 

GDP is found in the long-run period. 

 Results of the significance of the estimated coefficients on lagged 

values of change in GDP and Rescom EC, along with the ECT, in both 

equations are consistent with the presence of strong Granger-causality from 

GDP to Rescom EC and from Rescom EC to GDP.      

 In conclusion, according to the overall results, we can conclude 

there is bidirectional causality between Rescom EC and GDP. 

 

8.4.3 Model 3: Industrial EC-GDP-Mining EC 

 

 With reference to model 3 (see table 18 and Appendix F) only a 

short-run Granger causality relationship running from GDP to Industrial EC 

was found. 
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 The coefficient of the ECT is negative and significant at 5% level in 

the GDP equation, but is not significant in either the Industrial EC or Mining 

EC equations. Any changes in Industrial EC or Mining EC that disturb the 

long-run equilibrium are corrected by counter-balancing changes in GDP; 

while the converse is not true. GDP is caused by Industrial EC and Mining 

EC, but the latter two variables are not caused by the former.  

 The joint short-run and long-run analysis is consistent with presence 

of strong-Granger causality running from Mining EC to GDP and from 

Industrial EC to GDP. 

 In conclusion, according to the overall results, we can conclude 

there is unidirectional causality from Mining EC and GDP and from 

Industrial EC to GDP.  
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8.4.4 Model 4: Industrial EC-GDP-Rescom EC 

  

 Concerning model 4 (see table 19 and Appendix F), only short-run 

Granger causality relationship running from GDP to Industrial EC was found.  

 The coefficient of the ECT was found to be significant in both the 

Industrial EC and GDP equations, which implies that bidirectional causality 

between Industrial EC and GDP is found in the long-run period. Rescom EC 

appears to be weakly exogenous. 

 Regarding the joint short-run and long-run analysis, evidence 

indicates strong-Granger causality running from Rescom EC to Industrial EC, 

from GDP to Industrial EC, from Rescom EC to GDP, and from Industrial 

EC to Rescom EC. 

 In conclusion, according to the overall results, we can conclude 

there is bidirectional Granger causality between IndustrialEC and GDP and 

between Rescom EC and Industry EC. Unidirectional Granger causality runs 
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from Rescom EC to GDP.   

 

8.4.5 Model 5: Rescom EC-GDP-Fishing EC 

 

 As to model 5 (see table 20 and Appendix F), a short-run 

bidirectional causality relationship between GDP and Rescom EC, and 

unidirectional short-run causality from Fishing EC to GDP and from Rescom 

EC to Fishing EC was found.  

 The coefficient of the ECT is negative and significant at the 5% 

level in the GDP and Fishing EC equations. This implies that bidirectional 

causality between GDP and Fishing EC is found in the long-run period. 

Rescom EC appears to be weakly exogenous. 

 Moreover, there is evidence of strong-Granger causality from GDP 

to Rescom EC, from Fishing EC to GDP, from Rescom EC to GDP, from 

GDP to Fishing EC and from Rescom EC to Fishing EC.  
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 In conclusion, according to overall results, we can conclude there is 

bidirectional Granger causality between Rescom EC and GDP and between 

Fishing EC and GDP. There is unidirectional causality from Rescom EC to 

Fishing EC. 

 

8.4.6 Model 6: Rescom EC-GDP-Agro-industrial EC 

 

 Regarding model 6 (see table 21 and Appendix F), a short-run 

Granger causality relationship running from GDP to Rescom EC was found. 

 The coefficient of the ECT is negative and significant at the 5% 

level in the GDP equation, but is not significant in either the Rescom EC or 

Agro-industrialEC equations. Any changes in Rescom EC or Agro-

industrialEC that disturb the long-run equilibrium are corrected by counter-

balancing changes in GDP, while the contrary is not true. GDP is caused by 

Rescom EC and Agro-industrial EC but the latter two variables are not 
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caused by the former.  

 As to the joint short-run and long-run analysis, there is evidence of 

strong-Granger causality running from GDP to Rescom EC, from Rescom 

EC to GDP and from Agro-industrial EC to GDP.  

 In conclusion, according to the overall results, there is bidirectional 

Granger causality between Rescom EC and GDP, and unidirectional Granger 

causality from Agro-industrial EC to GDP. 

 

8.4.7 Model 7: Rescom EC-GDP-Mining EC 

 

 Regarding model 7 (see table 22 and Appendix F), a short-run 

Granger causality relationship running from GDP to Rescom EC was found. 

 The coefficient of the ECT is negative and significant at 5% level in 

the Rescom EC and GDP equations. This implies that bidirectional causality 

between GDP and Rescom EC is found in the long-run period. Mining EC 
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appears to be weakly exogenous.  

 There is evidence of strong-Granger causality running from Mining 

EC to Rescom EC, from GDP to Rescom EC, from Mining EC to GDP and 

from Rescom EC to GDP.  

 In conclusion, according to the overall results, there is bidirectional 

Granger causality between Rescom EC and GDP; and unidirectional Granger 

causality from Mining EC to GDP and from Mining EC to Rescom EC. 
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Table 16: Results of the VECM, (Part II, Model 1) 

(Industrial Energy Consumption-GDP) 

 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt and DGDPt 

are 0.338686 and 0.589357, respectively. D stands for “differenced.” 

