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Abstract 

This research involves an econometric analysis, using a vector autoregressive model, 

of the nexus between economic activity, as represented by gross domestic product, and 

electric production and consumption, as measured in gigawatts per hour, of the Republic of 

Colombia. This research also includes a deeper analysis of the current energy situation and its 

effect on the economic growth and development of the nation, which previous literature 

lacks. The objective of this research is to identify the problems within Colombia’s energy 

portfolio as well as the current opportunities for expansion and security of its energy supply. 

By identifying current challenges, such as poor management and legal inefficiency, and using 

the results of the model in which both conservation and feedback patterns are present, 

projects and potential can be better handled with a renewed attitude towards the current 

energy portfolio.  
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Introduction 

The ever-changing political and economic climate with growth-aimed policies have 

increased many countries’ income per capita but have also created a myriad of other 

problems for society to face, amongst which is environmental deterioration. The production 

and consumption of energy is a vital topic of discussion pertaining environmental protection, 

as it contributes to nearly 50 % of worldwide CO2 emissions (World Bank, 2014). Energy has 

three main uses: electricity, heat, and transport. The usage of energy in any of the three 

manners concerns most economic activity, which results in an interconnected debate 

including the environment, energy, and economic activity. The focus of this paper will be 

electric energy. 

One approach to reduce CO2 emissions is to reduce consumption of electricity by 

reducing demand and thus production of electricity. In other words, the government can set 

out campaigns to increase consciousness in residential and non-residential areas about 

wasting energy or can even set rationing policies. However, there is a caveat to this approach: 

energy is related to economic activity. For example, it could be that reducing energy 

consumption reduces overall consumption, in turn reducing GDP. Hence, energy 

conservation can harm economic activity, and policies to protect the environment in such 

manner can backfire and create more problems than they solve. The nexus between energy 

and economic activity can vary throughout countries and research that shows the direction, 

and at times the magnitude, of the relationship is essential for the tailored making of laws and 

regulations. 

Another approach to reduce energy’s detrimental effect on the environment, without 

reducing electric consumption or production, is renewable energy; as opposed to 

conventional energy, such as fossil fuels, like coal and natural gas, renewable energy sources 
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include biomass, wind, solar, hydropower, and geothermal, and can meet the world’s energy 

demand (Herzog, 2001). According to the Union of Concerned Scientists (2017), coal emits 

between 1.4 and 3.6 pounds of CO2E/kWh, while wind, solar, geothermal, and hydroelectric 

emit, at most, 0.1 to 0.5 pounds of CO2E/kWh. Additionally, renewable energy can have 

other positive effects, such as providing unskilled jobs, improving public health, and 

improving reliability of energy supply (Herzog et al., 2001; Union of Concerned Scientists, 

2017).  

This research will be using the Republic of Colombia as a setting, a country 

representative of Latin America as it both has a large proportion of hydroelectricity as well as 

large potential for other renewable energy sources. Colombia presents an interesting case as it 

has the potential for different energy sources, such as wind and solar, to thrive thanks to its 

various climates throughout its different departments (Hurtado Moreno et al., 2017).1 

Nonetheless, Colombia faces multiple obstacles, such as corruption and legal inefficiency, 

which will contribute further to an in-depth discussion about energy and economic 

development.  

According to Rico (2018), dams are said to reduce poverty, reduce environmental 

risks, and create jobs. However, climate change is reducing the dependency of 

hydroelectricity in Colombia through, for example, longer dry seasons. Dams have 

additionally displayed dangerous side effects historically, such as community displacement 

(RCN, 2016). Over the past years, the Magdalena River, where most of the country’s 

hydroelectric plants and dams are based, has suffered a 90% reduction in fishing activity due 

to the amount of habitat displacement the river’s fauna has suffered (Lasso, 2011). 

                                                 
1 Departments are Colombia’s political subdivisions, akin to a state in the United States of America, or a 

province, in the Netherlands. 
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Additionally, the disaster of Hidroituango, which was said to be the biggest dam Colombia 

would ever have, has displaced 11,000 people (Sputnik, 2018). Hence, it is important to 

understand the relationship energy and economic activity have holistically, but also to 

analyse the potential of other sources, their feasibility, and any other externalities that may be 

created.  

The objective of this research is to identify the problems within Colombia’s energy 

portfolio as well as the current opportunities for expansion and security of its energy supply. 

The questions we answer in this research are, 

1. How do electric energy and economic activity relate in Colombia? 

2. What are the economic, social, and environmental effects of Colombia’s 

current energy portfolio? 

3. To what extent can Colombia improve its electric energy supply? 

While there is plentiful existing literature concerning the nexus of energy and 

economic activity to be explored below (e.g. Kraft & Kraft, 1978; Apergis & Tang, 2013), 

the research reduces considerably concerning Latin American countries. Furthermore, 

although research focusing on a single country’s energy supply exists, few papers analyse the 

current electric energy situation in a country and the implications the results can have on 

future projects. Consequently, this research contributions’ place in the existing literature is 

that of expanding and deepening energy economics analysis, in our case, using Colombia’s 

current situation and prospects.2  

This paper will be divided as follows: first, previous literature will be analysed and 

categorised in the literature review. Following the literature review, there will be a data and 

                                                 
2 It is worth noting that the author of this research is neither an engineer nor an environmental scientist, thus 

reader discretion is advised. There are multiple possible expansions and many simplifications made, to 

efficiently and clearly complete the research goals. 
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methodology section where important aspects of the dataset, data collection, and methods to 

be used will be elaborated on. Next, a Granger-causality analysis will be carried out using the 

data collected. After a nexus has been established, current events relating to the energy 

supply as well as potential projects will be considered in context with the results of the 

previous section. Finally, a limitations and further research sections and a conclusion section 

will end the paper. 

