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“Fuelling Growth: What Drives Energy Demand in Developing Countries” (Benthem and 

Roman (2009), The Energy Journal) is a telling title, not the least now before the Copenhagen 

summit where the big issue is whether CO2 emissions can be sufficiently reduced globally. 

The developing countries are worried that their development might be slowed by reduced 

“fuelling”.  The demand function for energy is a key element in climate policy making, and is 

studied by Benthem and Roman (2009) by relating energy consumption, economic 

performance and energy prices in 24 non-OECD countries over the years 1978-2003. Their 

main conclusion is “the income elasticity of energy demand is high and increases with 

income”. We will have a brief look at their arguments and econometric analysis. 

 

Terminology: tfc= per capita total final energy consumption (toe = tonne of oil equivalent), gdp = per 

capita GDP (US$), p = oil price (index for domestic end-use, or international oil price, index=100 for 

year 2000),  = country-sector fixed effect,  = time fixed effect, u = is an error term with expectation 

0, i  is an index for country, j for sector and t  for time (year). 

  

 

1. Figure 1 (below) shows the so called energy ladder that developed countries have 

climbed, and that China (CHI in Figure 1) and other developing countries have started 

to climb. Energy consumption is measured in Total Final Energy Consumption per 

capita (toe).  By eye-balling the figure, how much would the energy consumption 

increase in China if the Chinese are “fuelled” as USA inhabitants?  There are about 4 

times as many people in China as in USA.  USA accounts for about 20% of world 

CO2 emissions. How much would your eye-ball estimate give in world CO2 emission 

if China develops to USA standards? 

 

The axes of the Figure are insufficiently marked. Both axes are on log-scale, but the 
very few tick marks allow only rough eye-balling. In 2003 China might have only 10% 
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per capita energy consumption (toe) of what USA has. A 10-fold increase would then 
bring China up to us standards in 2003. Both countries have however increased their 
energy consumption, China relatively more than USA, and by 2009 about a 4-fold 
increase in China would be necessary (this information is not in the problem set, but 
some words along these lines would be good). The calculation for the second 
question must also be per 2003. The increase in world emissions by bringing China 
up to us standards per capita would be a 9-fold increase in the Chinese emission, 
which in 2003 was 4/10 of the emissions from USA. The increase would thus be 
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 or 72% of the world emission in 2003. 

 
 

2. End-use energy prices are different from international oil (world market) prices in 

many developing countries due to subsidies, taxes and other circumstances. Table 1 

shows correlations for countries in the sample. Benthem and Roman (2009) use end-

use energy prices, specific to country and sector, in their analysis of demand for 

energy. Why do you think this to be a better choice than using international oil prices? 

 

The international price might be a concern to the governments, and thus influence 
end-user price. Assuming end-user price being lower than the international price, or 
the consumer being barred from buying on the international market, it is only the end-
user price which matters to the consumer in the respective countries. 
 

3. Consider  the demand function  
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In the terminology list above, units are given for all variables. Which parameters 

would change if the monetary unit for GDP is changed, say from US$ to NOK? 

Express income and price elasticities in the parameters of the model. 

 

It is only gdp that is affected by the monetary unit. If  
gdp gdp   

then  
ln ln lngdp gdp    

and  

       
2 2 2 2

ln ln ln ln 2 ln ln ln .gdp gdp gdp gdp          

Thus, 0  and 1  would be affected by a change in the monetary unit. The other 

coefficients would be unaffected. 
 
The income elasticity is 
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while the price elasticity is  
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4. The term 
5 1ln ijttfc 

 was added to the equation in point 3., making the demand 

function depend on consumption the previous  year, 
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0 1 2 3 4 5 1ln  ln ln ln ln ln .ijt it it ijt ijt ijt ij ttfc gdp gdp p p tfc                

  

In equilibrium 
1ln lnijt ijttfc tfc   provided all other variables are also in (constant) 

equilibrium. Benthem and Roman (2009) state that the long-term elasticities of income 

and price are found from the short term elasticities in the above demand function, by 

dividing by 51  .  With 5
ˆ 0.8541   the regression estimates are thus converted to 

long term estimates by dividing by 0.1459. Explain the logic here! 

 

In equilibrium 
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and consequently 
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The estimated long term coefficients are thus the short term coefficients divided by 
the estimate 0.1459. 
 

5. The model in 4. was also fitted to data specific to sector (3 sectors: transport; industry; 

residential, commercial and agricultural), country (24 non-OECD), and year (25 years: 

1978-2003), with results in Table 2. If using dummy variables, how many would you 

have for year (how many free parameters for  ), and how many for country and 

sector (how many free parameters for  )? There could be evolution within country 

and sector over the period. Instead of the two terms 
ij t   one might be tempted to 

use a full interaction term 
ijt . Why is that a bad idea? Technological change is not 

measured, and its omission could cause bias. Benthem and Roman (2009) argue that 

fixed time effects could control for technological change over the period. Does that 

make sense? Can you think of other omitted variables that would have caused bias 

without the fixed time effects?  