 

 

 

 

 

 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt ECT only DGDPt,ECT 
DIndustrial ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial ECt - 4.619465
** 

-2.154199
** 

7.427741
** 

- 

DGDPt 0.001714 - -3.391303 - 12.73022
*** 



 

 

 

 

110 

Table 17: Results of the VECM, (Part II, Model 2) 

(Residential and Commercial Energy Consumption-GDP) 

 

 

 

 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt and 

DGDPt are 0.564436 and 0.472813, respectively. D stands for “differenced” 

 

 

 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable 
DRescom 

ECt 

DGDPt ECT only DGDPt,ECT 
DRescom ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt - 10.57291
*** 

-2.009396
* 

24.30979
*** 

- 

DGDPt 1.240339 - -2.173444
** 

- 5.715650
* 
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Table 18: Results of the VECM, (Part II, Model 3) 

(Industrial Energy Consumption-GDP-Mining Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt, DGDPt and 

DMining ECt are 0.295022, 0.664490, 0.367534. D stands for “differenced” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable 
DIndustrial 

ECt 

DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial ECt - 2.857638
* 

1.252521 1.258240 -1.248797 2.494651 4.523293 - 

DGDPt 0.004149 - 0.034469 2.797761 -2.76888
** 

16.40155
*** 

- 11.28420
*** 

DMining ECt 0.08235 0.508597 - -0.956581 0.987484 - 1.049006 0.987566 
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Table 19: Results of the VECM, (Part II, Model 4)  

(Industrial Energy Consumption-GDP-Residential and Commercial Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DIndustrial ECt, DGDPt and 

DRescom ECtare 0.521297, 0.607743 and 0.624220, respectively. D stands for “differenced” 

 

Peru Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable DIndustrial ECt DGDPt DRescom ECt ECT only 
DRescom ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DIndustrial 

ECt 

- 5.710374
** 

0.045755 -1.405083 -2.884302
** 

12.22095
*** 

9.598097
*** 

- 

DGDPt 0.035970 - 0.518419 0.398978 -2.836074
** 

11.56948
*** 

- 0.458371 

DRescom 

ECt 

1.395635 2.102650 - 0.520663 0.0000000376 - 3.257411 6.341738
** 
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Table 20: Results of the VECM, (Part II, Model 5) 

 (Residential and Commercial Energy Consumption-GDP-Fishing Energy Consumption) 

Significance at the 
***

1% level, the
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt, and 

DFishing ECt are 0.571210, 0.555156 and 0.522933, respectively. D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable 
DRescom ECt DGDPt DFishing ECt ECT only 

DFishing 

ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt - 6.375750
** 

0.278582 -0.902800 1.598605 3.938319 20.77689
*** 

 

DGDPt 3.503985
* 

- 2.833285
* 

-2.388444
** 

0.850147 8.155787
** 

- 6.549999
** 

DFishing ECt 2.820574
* 

0.906196 - -2.844901
** 

-3.000266
*** 

- 9.985909
*** 

8.327001
** 
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Table 21: Results of the VECM, (Part II, Model 6) 

 (Residential and Commercial Energy Consumption-GDP-Agro-Industrial Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt and 

DAgro-Ind. ECt are 0.571210, 0.555156 and 0.522933, respectively. Agro-Ind. EC stands for Agro-Industrial EC. D stands for 

“differenced.”

Peru Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent 

variable 

DRescom ECt DGDPt DAgro-Ind. 

ECt 

ECT only DAgro-Ind. ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics t-statistics F-statistics 

DRescom ECt  8.410744
*** 

0.291222 -1.423926 2.029958 19.43358
*** 

- 

DGDPt 1.578948  0.092097 -2.867111
** 

10.13841
*** 

- 9.071353
** 

DAgro-Ind. ECt 1.641199 0.057688 - -0.166195 - 0.167054 1.641398 
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Table 22: Results of the VECM, (Part II, Model 7) 

 (Residential and Commercial Energy Consumption-GDP-Mining Energy Consumption) 

Significance at the 
***

1% level, the 
**

5% level, and the 
*
10% level, respectively. The R-squared for DRescom ECt, DGDPt and 

DMining ECt are 0.584864, 0.487188 and 0.064475, respectively. D stands for “differenced.”

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics  t-statistics F-statistics 

DRescom ECt  11.93523
*** 

0.572325 -2.210188
** 

4.899143
* 

23.74043
*** 

- 

DGDPt 0.800069  1.110491 -2.218710
** 

5.105277
* 

- 5.747841
* 

DMining ECt 1.007166 0.147525 - -0.363570 - 0.214180 1.143967 
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Chapter 9. Policy Implications 

 

 The results of Parts I and II have been summarized in Tables 23 and 24. The 

results show that growth in exports and GDP have led to increased electricity 

consumption in Peru. In other words, GDP and exports improve the 

predictive power of the time series of electricity consumption. The same 

results were found in the case of imports growth and GDP growth. In the 

case of the models with energy consumption, no long-run co-integrating 

relationships were found. 