Literature Review 

Energy Consumption and Economic Activity 

With the pioneering results of Kraft and Kraft (1978) on the relationship between 

energy and economic activity, whose results will be expanded below, came numerous 

empirical studies attempting to verify the newly-found unidirectional relationship from 

economic activity, as represented with GDP, to electric energy consumption (EC). These 

studies can be classified depending on their results, which are sensitive to methodology and 

time frame, leaving four different hypotheses to be supported, which are the growth, 

conservation, feedback, and neutrality hypotheses. Table 1 summarises the hypotheses. 

The growth hypothesis surrounds the idea that energy consumption leads to economic 

growth. If results support the growth hypothesis, the policy implications are that any 

conservational measures to reduce energy consumption will harm growth. Apergis and Tang 

(2013) found that 46 countries out of their sample of 85 presented positive evidence towards 

Table 1 – Summary of Hypotheses 

Direction Corresponding Hypothesis 

𝐺𝐷𝑃 ⇐ 𝐸𝐶 Growth      

𝐺𝐷𝑃 ⇒ 𝐸𝐶 Conservation       

𝐺𝐷𝑃 ⇔ 𝐸𝐶 Feedback       

𝐺𝐷𝑃 ⇎ 𝐸𝐶 Neutrality        
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the growth hypothesis, while also carrying out a more advanced analysis revealing that the 

growth hypothesis was more likely supported by bivariate or trivariate models, as well as 

being more present in countries with high- and middle-income levels.  

 Conversely, the conservation hypothesis states the opposite idea, that economic 

growth leads to energy consumption. In the conservation case, higher economic growth is 

implied to lead to more energy demand and thus, more energy consumption; energy 

conservation measures will not have an effect on growth given that the causality goes the 

opposite way. Kraft and Kraft’s (1978) pioneering work provided evidence for the 

conservation hypothesis using data of the post-war period in the United States of America. 

Multiple papers have followed their steps, including Masih and Masih (1996), where six 

Asian countries were tested and resulted in various results per country, including a 

relationship from income to energy for Indonesia in the period of 1960-90; the other 

countries present mixed evidence, for example, the Philippines (1955-91) and Singapore 

(1960-90) present evidence for the neutral hypothesis, both of which will be covered below.  

 The feedback hypothesis combines the aforementioned two theories, wherein a 

bidirectional causality running both from energy consumption and economic activity is 

found. Similar to the growth and conservation hypothesis’s implications, energy conservation 

measures will affect growth negatively, perhaps through the trade balance (Raza, Shahbaz, 

Nguyen, 2014), although any path proposed is up for debate. Asafu-Adjaye (2000) 

contradicts the findings of Masih and Masih (1996), as they find that the Philippines (1971-

1995) provides evidence for the feedback hypothesis. In addition to the Philippines, Thailand 

also demonstrates feedback patterns. Similarly, Yang (2000) studied Taiwan in the time 

period of 1954 to 1997 and found evidence supporting the feedback hypothesis. 
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 Lastly, the neutrality hypothesis states that there is no relationship whatsoever 

between energy consumption and economic growth – any measures relating to energy 

consumption will not have any effect on economic activity. Cheng (1997) finds no causality 

between energy consumption and economic growth for Mexico and Venezuela, although they 

do note that Brazil did present a causality from energy consumption to real GDP, providing 

further evidence for the growth hypothesis covered earlier. More recently, Yıldırım, 

Sukruoglu, and Aslan (2014) expanded the data to encompass the Goldman Sachs’ “Next 11” 

countries. While their results vary depending on the methodology used, no country, except 

Turkey, had a consistent causal relationship, which is interpreted as having the neutrality 

hypothesis be valid for all of the countries except for Turkey. 

Renewable Energy and economic activity 

 Literature concerning the direction and magnitude of causality between renewable 

energy and economic activity is scarce, and mostly contemporary (e.g. Ohler & Fetters 2014; 

Bildirici, 2016; Chien & Hu, 2008). Literature on the renewable energy and economic 

activity nexus takes multiple forms – the first form is analysing the nexus using the four 

hypotheses as before. Policy implications are similar, except that when using RE, the policies 

would not be focusing on the conservation of energy but rather the stimulation of the 

industry. Ohler and Fetters (2014) conducted a regression analysis of RE sources, such as 

geothermal and hydroelectric, amongst others, to determine if there was variability between 

the sources and the hypothesis, using worldwide data. Their findings show that there is 

evidence for the growth, conservation, and feedback hypotheses for certain RE sources, and 

furthermore, some sources prove to have a stronger relationship with economic growth in the 

long run, such as hydroelectric, a source which supports the feedback hypothesis in their 

sample.  