 

To avoid the dummy variable trap there should be 3 24 1 71   dummy variables for 

sector and country (free θ parameters) and 24 dummies for year (free  parameters) 

– there is an intercept term in the equation. To have 3 24 25 1    free 
ijt parameters 

in addition to the intercept would make for exact colinearity when further explanatory 
variables are included. This would preclude any meaningful estimation of the demand 
function. 

 

6. Benthem and Roman (2009) use the long-term estimates in Table 3 for their demand 

equations. Comment on the elasticities for income and price. What does it really mean 

to have 2 0  ? 

 

The estimated price elasticity is 3 4
ˆ ˆ2 ln 1.62 0.39lnp p   

 
when using the model 

with time effects. This model is to be preferred since it yields results with more 
statistical significance as measured by the t-statistics in Table 3. In the reference 
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year, with  100p   the price elasticity is -0.18. Thus, 1% increase in end-user price 

would then give a drop 0f 0.18% in demand, everything else unchanged. This seams 

reasonable. The income elasticity is 1 2
ˆ ˆ2 ln 6.52 0.88lngdp gdp     , again using 

the model with time effects – both to be consistent, and because of the results being 
stronger than in the other model. The elasticity is increasing in gdp, at least over the 
region covered by the sample. This reflects the convexity  of the energy ladder  in 
Figure 1 for 1000gdp  . The developing countries are mostly found in this region.  

 

7. Discuss briefly the external validity of the results of  Benthem and Roman (2009), 

particularly in the present context of global climate worry. 

 

External validity is an issue for extending the results to other developing countries in 
the sampling period, which seems ok from the represetativity of the sample of 
countries, and of extrapolating to times ahead. The temporal extrapolation might be 
difficult. We have the climate worry which certainly also is present in developing 
countries, also through the CO2 quota system. The rules of the development game is 
in transformation, and it would only be in the “business as usual” scenario that 
temporal extrapolation is relatively unproblematic.  
 

8. Is economic growth “fuelled” by energy, or is energy demand a consequence of 

economic performance (GDP)? Discuss the issue of simultaneous causality in the 

context of estimating the income elasticity for energy, and suggest possible remedies 

for threats to internal validity. 

 
There certainly is simultaneous causality between GDP and fuel consumption. The 
causality is likely to be positive in both directions: higher fuel consumption spurs 
economic growth, and high GDP is only possible with high fuel consumption. This 
simultaneity will cause bias in the estimated demand function. The bias will be 

negative, at least for 1  since ln gdp  correlates positively with the error term in the 

regression in point 4. Instrument variables would be useful to remove this bias 
through an instrument variable regression. Fraction of population that reads, and 
fraction with higher education might be usable instruments. Possibly also fraction of 
GDP from agriculture. 
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Source: Benthem and Roman (2009). GDP at PPP is gross domestic product at purchasing power parity. 

 

 

 

Table 1. Correlation between International oil price index and domestic End-use energy price 

index. 

Indonesia -0.14 Algeria 0.33 South Korea 0.77 

Mexico -0.07 Pakistan 0.36 Philippines 0.83 

India -0.01 Colombia 0.41 South Africa 0.86 

Romania 0.06 Venezuela 0.46 Egypt NA 

Brazil 0.10 Malaysia 0.58 Israel NA 

Argentina 0.16 Chile 0.61 Saudi Arabia NA 

China 0.19 Thailand 0.68 Syria NA 

Peru 0.20 Sri Lanka 0.76 Vietnam NA 

Source: Benthem and Roman (2009)   
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Table 2. Regression estimates (with t-statistics in parentheses) without and with fixed time 

effects. Model 4.  

Term Coefficient No time effects Time effects 

ln gdp  
1  -0.8580  (-6.31)       -1.0102 (-7.34) 

 
2

ln gdp  2  0.0608  (6.93) 0.0687 (7.79) 

ln p  3  0.1892  (1.55) 0.2513  (1.98) 

 
2

ln p  4  -0.0262  (-1.97) -0.0302  (-2.20) 

ln  laggedtfc  5  0.8434  (61.01) 0.8451  (60.05) 

Fixed sector and country effects 
  yes yes 

Fixed time effects   no yes 

2R  within country 
 0.9349 0.9401 

2R  between countries 
 0.9903 0.9921 

Source: Benthem and Roman (2009)  who give these 
2R as “within” and “between”. They are interpreted here 

as within and between countries 

 

 

 

Table 3. Long run estimates (with t-statistics in parentheses) obtained from Table 2.  Model 4.  

Term Coefficient No time effects Time effects 

ln gdp  
1       -5.4800  (-6.88)       -6.5211  (-7.88) 

 
2

ln gdp  2  0.3883   (7.80) 0.4438  (8.58) 

ln p  3  1.2087   (1.53) 1.6225  (1.91) 

 
2

ln p  4  -0.1672  (-1.94) -0.1951  (-2.12) 

Source: Benthem and Roman (2009)   
 

 