 The result of Part I is consistent with the findings of Ghosh (2002), 

Yoo and Kim
6
 (2006) and Mozumber and Marathe (2007), who found 

unidirectional causality from GDP to electricity consumption for India, 

Indonesia, and Bangladesh, respectively, without any feedback. In addition, 

                                            
6
 Yoo and Kim analyzed electricity generation instead of electricity consumption. 
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Narayan and Smyth (2009) found for a panel of six Middle Eastern countries 

(Iran, Israel, Kuwait, Oman, Saudi Arabia, and Syria) evidence of a long-run 

Granger causality running from exports and electricity consumption to real 

GDP; and from exports and real income to electricity consumption, the latter 

causality result being similar to the Peruvian case.  

 The results differ from the findings of Yoo and Kwak (2010), who 

examined the Granger causality effect between electricity consumption in 

seven Latin American countries and found no Granger causality in either 

direction in the case of Peru. However, it should be noted that the data 

period covered in the study (1975-2006), econometric methodology
7
, and 

variables analyzed are different. Yoo and Kwak (2010) examined the short-

run relationship, since they found that real GDP and electricity consumption 

were not co-integrated or, in other words, they had no long-run relationship. 

 On the other hand, Chang and Soruco Carballo (2011), found 

                                            
7
Standard Granger causality test (Hsiao’s version) 
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evidence of short-run unidirectional Granger causality from energy 

consumption to economic growth in the case of Peru. Similar to the present 

study, Chang and Soruco Carballo (2011) found no co-integrating 

relationships between aggregate energy consumption and economic growth; 

but, contrary to the present paper, the short-run causality using the standard 

Granger causality test was examined. 

 Moreover, Sadorsky (2012) found evidence of a long-run causal 

relationship between trade (exports or imports) and energy consumption; 

whereas the present study found no long-run relationships between energy 

and trade. However, Sadorsky (2012) was carried out for a panel of Latin 

American economies, whereas the present study is country-specific. Besides, 

the sample period is different (1980-2007). 

 In relation to energy consumption by economic sectors, in 

accordance with the present study, Fatai et al. (2004) found evidence of 
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causal relationship from real GDP to industrial and commercial energy 

consumption in the cases of New Zealand and Australia in the short-run.  

 

9.1 Part I: Direct Policy Implications 

 

 In general, short-run analysis suggests causality running from Exports to 

Electricity Consumption (Part I, Model 1) and from GDP to Imports (Part I, 

Model 2). Long-run analysis, however, implies that Electricity Consumption 

is caused by Exports and GDP in the first model; and by Imports and GDP in 

the second model. 

 An increase in GDP, exports and imports results in increased 

electricity consumption. A possible interpretation of the results is that, with 

the advancement of the country’s economy and increased commercial 

openness, rapid growth of electricity consumption has occurred in various 

sectors, for example, industrial and commercial sectors, where electricity is a 
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basic input. Also, due to their greater disposable income, households 

consume progressively more electricity. This pattern is similar to what has 

occurred in Asia (Mahadevan and Asafu-Adaye, 2007; Lean and Smyth, 

2010b) and the Middle East (Narayan and Smyth, 2009). 

 Furthermore, Sadorsky (2012) discussed the role of trade expansion 

and energy consumption, and the present paper attempts to link these 

arguments to the electricity sector. Economic growth and exports cause 

expansion in sectors where electricity has been used as a basic input, such as 

the export-oriented (e.g., the mining sector) and related sectors and this 

should increase the demand for electricity (see Figure 6 and Appendix F). 

 Additionally, economic growth and the composition of imports can 

affect electricity consumption since Peru is increasingly importing 

electricity-intensive products, for example, machinery and equipment (e.g., 

capital goods for mining) and household appliances (consumer durables) 
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(see Figure 3). 

 The consistency of the Granger causality results between the short- 

and long-run implies that the same policies can be taken independent of the 

time frame.  

 However, the strong empirical evidence in favor of a long-run 

relationship among the variables also implies the need to synchronize 

planning of electricity production with overall economic planning for GDP 

and international trade policy (e.g., exports growing faster than expected 

could affect the forecasts of future electricity demand). 

 According to the World Bank (2010), the Peruvian electricity sector 

short-term problems experienced during recent years (e.g., low reserve 

margin) were exacerbated by unexpectedly large increases in electricity and 

natural gas demands. Such unexpected surges in electricity consumption in 

the future could be mitigated through such measures as an integrated policy 
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framework.  

 The integrated policy framework could be attained, for instance, via 

creation of an independent planning institution (World Bank, 2010) or the 

formation of committees involving representatives of the Government 

offices responsible for energy, economy and trade. 

 

9.2 Part II: Direct Policy Implications 

 

 In general, a common trend is a short-run causality running from GDP to 

Industrial or Rescom EC in all of the models but model 5 (Rescom EC-GDP-

Fishing EC). Long-run analysis, however, validates the existence of 

bidirectional causality between Energy Consumption in the Industrial, 

Fishing, and Residential and Commercial sectors and GDP; and 

unidirectional causality between Mining and Agro-industrialEC and GDP 
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(see Table 24). The results suggest that energy consumption in the five 

sectors mentioned plays an important role in the production process.  

 If only energy at an aggregate level (and hence the standard VAR 

Granger causality) had been conducted, the importance of energy 

consumption in economic activity would have been misunderstood, since it 

appears that the use of aggregate energy output may be masking the 

differential impact related to the final energy consumption by economic 

sectors (Payne, 2010).  

 One possible explanation of the results obtained is that, in the short-

run, an increase in GDP leads to expansion of the industrial and commercial 

sectors, which require energy as a basic input into the production process. 