ELECTRIC ENERGY AND ECONOMIC GROWTH AND DEVELOPMENT IN 

COLOMBIA (2001-2015) 

 

11 

Similarly, Bildirici’s (2016) results were more focused on hydropower for six 

countries, and they found support for the conservation hypothesis for Brazil, France, Mexico, 

and Turkey, and for the feedback hypothesis for Canada, Finland, Japan, and the US, in the 

short-run; in the long-run, empirical results support the conservation, growth, and feedback 

hypotheses. Solarin and Ozturk (2015), focusing, like Bildirici (2016), on hydropower and 

seven countries in Latin America, found similar results, the growth hypothesis was supported 

for most countries, excluding Argentina and Venezuela, which display trends resembling the 

feedback hypothesis in the long-run. Finally, Aspergis and Payne (2011) find evidence for the 

feedback hypothesis in Central America from 1980 to 2006, in both the short run and the long 

run. 

Other research attempts to find the manner or pathway in which RE can affect 

economic activity. Chien and Hu (2008) hypothesised on three different pathways RE 

consumption can affect GDP: through business expansion and capital formation, and through 

a better trade balance. Amongst their findings, there is evidence for a positive relationship 

between RE and capital formation, which supports their first hypothesised pathway, as well 

as a negative relation between RE and energy imports, which did not support the pathway of 

trade balance. Additionally, Aspergis and Payne (2011) found that renewable energy 

consumption affected economic growth through positively impacting real gross fixed capital 

formation. 

Finally, one can find studies on the elasticities of the RE market. Sadorsky (2009), in 

addition to determining causality, analysed the impact of price changes in the electricity 

market and the renewable energy market and found that the latter is “much more sensitive to 

electricity price changes than the [former’s] market as a whole”; additionally, they found that 

income elasticities for RE were also greater in magnitude than for the electricity market, 
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although both elasticities are negative, indicating inferior goods. Bildirici (2016) also found 

negative income elasticities for Brazil, Canada, Finland, Mexico, and the USA, although 

smaller in magnitude.  

Methodology 

Data 

Data was compiled from a variety of sources, including government agencies and 

national databases of Colombia, mostly from the Unit of Mining and Energy Planning, the 

Statistics National Administrative Department, and the International Energy Agency.3 For an 

overview of the data, consult Appendix A.  

Data was particularly hard to find and interpret due to the fact that Colombia’s energy 

grid functions through an interconnected system called the National Interconnected System 

(NIS).4 The NIS allows for energy produced in a different department be available across the 

country, dismantling regional monopolies and expanding coverage to areas not reached 

before.5 A map of NIS can be found in Appendix B, while a map of the country can be found 

in Appendix C. Increased interconnectedness also increases dependency on electrical 

production in other departments, and uncontrollable natural phenomena that only affect 

certain regions, such as El Niño or La Niña, can have devastating effects on citizens covered. 

The data compiled has 15 observations spanning from 2001 to 2015. The first of our 

variables of interest is gdpk, which is the Colombian GDP measured in billions of 2005 

Colombian pesos (COP).6 The second variable is consm, the amount of electric energy 

consumed in gigawatts per hour (GWh). Then, the variable prod represents the total 

                                                 
3 In Spanish, Unidad de Planeación Minero-Energética, and Departamento Administrativo Nacional de 

Estadística. 
4 In Spanish, Sistema Interconectado Nacional. 
5 http://www.laguiasolar.com/sistema-interconectados-en-colombia/ 
6 A billion in Colombia is considered a milliard. 
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production of energy produced for electric purposes in GWh in Colombia. Finally, renw 

represents the production of energy produced for electric purposes from renewable energy 

sources, excluding hydroelectric7, in GWh. The variables chosen to compose the model were 

based on previous literature (see Chien & Hu, 2008; Sadorsky, 2009). However, production 

of electricity was chosen in place of consumption as it was difficult, if not impossible, to 

gather data on energy consumed with renewable energy source as an origin. It is assumed that 

the effect is highly similar, but a cautious interpretation was carried out. Table 2 shows 

summary statistics of our variables. 

In terms of the statistical properties, all of our variables have positive covariances 

with each other. Figure 1 shows a scatterplot matrix showing the positive trends with each 

other. The only variable that does not seem as linear as the others is renw, shown in row 4, 

whose trends seems non-linear attributed to a spike in biofuel production around 2010.  

  

                                                 
7 The exclusion of hydroelectric energy is due to the fact that it is very different to other renewable energy 

sources. Additionally, as will be covered below, hydroelectric energy is considered a conventional energy 

source by the Colombian government. 

Table 2 – Summary of Variables  

 Variables 

variables min max st. dev. mean 

gdpk 289539      531262 80101.41 400632.7 

consm 35190       51849 6067.205 43839.53 

prod 43442       70111 8732.093 56567.33 

renw 491        2456 834.0675 1199 

Note: gdpk is measured in constant billions of 2005 COP. consm, prod, and renw are measured in GWh.  
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Methods 

In pursuance of the understanding of the direction of the causality between GDP and 

the rest of the variables included, a vector autoregressive model (VAR) will be constructed 

using Stata. A VAR model is a collection of estimations of various autoregressive equations 

using the variables involved, and has many advantages for macroeconomic studies, such as 

minimising assumptions, and accounting for endogeneity (Bjørnland, 2000). Moreover, 

adding more explanatory variables, such as production of energy, to the model can decrease 

the chance of spurious results (Yıldırım et al., 2014). The VAR approach is also used by 

previous literature, such as Yıldırım et al. (2014) and Chiou-Wei (2008).  