Also, higher disposable income increases demand for electronic gadgets for 

entertainment and comfort for households (i.e., in the residential sector) 

(Mishra et al., 2009).The fishing sector, exceptionally, seems to be highly 
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energy dependent in the short-run, as suggested by the short-run 

unidirectional causality from Fishing EC to GDP (see Table 24). 

 Moreover, an increase in energy consumption results in higher GDP 

in the long-run because of the direct effect of energy consumption in the 

economic sectors (industrial, mining, fishing, agro-industrial, commercial) 

which leads to further output in these sectors once production begins; but 

also because higher energy consumption results in an increase in energy 

production, generating employment and energy-related infrastructure 

(Mishra et al., 2009). 

 Empirical results demonstrate that causal relationship shows mixed 

results between short- and long-run causality. However, due to the strong 

long-run co-integrating relationship between energy consumption in the 

residential and commercial, industrial, mining, agro-industry and fishing 

sectors and GDP, the Government could explore the possibility of launching 
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comprehensive energy policies involving different institutions to 

synchronize economic growth with sectoral energy consumption, taking into 

account the long-term (defined as longer than one year) perspectives. 

 The need for greater coordination among relevant ministries (energy, 

transport, environment, finance) in the specific field of energy efficiency 

policy formulation and program implementation has been recommended by 

the APEC Energy Working Group (2011) in order to manage high energy 

demand in the future; however, this coordination could be extended to a 

more general energy policy and involve other relevant economic sectors, 

following the results of the present study. 

 This integrated policy framework could be attained by 

institutionalizing planning through creation of a specialized independent 

planning institution (World Bank, 2010), or by the formation of multi-

sectoral committees (e.g., Korean case) involving the Government offices 
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responsible for energy, mining, economy, industry, manufacturing, fishing, 

agriculture, among others.  

 

9.3 Part I and II: Further Policy Implications  

 

 There is a discrepancy between the results of Part I and Part II, because the 

models that contain electricity consumption, which is part of total energy 

consumption, validate the conservation hypothesis; whereas the models that 

contain total energy consumption by economic sectors validate the growth or 

feedback hypotheses (see Chapter 3). According to Stern (2004), structural 

change in the economy, decreasing energy intensity (due to increased energy 

efficiency), and shifts in the composition of the energy input mean that 

energy and output will drift apart. Hence, as Peruvian economy 

industrializes, following the long-run pattern of energy use in industrial 

economies (Stern, 2004), a shift in the composition of final energy use from 
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direct use of fossil fuels to higher quality
8
 fuels and especially, electricity, is 

expected to occur, and the existing causality relationships could be modified.  

         

9.3.1 Part 1: Further Policy Implications 

 

 The direction of causality suggests that electricity conservation policies, 

including efficiency improvement and demand-side management policies, 

would not adversely affect economic activity or trade promotion policies 

designed to boost economic growth.  

 If this causal relationship were solid enough, Peru could pursue 

more ambitious policies by following, for example, the recommendations of 

APEC Peer Review on Energy Efficiency (APEC Energy Working Group, 

2011): 

                                            
8
Energy quality is the relative economic usefulness per heat equivalent unit of 

different fuels and electricity. It is generally believed that electricity is the highest 

quality type of energy, followed by natural gas, oil, coal, wood and other fuels in 

descending order of quality (Stern, 2004). 
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 The Government of Peru could take the necessary actions to make 

standards mandatory.  

 Provide rebates and incentives to customers implementing electricity 

efficiency projects and employing efficient equipment. 

 Increase thermal plant efficiency through audit and assessment 

protocols to identify existing plant efficiencies and suggest areas for 

improvement.  

 Give the regulator (OSINERGMIN) greater power to enforce 

electricity efficiency requirements and regulations. 

 However, further tests are needed to gauge the relative strength of 

the causality results, for example, the variance decomposition analysis of 

results (Jamil and Ahmad, 2010). Also, Narayan and Smyth (2009) show 

that structural breaks matter to the integration properties of variables as a 

variable may be I(0) once structural breaks are taken into account. 
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9.3.2 Part 2: Further Policy Implications 

 

 The direction of causality detected suggests that energy conservation 

policies which aim to reduce wasted energy, would not adversely affect 

economic activities in the short-run in the residential and commercial or the 

industrial sectors. The fishing sector seems to be relatively more energy 

intensive and energy conservation policies should be carefully evaluated in 

the short-run.  

 These results, however, indicate the need for further tests to gauge 

the relative strength of the causality results since Granger cause analysis is 

sensitive to minor changes in model structure (Yuan et al., 2006). Besides, 

the relatively short span of the time dimension of data leads to lower power 

of conventional unit roots and co-integration tests (Payne, 2010). 

 



 

 

 

 

130 

Table 23: Results of the VECM Summary (Part I) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

1 EC, GDP, 

Exports 

Exports     

to EC 

GDP and 

Exports to EC 

GDP to EC 

Exports to EC 

GDP to EC 

Exports to EC 

2 EC, GDP, 

Imports 

GDP       

to Imports 

GDP and 

Imports to EC 

GDP to EC 

Imports to EC    

Imports to GDP 

GDP to EC 

Imports to EC    

Imports to GDP 

Note: EC stands for Electricity Consumption; SR for Short-Run and LR for Long-Run
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Table 24: Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

1 IEC, GDP GDP to IEC Feed. GDP and 

IEC 

IEC to GDP; 

GDP to IEC 

Feed. IEC and 

GDP 

2 IEC, GDP GDP to REC Feed. REC and 

GDP 

GDP to REC; 

REC to GDP 

Feed. REC 

and GDP 

3 IEC, GDP, 

MEC 

GDP to IEC IEC and MEC 

to GDP 

MEC to GDP;   

IEC to GDP 

MEC to GDP; 

IEC to GDP 

 

 

 

 

 

 



 

 

 

 

132 

 

Table 24 (Cont.): Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and 

LR causality:  

Overall 

causality 

results: 

4 IEC, GDP, 

REC 

GDP to IEC Feed. IEC 

and GDP 

REC to IEC; 

GDP to IEC; 

REC to GDP; 

IEC to REC 

Feed. IEC and 

GDP; Feed. REC 

and IEC; REC to 

GDP 

5 REC, GDP, 

FEC 

GDP to REC; 

REC to GDP, 

FEC to GDP; 

REC to FEC 

Feed. FEC 

and GDP 

GDP to REC; 

FEC to GDP; 

REC to GDP; 

GDP to FEC; 

REC to FEC 

Feed. REC and 

GDP; Feed. FEC 

and GDP; REC 

to FEC 

 

 

 



 

 

 

 

133 

 

Table 24 (Cont.): Results of the VECM Summary (Part II) 

 

Model N° Variables Short-run 

causality: 

Long-run 

causality: 

Joint SR and LR 

causality:  

Overall 

causality 

results: 

6 REC, GDP, 

AEC 

GDP to 

REC 

REC and 

AEC to 

GDP 

GDP to REC; 

REC to GDP; 

AEC to GDP 

Feed. REC and 

GDP; AEC to 

GDP 

7 REC, GDP, 

MEC 

GDP to 

REC 

Feed. REC 

and GDP 

MEC to REC; 

GDP to REC; 

MEC to GDP;REC 

to GDP 

Feed. REC and 

GDP; MEC to 

GDP; MEC to 

REC 

Note: IEC stands for Industrial Energy Consumption; REC stands for Residential and Commercial Energy Consumption; 

MEC stands for Mining Energy Consumption; FEC stands for Fishing Energy Consumption; AEC stands for Agro-

Industrial Energy Consumption; SR stands for Short-Run; LR stands for Long-Run; Feed stands for “feedback relationship” 

(bidirectional causality).    
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Chapter 10. Conclusion 

  

This paper examined the directions of causality and short-term and long-

term structural relationships between Electricity or Energy Consumption and 

GDP, Exports and Imports. The study extends its analysis to include 

examination of final energy consumption by economic sectors in an attempt 

to identify long-term structural relationships concerning Energy. 

 Prior to testing for causality within the VECM framework, ADF and 

KPSS tests were used to examine for unit roots; while the Johansen 

maximum likelihood tests were used to examine co-integration. 

 The first part of the analysis (1971-2011) revealed a short-run 

unidirectional causality from Exports to Electricity Consumption and a long-

run unidirectional causality running from GDP and Exports to Electricity 

Consumption; also a unidirectional causality running from GDP and Imports 
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to Electricity Consumption was found. 

 The second part of the analysis, by economic sectors (1985-2009), 

suggests a short-run unidirectional causality from GDP to either Rescom EC 

or Industrial EC in six out of seven models analyzed. In the long-run, there is 

evidence of bidirectional causality between Energy Consumption and GDP 

in the Industrial, Fishing, and Residential and Commercial sectors and 

unidirectional causality from Energy Consumption to GDP in the Agro-

industrial and Mining sectors.      

 The strong long-run relationship between Electricity consumption, 

GDP and trade variables (Exports and Imports) on the one hand; and GDP 

and Energy Consumption in a number of economic sectors on the other hand, 

suggests the need for greater coordination between different sectors at an 

institutional level to synchronize energy planning and guide sectoral growth. 

This could be done by fostering integrated policy framework among 
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different government institutions. 

 However, the decision as to whether or not to implement energy 

conservation measures according to the direction of causality, as commonly 

suggested by the literature, must be interpreted with a dose of caution and 

further analysis to gauge the relative strength of the causality test results is 

required, such as, variance decomposition analysis or repetition of the 

methodology on the basis of longer time series.  
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Appendix A:  

 

 

GDP by sectors: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013) 

 

 

 

 

 

 

 

 

7% 

1% 

5% 

15% 

2% 

7% 

15% 

39% 

9% 

Agriculture and

Livestock

Fishing

Mining and Fuel

Manufacturing

Electricity and water

Construction

Commerce

Other Services

Taxes on products and

import duties



 

 

 

 

152 

Appendix B:  

 

 

Traditional Exports: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013) 
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Appendix C:  

 

 

Imports: 2011 

(Author’s graph based on data from Peruvian Central Bank (2013)) 
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Appendix D:  

 

 

Energy Consumption by Sectors: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix E:  

 

 

Note: “Others” includes solar, industrial gas and charcoal. 