Granger causality is a type of causality that involves using the information of different 

series and evaluating if including the series, 𝑋𝑡, helps in prediction of series 𝑌𝑡 (Granger, 

Figure 1 – Scatterplot Matrix of Modelled Variables 
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1969). In other words, if 𝑋𝑡 Granger-causes 𝑌𝑡, then 𝑋𝑡 has some predictive power of future 

values of 𝑌𝑡. Granger causality involves testing the joint significance of the coefficients of the 

variables of interest – in the simplest bivariate models, causality is determined through an F-

test on all the coefficients of the lagged variable of interest, 𝑋𝑡−𝑘, on the regression of 𝑌𝑡, and 

vice-versa. Apergis and Payne (2010), Masih and Masih (1996), Ohler (2014), and more use 

Granger causality to support their empirical models.  

Other methods are also possible such as OLS panel estimates, vector error-correction 

models (VECM), and other econometric methods with varying complexity (Sadorsky, 2009; 

Solarin & Ozturk, 2015). Their advantages usually work with the statistical properties of the 

variables; for example, VECM is best for variables cointegrated at 𝐼(1). Other causality 

methods, such as the Toda-Yamammoto-Dolado-Lütkepohl causality (Apergis & Tang, 2013) 

have been used in order to solve problems pertaining to sample size and pre-testing biases.  

Although all methodology and causality methods were considered, methods that 

solved drawbacks of VAR and Granger causality were utilised an advanced econometrical 

methodology, which the data and sample were insufficient for. Regardless, analysis was 

always made with caution, knowing the methodology chosen is extremely sensitive to 

specification and the statistical properties of the variables. 

The main objective of this research is not to model Colombia’s energy system to 

perfection – it is instead to explore the implications of an energy system which has a major 

share of renewable energy within. It is important to clarify the exact nature of the relationship 

between energy and economic activity, yet it is of equal importance to identify future 

prospects and risks that the country might be imposing on itself. A combination of a model 

and detailed analysis of the current situation is a way to create a causal analysis with 

implications, which many of the previous literature lacks (such as Cheng, 1997; Yang, 2000). 
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Energy-Economic Activity Nexus 

Stationarity Check 

 Granger causality requires variables to be stationary in order to avoid spurious 

regressions. An Augmented Dickey Fuller (ADF) test was conducted to determine if any of 

the variables have unit roots, which would indicate that the variables’ statistical properties are 

affected by time. An ADF test’s null hypothesis is that the variable does have a unit root, and 

the rejection rule is to reject 𝐻0 if the t-value is less than the Dickey-Fuller critical value. The 

results of the ADF test are displayed in Table 3.  

As illustrated, for the variable gdpk the null hypothesis fails to be rejected; it is non-

stationary when expressed in levels. Expressing gdpk in first-differences allows for 

stationarity at the 10 % significance level. On the other hand, the null hypothesis that consm, 

in levels, has a unit root is rejected; consm is stationary – it is unnecessary to express it in 

first-differences. Specifying prod in levels is enough to reject the null hypothesis that the 

variable has a unit root. Finally, renw is better specified in first-differences due to the fact 

that it is found to be stationary in levels.   

Table 3 – Unit Root Results –Augmented Dickey Fuller Test 

Variable Levels First-differences 

gdpk -1.823(3) -4.918(3)***   

consm -4.000(3)**     -2.995(3) 

prod -3.688(4)** -1.259(4) 

renw -2.576(0) -4.270(0)** 

Note: 1. number of lags included is expressed in parentheses, and they were chosen through Ng and Perron 

(1995) criterion. This criterion was chosen as ADF and Granger causality are extremely sensitive to lag 

specification and AIC tends to overestimate the number of lags that should be included. 

          2. *, ** and *** indicate 10%, 5%, and 1% significance level respectively.  
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Usually, following an ADF test, a test for cointegration is performed. If variables are 

cointegrated, their statistical properties vary together, and their error term is stationary. 

Expressing variables in first-differences while they are cointegrated may distort results. 

However, such tests, like Pedroni (1999) or Engle and Granger (1987), should only be 

performed when all the variables in question are non-stationary. Since in our results only 

gdpk and renw presented themselves as non-stationary, it is unnecessary to perform a 

cointegration test, and we keep our specification with these variables expressed in first-

differences. 

Granger Causality 

 As previously mentioned, to determine Granger-causality, a series of F-tests have to 

be performed. By using our results above to determine the right specification, we construct a 

three-lag VAR model using d.gdpk, which is the first-difference of gdpk, consm, prod, 

d.renw, which is the first-difference of renw, and year, to control for trends. 

On the VAR model, presented in Appendix D, we run F-tests where the null 

hypothesis is that there is no Granger-causality, that is, that including past values of the 

independent variable do not have a better predicting power than the past values of the 

dependent variable.  
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 The results of the Granger causality tests are presented in Table 4. The results show 

that, for Colombia, GDP Granger-causes the consumption of electricity at the 5 % 

significance level. However, there is not enough evidence to support Granger-causality via 

consumption of electricity to GDP – consumption of electricity does not Granger-cause GDP. 

Thus, there is evidence for the conservation hypothesis, which means that in Colombia, 

energy conservation measures will not have an effect on growth. This relationship is in line 

with similar evidence provided by Kraft and Kraft (1978), and Masih and Masih (1996). 

Additionally, the results support the rejection of the null hypothesis for prod and 

renw, implying that the production of electric energy and the production of renewable electric 

energy are Granger-caused by GDP. There is also enough evidence to state that GDP is 

Granger-caused by the production of electric energy and the production of renewable electric 

energy. Thus, it is shown that a mechanism of feedback is present, where economic growth 

will lead to more generation of electricity, perhaps through additional projects, which will 

then promote growth. On the other hand, it is implied that any failures in generating 

electricity, regardless of the source, will harm growth, which could occur through a decrease 

Table 4 – Granger Causality Results  

Dependent Variable Null Hypothesis 𝜒2-value Prob > 𝜒2   

d.gdpk   𝑐𝑜𝑛𝑠𝑚 ⇏ 𝑑. 𝑔𝑑𝑝𝑘 4.4063 0.110 

𝑝𝑟𝑜𝑑 ⇏ 𝑑. 𝑔𝑑𝑝𝑘 9.257 0.010 

𝑑. 𝑟𝑒𝑛𝑤 ⇏ 𝑑. 𝑔𝑑𝑝𝑘 17.667 0.000 

consm 𝑐𝑜𝑛𝑠𝑚 ⇏ 𝑑. 𝑔𝑑𝑝𝑘 7.2627 0.026 

prod 𝑑. 𝑔𝑑𝑝𝑘 ⇏ 𝑝𝑟𝑜𝑑 116.53 0.000 

d.renw 𝑑. 𝑔𝑑𝑝𝑘 ⇏ 𝑑. 𝑟𝑒𝑛𝑤 11.453 0.003 
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in exports, decrease in jobs available, and even a decrease in population if the failure is 

caused by a natural disaster or similar.   

Energy and Economic Development 

Current situation 

As of 2014, 96.53 % of households had access to electricity in Colombia. The largest 

number of NIS users is found in the capital city of Bogotá, which is expected since Bogotá is 

also the subdivision with the highest population. On the other hand, the counterpart of the 

NIS, the Non-Interconnected Zones8 (NIZ) had its largest number of users in Chocó, a 

department on the Pacific coast. Chocó is not officially considered in the NIZ, which displays 

the ambiguity of the borders between the two systems. While it is true that six departments9 

do not have any access to the electrical energy provided by the INS, seventeen departments 

have a mix of INS and NIZ users.  

Regarding the number of users, according to the Survey of Quality of Life (DANE, 

2014), approximately 14 million households have access to electricity, (Niño Candill, 2016) 

which leaves about 510,000 households without access to electricity. Relative to other 

developing countries a four percent rate is low, and has, in the past twenty years, been 

reduced considerably; access to electricity increases household per capita income by 39%, 

which can lead to greater development in social capital (Biteye, 2015).  

Access to electricity is not a signal for quality of energy supply. A signal for quality 

of access can be, for example, the number of hours in blackout. While there was not an exact 

measure of blackouts, it was reported that Colombia has a 99.9% electric reliability rate 

(Dinero, 2015). Blackouts still do occur, with the cause being incidents, other than natural 

                                                 
8 In Spanish, Zonas No Interconectadas. 
9 The five departments considered NIZ are Amazonas, Guaínia, Guaviare, San Andrés y Providencia, Vichada, 

and Vaupes.  
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phenomenon, such as terrorist attacks (Ecuavisa, 2014; Infobae, 2015), and human error 

(Gutiérrez, 2009). The last major blackout occurred as a result of an energy crisis in 1992 

caused by El Niño as well as structural insufficiency. In an effort to conserve electricity, 

cities all over the country would ration electricity by cutting the supply at night time for 

differing hours at a time, and even take more extreme measures, such as sentencing those 

who wasted resources with six days in jail (Semana, 2015; García Ángel, n.d.). 

In terms of the Colombia’s energy grid, the country currently has centrally 

dispatched10 23 dams, 28 hydroelectric plants, about 23 projects or firms mining coal, 13 coal 

plants, and 19 other plants or factories wherein thermic energy, which is energy produced 

from the burning of fossil fuels and biofuels. In addition to the aforementioned processing 

plants, there are over 100 non-centrally dispatched plants, of which one is for solar energy, 

one is for wind energy, and two are for biogas (Paratec, 2018). Consider Appendix E for a 

pie-chart on the contributions of the different sources to the energy supply of the years 2000, 

2013 – 2016. 

Colombia’s energy grid is mostly dependent on hydroelectric energy, as it provides 

about 70 % of total supply (XM, n.d., b). Essential for hydroelectric to thrive is water 

movement, whether synthetic by changing water levels with a dam, or naturally by allowing 

the river’s flow to go through. Colombia’s Magdalena River, where most of its hydroelectric 

plants and dams are based, has an average water discharge of 7200 m3 per second, and 

extends over 1528 km, which allows dams to be based on it and provide more than 40000 

gigawatts per hour (GWh) in 2014 (Lasso et al., 2011).  