Energy Consumption Composition: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix F:  

 

 

Electricity Consumption by Sectors: 2009 

(Author’s graph based on data from Balance Nacional de Energía, 2009) 
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Appendix G: Coefficients of the VECM (Part I) 

Note: EC stands for Electricity Consumption. D stands for “differenced” 

 

 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DExportst ECT only DGDPt, ECT DExportst, ECT DECt, ECT 

Test applied F-statistics t-statistics 
 

DECt - 0.093463 0.074342 -0.188062
 

   

DGDPt 0.077834 - 0.028969 -0.011641    

DExportst 0.507090 -0.727127 - -0.146845    



 

 

 

 

158 

Appendix G (Cont.): Coefficients of the VECM (Part I) 

Note: EC stands for Electricity Consumption. D stands for “differenced” 

. Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DECt DGDPt DImportst ECT only DGDPt,ECT DImportst, ECT DECt, ECT 

Test applied F-statistics t-statistics 
 

DECt - 0.032511 0.020264 -0.209830    

DGDPt -0.034680 - -0.037009 -0.044077    

DImportst -.0246486 1.631538 - 0.062898    
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Appendix H: Coefficients of the VECM (Part II) (Model 1) 

  

 Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt ECT only DGDPt,ECT DIndustrial ECt,ECT 

Test applied F-statistics t-statistics  

DIndustrial ECt - 0.000000938 -0.000000554 - - 

DGDPt -3548.21 - -0.33612 - - 

Note: D stands for “differenced.” 
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 2) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt ECT only DGDPt,ECT DRescom ECt,ECT 

Test applied F-statistics t-statistics 
 

DRescom ECt - 0.000000852 -0.178751   

DGDPt 139745.1 - -143397.1   
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 3) 

Note: D stands for “differenced” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt DMining ECt ECT only 
DMining ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial ECt, 

ECT 

Test applied F-statistics  t-statistics 
 

DIndustrial ECt - 0.000000915 0.396309 0.248458 
-

0.000000562 
   

DGDPt 6396.719  22171.61 186313 -0.41988    

DMining ECt 0.054109 -0.000000247 - -0.120952 0.000000284    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 4) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DIndustrial ECt DGDPt DRescom ECt ECT only 
DRescom ECt, 

ECT 

DGDPt, 

ECT 

DIndustrial ECt, 

ECT 

Test applied F-statistics t-statistics 
 

DIndustrial ECt - 0.00000134 0.072902 -0.458560 -0.000000719    

DGDPt 20545.75 - 108589.6 57631.36 -0.312909    

DRescom ECt -0.185809 0.000000521 - 0.520663 0.0000000376    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 5) 

Note: D stands for “differenced.” 

Peru 
Sources of Causality 

Short-run effects Long-run effects Joint short and long-run 

Dependent variable DRescom ECt DGDPt DFishing ECt ECT only 
DFishing ECt, 

ECT 

DGDPt, 

ECT 

DRescom ECt, 

ECT 

Test applied F-statistics  t-statistics 
 

DRescom ECt - 0.00000078 -0.156355 -0.137707 0.0000000863    

DGDPt 281327.9 - 342386.5 -250158 0.0315    

DFishing ECt 0.235767 0.000000189 - -0.278323 -0.000000104    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 6) 

Note: D stands for “differenced.” Agro-Ind. EC stands for Agro-Industrial EC. 

 

 

Peru Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DRescom ECt DGDPt DAgro-Ind. ECt ECT only DAgro-Ind. ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt, ECT 

Test applied F-statistics  t-statistics 
 

DRescom ECt  0.000000859 0.333436 -0.135286    

DGDPt 146510.8 - -119590.9 -172974.6    

DAgro-Ind. ECt 0.088087 0.0000000266 - -0.005913    
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Appendix H (Cont.): Coefficients of the VECM (Part II) (Model 7)\ 

Peru 

Sources of Causality 

Short-run effects 
Long-run 

effects 
Joint short and long-run 

Dependent variable DRescom ECt DGDPt DMining ECt ECT only 

DMining ECt, 

ECT 

DGDPt, 

ECT 

DRescom 

ECt,  

ECT 

Test applied F-statistics t-statistics 
 

DRescom ECt  0.000000903 -0.133548 -0.186261   - 

DGDPt 114834.2  -139383 -140097.9    

DMining ECt 0.240658 -0.00000014 - -0.042881    

Note: D stands for “differenced.” 
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Appendix I: Time Series Plots (Part I) 
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Appendix J: VAR results (Part I) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Electricity  

Consumption- 

GDP-Exports 

2 2 1 2 

Electricity 

Consumption-

GDP-Imports 

2 2 1 2 

Energy 

Consumption-

GDP-Exports 

2 1 1 1 

Energy 

Consumption-

GDP-Imports 

2 2 1 2 
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Appendix K: Co-integration Test Specifications (Part I) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Electricity 

Consumption- 
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1-2 Trace 1 1 1 1 2 

Max-
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1 1 1 1 2 

Electricity 
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1-2 Trace 1 1 2 1 2 

Max-
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1 1 0 1 1 

Energy 
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1-1 Trace 0 0 0 0 1 

Max-

Eig 

0 0 0 1 1 

Energy 
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1-2 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 
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Appendix L: Normalized Co-integrating Equations (Part I) 

Log likelihood: 152.4496 

Electricity 

Consumption 

GDP Exports C 

1.000000 -1.995355 0.284528 25.02873 

 (0.09655) (0.10305) (2.22192) 

 [−         ] [3   3   ] [         ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 152.4496 