                                                 
10 Having a generating capacity of 20 megawatts or more. Non-centrally dispatched plants have a generating 

capacity of less than 20 megawatts. 
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According to Colombian terminology, renewable energy sources are considered non-

conventional sources – they have as determining characteristics autonomy and long-run lower 

costs, on average, than other traditional sources. Although solar energy plays virtually no role 

in the NIS, many of the solar panels that exist in Colombia are in place in the NIZ and are 

installed and controlled by the household alone. Hence, solar panels are not connected to the 

NIS, but they can still enjoy access to electricity – this fact highlights that a household being 

in the NIZ does not mean that they do not have access to electricity, simply that they are not 

connected to the main national grid (MinMinas, 2017). Additionally, new legislature 

encouraging non-conventional sources of energy through tax and tariff incentives (Ley 1715 

de 2014) has faced some obstacles in being implemented and planned out, due to the fact that 

laws concerning such matters, i.e. renewable energy, did not exist (Fabara, 2018). Since then, 

many advances have been made which will be discussed below.  

Colombia’s Problem 

While Colombia is praised for having a mixed energy portfolio as well as for being a 

pioneering country in terms of renewable energy (Ballesteros Altuve, 2018; Kien y ke, 2017), 

improvements can be made. In terms of the environmental costs that hydroelectric energy has 

we can find habitat invasion, interrupting migration patterns of fish to the end of the species, 

lost natural ecological processes, and the changing of the landscape and rivers in the long run 

(Fog, 2018). Hydroelectric energy takes down forests by displacing farmers and the like, who 

are faced with no choice but to tear forests down (Rico, 2018). Dams can foster exotic 

species displacing endemic ones, change seasonal discharge, and more (McAllister et al., 

2001). The problem is that these consequences can be foreseen, but studies on the placement 

of a dam do not take into consideration the effects on the whole ecosystem and river, but just 
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the effects in the dam itself (Rico, 2018). Placing a dam incorrectly can have serious 

environmental costs. 

Putting aside the environmental consequences that traditional sources have, their 

reliability is decreasing due to the fact that El Niño is intensifying. In some countries the 

phenomenon might manifest as heavier rains; in Colombia, the regions most affected are the 

Caribbean and Andean regions, which go through a reduction of rainfall as an increase in the 

length of the dry season (Márquez Pérez et al., 2016). In turn, the dams’ and rivers’ levels 

diminish and reduce the potential energy that the hydroelectric plants can produce. Although 

not all regions are affected by the climatic changes of El Niño, the NIS makes every user 

vulnerable to energy production shrinkages. With increasing severity of El Niño, dry seasons 

become longer and harder to get through, demanding more energy to be produced through 

thermoelectric energy generators, using fossil fuels. 

 Additionally, the environment is not the only factor changing the roles that traditional 

sources play in the energy grid. A familiar factor to every failed, or at least non-successful, 

project is poor management. In Colombia, poor management seems to be present in almost 

every conceivable level. For example, at the highest possible level, there have been seven 

different Ministers of Energy and Mines within President Juan Manuel Santos’s term (2010-

2018), with the latest minister to resign as a result of corruption, or rather, lack of discipline 

in the participation about the contracting of firms with state entities (Redacción Judicial, 

2016). With an average rate of one leader per year, the Ministry creates inconsistencies in 

governance leading to inefficient performance in current and prospective projects, amongst 

which are projects for the development of non-conventional energy.  

At a lower level, Termocandelaria, a thermoelectric plant, had to be taken over by the 

government in an administrative manner as it was found to be inoperative and under a debt of 
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105 million USD to banks and more to other generating plans (Economía, 2015). Moreover, 

government investigations found that the production that should have been coming from 

Termocandelaria was coming from surrounding hydropower plants that should have been 

rationing water for the upcoming El Niño.  

In a similar controversy, in 2012 the electricity provider of the Coastal region, 

Electricaribe, was under investigations under nine different charges, amongst which one can 

find undue charges, lack of reliability, and lack of attention to requirements set by the 

supervisory authority (Nacional, 2012). Since then, after intervening and acquiring 

Electricaribe in 2016, the government has decided to sell the company in July of 2018, in, 

what they aim, a transparent, competitive process (Electricaribe, 2018).  

As a final example, the Ituango Dam, also known as Hidroituango, located in 

Antioquia, by the Cauca River, has caused a stir amongst the Colombian population, due to 

the fact that this 3.8 billion USD investment has displaced at least 11000 inhabitants and 

destroyed 50 households (Caracol Radio Medellín, 2018; Sputnik, 2018). The dam, which is 

in size and production equivalent to 33 medium-sized dams, has created immense risk of 

flooding and avalanches as several of its deviating tunnels were blocked around early May. 

The cause of this disaster is yet to be determined. Some believe that the engineers had never 

even thought of the risks and have failed to have a backup plan, and that the land it was built 

on could have never supported a dam like Hidroituango (Redacción Investigación, 2018). 

Poor management and risk control have caused the biggest dam construction in the country’s 

history to fail.  

Tying these events back to the model generated earlier, the implications of a feedback 

hypothesis that every disaster, natural or management-wise, that affects the production of 

energy will have a negative effect on GDP. While the mechanism of feedback is uncertain, a 
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decrease energy in production will contribute to a deterioration of the trade balance since the 

country will have no choice but to import energy from neighbouring countries, such as 

Ecuador. Failure to generate electricity is expected to slow down growth. 

In terms of consumption, the current contracting economy will reduce consumption of 

electricity. While the effect will not be aggravated by a feedback effect, an energy-rationing 

business does not operate to a full extent and will not produce at its optimal point. Thus, 

disasters like Hidroituango, or corruption disasters like Electricaribe, might not be harming 

the economy, but are not aiding to economic expansion, much less development. 

The Bright Side 

Efforts to diversify the energy grid are present. The existing wind farm Jepírachi, 

located in the northernmost department of La Guajira, has a capacity of 19.5 megawatts 

(MW) with 15 turbines and has been functioning since 2004 (Wind Power, n.d.). As Jepírachi 

is part of the NIS, it serves as an additional, clean source of energy for the rest of the country.  

In the Amazonas, there is an ongoing process to provide communities with solar 

energy. While it is the biggest department in Colombia in terms of territory, it has the 3rd 

smallest population. Some communities in the department are hard to reach, which 

complicates putting them on the grid. However, having a poverty rate of 42.7 %, providing 

access to electricity to as many people will empower the communities. While it is hard to 

establish a figure of how many people benefit from the existing photovoltaic projects, in 2017 

more than 1000 indigenous communities benefitted from a new solar farm which carries 

electricity to the health centre, schools, and community homes (MinMinas, 2017). Moreover, 

the firm SUNCOLOMBIA has provided 9500 students with electric energy with 311 

different projects over 10 different departments, amongst which Amazonas is included in 

(SUNCOLOMBIA, 2017).  
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While in terms of consumption these added projects do not influence the GDP, in 

terms of production, increasing rural communities’ access to electricity, and thus providing 

institutions like schools with more satisfied necessities, creates a path for the people to tap 

into economic growth and be able to build stronger businesses and better government, thus 

creating the feedback effect between more generation of electricity and economic activity, 

and, in these cases, economic development. 

Potential 

 As of 2018, there were 529 power generation projects being developed, out of which 

382 are sourced from non-conventional sources, mostly from solar energy (Portafolio, 2018). 

In 2015, there were 110 power generation projects being developed, out of which 5 relate to 

non-conventional sources, mostly wind (PROCOLOMBIA, 2015). The difference in amount 

is due to the fact that the Law 1715 of 2014 was not in effect and thanks to its ratification 

investment costs fell between 60 and 70 % for renewable energy plants and farms (Portafolio, 

2018). Increasing the diversification of the energy grid will allow for a more secure and 

reliable energy supply, where given the relationship between the production of energy and 

GDP, it is reasonable to expect that expanding the effective capacity of the country will result 

in economic growth.  

In terms of secure, affordable, and sustainable energy, Colombia ranks as 8th in 

Energy Architecture Performance Index (World Economic Forum, 2017). While the index 

praises Colombia for being a net exporter country, as well as for providing a high access to 

electricity, the reality is that there is a regional imbalance where the location of regions 

whose basic necessities are mostly met is key to having their necessities met in the first place 

(Pérez V, 2005). The regions with few basic necessities met tend to be areas where access to 
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electricity tends to be lacking, such as the Amazon region, and to a lesser extent, the Pacific 

and Caribbean regions. 

Take, for example, La Guajira, which consumed 571 GWh but produced 1291.55 

GWh in 2015 (Niño Candill, 2016). Part of it was attributed to Jepírachi, the wind farm 

which has been generating electricity since 2004. Despite the project and current generation 

plants, the department of La Guajira continues to suffer from high energy prices, and it is 

reported that communities in the department have never benefitted from the farm (CONtexto 

Ganadero, 2014). Moreover, in no municipality in La Guajira is there a poverty index lower 

than 40 % (DANE, 2005).11 Such regional imbalance is not uncommon in Latin America and 

there are efforts to combat it by creating department-unique projects (Giorgi, 2018).  

 San Andrés is a department that currently has the highest energy prices in the country, 

due to its dependence on fossil fuels. The coasts have a potential for several wind farms, and 

San Andres could have a farm of its own with a potential up to 12.5 MW (Gómez et al., 

2016). Solar energy production has a lower potential of 4.6 MW, which represents roughly 

3.9 % of what is already present in the island. While technical analysis is still to be 

concluded, Gómez et al. (2016) conclude that it is safe to assume that while there will always 

be a need for conventional sources of energy such as diesel and natural gas. However, energy 

diversification could allow renewable energy sources to reach up to 19.7 % of total energy 

generation in the department.  

Limitations and Further Research 

 There are several limitations during data collection that could undermine the results 

and conclusions of this paper. During the data collection process, data on specific 

                                                 
11 Such poverty index is called the Insufficient Basic Necessities Index, Índice de Necesidades Basicas 

Insuficientes in Spanish.  
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departments was hard to find, and in order to correctly interpret the four energy hypotheses 

there was a need for consumption for every department, which turned out to be lacking for a 

period longer than four years. In various opportunities, there were empty or non-accessible 

websites, inconsistent reporting, and differing digits measuring the same phenomena, such as 

consumption. Thus, the methodology of the model had to be changed from a panel-data 

regression to a time-series regression of a single country. Even then, data had to be sourced 

from a different website just for consistency and to narrow the sources that had to be 

consulted. 