GDP Electricity 

Consumption 

Exports C 

1.000000 -0.501164 -0.142595 -12.54350 

 (0.02551) (0.04744) (0.54030) 

 [−         ] [−3       ] [− 3       ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 152.4496 

Exports Electricity 

Consumption 

GDP  C 

1.000000 -7.012860 3.514593 87.96579 

 
1.10234 0.63259 13.4282 

 
[−  3     ] [        ] [        ] 

Note: (standard error in parentheses) 

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix L (Cont.): Normalized Co-integrating Equations (Part I) 

Log likelihood: 167.8661 

Electricity 

Consumption 

GDP Imports C 

1.000000 -1.944744 -2.100327 29.82503 

 (0.33938) (0.72347) (7.85593) 

 [−   3    ] [    3   ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 167.8661 

GDP Electricity 

Consumption 

Imports C 

1.000000 -0.514207 1.080002 -15.33622 

 (0.09442) (0.35195) (2.24436) 

 [−        ] [3      3] [−   33   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

Log likelihood: 167.8661 

Imports Electricity 

Consumption 

GDP  C 

1.000000 -0.476116 0.925924 -14.20018 

 (0.35103) (0.61378) (7.49685) 

 [−  3  3  ] [        ] [−       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix M: Time Series Plots (Part II) 
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Appendix N: VAR results (Part II-Bivariate Models) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Industrial EC- 

GDP 

2 2 1 2 

Mining EC-

GDP 

2 1 1 1 

Fishing EC-

GDP 

2 1 1 1 

Agro-

Industrial EC-

GDP 

2 1 1 1 

Transportation 

EC-GDP 

2 1 1 1 

Rescom EC-

GDP 

2 2 2 2 

Exports-GDP 2 1 1 1 
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Appendix O: Co-integration Test Specifications (Part II-Bivariate Models) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Industrial EC-

GDP 

1-2 Trace 1 1 1 1 2 

Max-

Eig 

1 1 1 1 2 

Mining EC-

GDP 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 

Fishing EC-

GDP 

1-1 Trace 0 0 0 0 1 

Max-

Eig 

0 0 0 1 1 

Agro-

Industrial EC-

GDP 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 

Transportation 

EC-GDP 

 

1-1 Trace 0 0 0 0 0 

Max-

Eig 

0 0 0 0 0 
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Model Lag 

intervals 

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Rescom EC-

GDP 

1-2 Trace 2 2 1 0 0 

Max-

Eig 

0 2 1 1 0 

Exports-GDP 1-1 Near Singular Matrix 
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Appendix P: Trivariate Model Construction 

 

Variable 1 Variable 2 Variable 3 Co-integration 

Industrial EC GDP Mining EC Yes 

Industrial EC GDP Fishing EC No 

Industrial EC GDP Agro-Industrial EC No 

Industrial EC GDP Transportation EC No 

Industrial EC GDP Rescom EC Yes 

Industrial EC GDP Exports Near singular matrix 

Note: no co-integration was found in 4-variable model 

 

Variable 1 Variable 2 Variable 3 Co-integration 

Rescom EC GDP Industrial  Yes 

Rescom EC GDP Mining EC Yes 

Rescom EC GDP Fishing EC Yes 

Rescom EC GDP Agro-Industrial EC Yes  

Industrial EC GDP Transportation EC No 

Industrial EC GDP Rescom EC Yes 

Industrial EC GDP Exports Near singular matrix 

Note: no co-integration was found in 4-variable model 
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Appendix Q: VAR Results (Part II-Trivariate Models) 

 

Model Lag Length 

Specification 

AIC SC HQ 

Industrial EC-

GDP-Mining 

EC 

2 2 1 1 

Industrial EC-

GDP-Rescom 

EC 

2 2 1 2 

Rescom EC-

GDP-Fishing 

EC 

2 2 1 2 

Rescom EC-

GDP-Agro-

Industrial EC 

2 2 1 1 

Rescom EC-

GDP-Mining   

EC 

2 2 1 1 
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Appendix R: Co-integration Test Specifications (Part II-Trivariate Models) 

 

Model Lag 

intervals  

Data 

Trend: 

None None Linear Linear Quadratic 

Test 

Type 

No 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

No 

Trend 

Intercept 

Trend 

Intercept 

Trend 

Industrial EC-

GDP-Mining 

EC 

1-2 Trace 1 1 1 2 3 

Max-

Eig 

1 1 1 2 1 

Industrial EC-

GDP-Rescom 

EC 

1-2 Trace 1 3 1 2 1 

Max-

Eig 

1 3 1 2 1 

Rescom EC-

GDP-Fishing 

EC 

1-2 Trace 2 3 2 2 1 

Max-

Eig 

2 3 2 2 1 

Rescom EC-

GDP-Agro-

Industrial 

1-2 Trace 1 2 1 1 1 

Max-

Eig 

0 1 1 1 1 

Rescom EC-

GDP-Mining 

EC 

1-2 Trace 0 1 1 2 3 

Max-

Eig 

0 1 1 2 3 
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Appendix S: Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -7.189671 

Industrial EC GDP @TREND(86) 

1.000000 -0.0000181 63784.82 

 -0.0000056 (0.72347) 

 [3  3     ] [            ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -7.189671 

GDP Industrial EC @TREND(86) 

1.000000 -55218.94 -3520000000 

 (169882) -550000000 

 [  3    3] [    ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -7.113254 

Rescom EC GDP 

1.000000 -0.000000508 

 0.00000017 

 [−      3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -7.113254 

GDP Rescom EC 

1.000000 -1968017. 