 Additionally, while the VAR model’s advantages include being able to avoid spurious 

regressions and reduce the number of needed assumptions, a main disadvantage includes its 

large sensitivity to model specification and lags included. While the number of lags included 

was chosen according to the lowest Akaike information criterion, there is a possibility that by 

expanding the sample a different number of lags is better, which could result in different 

evidence being found. Additionally, more control variables could have been added, such as 

size of the labour force, and fixed gross capital formation (as seen in Apergis & Payne, 

2010). 

 Building on the aforementioned limitation, further research can focus more 

extensively on the effects electric energy production and consumption can have regionally. 

Data for all the departments most probably exists, as the most basic specification is composed 

of variables that are reasonable to keep track of, such as consumption of electricity.  

 Finally, for further research there is still an assortment of gaps to be filled. While 

literature on the nexus between energy and economic activity has been saturated and proven 

to be extremely sensitive to model selection and specification, analyses on the political, 

economic, social, technological, environmental, and legal effects of renewable energy 
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country-specific wise is lacking. More research demonstrating a deeper analysis is needed. 

Additionally, pathway analysis to examine the exact mechanism in which economic activity 

and energy consumption interact are highly more useful in terms of policy making. 

Conclusion 

 Colombia has been considered in the context of 2001 to 2015 to find the direction of 

causality between electric energy consumption and production and economic activity as 

measured by GDP. In the literature review, four hypotheses were highlighted, which were 

growth, conservation, feedback, and neutrality, each describing what the direction of 

causality could be. It was noted that any results were extremely subjective to model selection 

and specification, and many countries had contradictory results in different papers.   

Using a VAR model and Granger causality, the results find evidence for the 

conservation hypothesis in terms of consumption of electricity and GDP, as well as support 

for a feedback effect between production of electricity and GDP. Furthermore, the same 

feedback effect stands if only renewable energy, excluding hydroelectric, is used. 

The new law passed, planned, and implemented in 2016, Law 1715 of 2014, has sped 

up the process of creating new projects of renewable energy by lowering investment costs 

enough to be competitive in the energy market. Colombia will not be 100% dependent on 

wind energy, but at least its energy portfolio shows that it will be more diverse and contribute 

to a more resilient production of electricity. The multiple negative effects hydroelectric and 

thermoelectric plants have had, socially, environmentally, and economically on the country, 

and the importance of environmental studies holistically analysing the consequences of 

construction. 
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Finally, some limitations were described, associated with methodology and data 

collection, and further research was suggested into depth, as it is important to consequently 

analyse a model in context when constructed. 

In conclusion, Colombia has shown that while a country can have an energy grid with 

high proportion of renewable energy, an infatuation and preoccupation with hydroelectric 

energy has had serious consequences amongst the citizens, and fauna and flora of the 

country, which have destroyed houses, habitats, and lives. While some take electrical energy 

projects lightly, if there is no water, there is no light, and there is no life. 
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Appendices 

Appendix A 

Table (Appendix A) - Overview of Data 

 

 Variables 

year gdpk consm prod renw 

2001 289539 35190 43442 496 

2002 296789 35402 45042 491 

2003 308418 36768 46541 495 

2004 324866 38567 49719 519 

2005 340156 38926 50337 552 

2006 362938 40625 53765 593 

2007 387983 42236 55224 581 

2008 401744 43051 55938 591 

2009 408379 46359 57149 599 

2010 424599 47186 59424 2456 

2011 452578 49874 61005 2040 

2012 470880 50865 62338 2008 

2013 493831 49427 69458 2106 

2014 515528 51268 70111 2196 

2015 531262 51849 69017 2262 

Note: gdpk is measured in constant billions of 2005 COP. consm, prod, and renw are measured in GWh.  
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Appendix B 

Map of the National Interconnected System (NIS). Technically shows the National Transmission System, which 

shows the transmission network used in NIS. Retrieved from http://sig.simec.gov.co/GeoPortal/Mapas/Mapas 
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Appendix C  

From Mapa de Colombia,departamentos y capitales 2018 para dibujar,colorear,imprimir. Retrieved from 

https://www.descargarloenimagenes.com/2017/10/mapa-de-colombiadepartamentos-y.html 
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Appendix D 

Three-lagged VAR model, as presented in Stata. 
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Appendix E 

Composition of Electric Generation Through 2013-2016. From XM, a, b, and Niño Candill (2005). 

 

 

67.1

27

5.9

Input per source in 2016 (%)

Hydroelectric Thermic Others

63.8

31

5.2

Input per source in 2015 (%)

Hydroelectric Thermic Others

65.5

28.6

5.9

Input per source in 2014 (%)

Hydroelectric Thermic Other

67.3

27.1

5.7

Input per source in 2013 (%)

Hydroelectric Thermic Others

75.89

24.1

Input per source in 2000 (%)

Hydroelectric Thermic


	Abstract
	Introduction
	Literature Review
	Energy Consumption and Economic Activity
	Renewable Energy and economic activity

	Methodology
	Data
	Methods

	Energy-Economic Activity Nexus
	Stationarity Check
	Granger Causality

	Energy and Economic Development
	Current situation
	Colombia’s Problem
	The Bright Side

	Potential

	Limitations and Further Research
	Conclusion
	Bibliography
	Appendices
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E