 (381484.) 

 [−        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

Industrial EC GDP Rescom EC @TREND 

(86) 

1.000000 0.000000 -1.931294 -661.2089 

  (0.21994) (457.237) 

  [−        ] [−        ] 

0.000000 1.000000 -2099527. 3860000000 

  (587126.) 1200000000 

  [−3     3 ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

Rescom EC Industrial EC GDP @TREND (86) 

1.000000 0.000000 -0.00000092 -4212.234 

  (-0.00000051) (1043.66) 

  [−    3   ] [   3    ] 

0.000000 1.000000 -0.000000476 -1838.676 

  (0.00000043) (883.093) 

  [−        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -906.9178 

GDP Industrial EC Rescom EC @TREND (86) 

1.000000 0.000000 -2099527. 3860000000 

  (587126.) (1200000000) 

  [−3     3 ] [3       ] 

0.000000 1.000000 -1.931294 -661.2089 

  (0.21994) 457.237 

  [−        ] [−        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

Industrial EC GDP Mining EC @TREND 

(86) 

1.000000 0.000000 13.47089 -23608.49 

  (1.93413) (2826.20) 

  [      3 ] [  3 3 3 ] 

0.000000 1.000000 5801027 -11800000000 

  (896960) -1300000000 

  [      3 ] [       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

Mining EC Industrial EC GDP @TREND 

(86) 

1.000000 0.000000 0.000000172 -2027.182 

  (-0.0000001) (214.245) 

  [    ] [−        ] 

0.000000 1.000000 -0.00000232 3699.352 

  (-0.00000035) (723.195) 

  [        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -912.5963 

GDP Industrial EC Mining  

EC 

@TREND (86) 

1.000000 0.000000 5801027 -11800000000 

  (896960.) -1300000000 

  [      3 ] [       3] 

0.000000 1.000000 13.47089 -23608.49 

  (1.93413) (2826.20) 

  [      3 ] [  3 3 3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

Rescom EC GDP Fishing  

EC 

1.000000 0.000000 1.572039 

  (0.20370) 

  [       3] 

0.000000 1.000000 2410627. 

  (487255.) 

  [     3  ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

Fishing  

EC 

Rescom EC GDP 

1.000000 0.000000 0.000000415 

  0.000000091 

  [        ] 

0.000000 1.000000 -0.000000652 

  0.0000002 

  [−3   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

2 Co-integrating Equations(s): Log likelihood: -898.6374 

GDP Rescom EC Fishing  

EC 

1.000000 0.000000 2410627. 

  (487255.) 

  [     3  ] 

0.000000 1.000000 1.572039 

  (0.20370) 

  [       3] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

Rescom  

EC 

GDP Agro-Industrial 

EC 

1.000000 -0.000000379 2.751482 

 (0.00000013) (0.87306) 

 [     3  ] [3     3 ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

Agro-Industrial 

EC 

Rescom  

EC 

GDP 

1.000000 0.363441 -0.000000138 

 (0.05075)   (0.00000005) 

 [     3  ] [−    ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -894.7170 

GDP Agro-Industrial 

EC 

Rescom  

EC  

1.000000 -7252283. -2635773. 

 (2505991) (377871.) 

 [    3   ] [     3  ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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Appendix S (Cont.): Normalized Co-integrating Equations (Part II) 

 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

Rescom EC GDP Mining 

EC 

1.000000 -0.000000865 0.669083 

 (0.00000015) (0.20404) 

 [        ] [3       ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

Mining 

EC 

Rescom  

EC 

GDP 

1.000000 1.494583 -0.00000129 

 (0.18309)   (0.00000015) 

 [    3   ] [   ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 

1 Co-integrating Equations(s): Log likelihood: -917.0267 

GDP Rescom  

EC 

Mining  

EC  

1.000000 -1156566. -773838.7 

 (133089.) (148602.) 

 [        ] [        ] 

Note: (standard error in parentheses)  

[𝑡 −  𝑡 𝑡  𝑡             𝑡 ] 
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초    록 

 

에너지 소비가 페루경제성장에  

미치는 영향에 관하여 

 

 

카를로 마리오 프랑키니 이루호 

기술경영 경제 정책과정 

공과대학 

서울대학교 

 

 

본 논문은 1971년부터 2010년까지의 페루 전력 및 

에너지소비와 국내 총생산(GDP), 수입 및 수출 대비 GDP 등의 

경제변수가 가지는 인과관계의 방향과 장, 단기적 구조관계를 

살펴본다. 본지는 산업, 광업, 어업, 농공업, 교통, 주거, 상업, 
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공공 분야를 아우르는 다양한 경제부문의 전력 소비(1985-

2009)를 분석한다.   

본 연구의 결론은 수출과 전력소비의 단기적 일방향성 

인과관계와 GDP와 수출이 전력소비로 연결되는 장기적 

일방향성 인과관계 및 GDP와 수입이 전력소비로 이어지는 

장기적 일방향성 인과관계를 보여준다. 

 

주요어: (에너지, 전기, 공적분, 그랜저 인과성) 

학번: (2012-22601) 
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