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 In this study the effect of energy intensity on green GNP is examined. The effect of 
energy intensity on green GDP is estimated by using the vector auto regression (VAR) 

model, Johansen co integration and Vector Error Correction Model  ( VECM. The results 

show that the effect of energy intensity on green production is positive due to the 

positive relationship between energy intensity and energy consumption both over the 
short term and the long term. On the other hand, energy consumption increases gross 

national production and thus, increasing the green production. As a result, energy 

intensity causes green production. 
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INTRODUCTION 

 

 National accounting measures macroeconomic variables such as total consumption, investment, saving, 

import and export. But there are some shortcomings in this field including household services, informal economy 

and environment. The environment as natural wealth provides services including: provision of basic resources, 

energy and pleasant life. 

 If the natural resources depreciation and manmade capital deduce from gross national products, results 

would be the green national product. Through this relationship the green product and the national currency lose 

value relation can be determined. The green product is a way to include the environmental changes into the 

national accounts framework. Because manmade capital depreciation such as equipment and machinery are 

recorded in national accounts, but the other type of capitals especially national capitals such as water, soil, 

weather and nonrenewable resources are denied. 

 Moreover, environmental damages are not considered in calculating national income. Thus, the national 

accounts framework is not able to measure the impact of environmental change on welfare and income. By 

considering the environmental and green national accounts, conventional national accounts interpretation will 

adjusted and GNP will change to green GNP. Green GNP could be calculated by using exhaustible national 

resources depreciation of energy. National resources depreciation is increasing due to enhancing energy demand, 

which the most part of it is from fossil sources. Increasing dependency to energy resources has caused the 

interaction between this sectors with other economy sectors. And growth and development trend of the economy 

has depended on the level of energy consumption; as over the past decades, economic growth and the process of 

industrialization led to the increase of energy demand and consumption. 

 Since energy consumption has a direct relationship with energy intensity (energy intensity = energy 

consumption / GDP), further energy consumption lead to higher energy intensity. Energy intensity is an 

important indicator to evaluate how energy is used. Energy intensity indicates that how much energy is used to 

produce a certain amount of goods and services. In other words the energy intensity is the required amount of 

energy to produce a unit of GDP at a constant price. 

 

Research objectives: 

 The main objective of this paper is to answer the question whether the energy intensity and the green GNP 

are related or not. In order to answer this question the remainder of this paper is structured as follows: 

background that explains literature review, the next part is the research methodology and the econometric 
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specification and estimation methodology is outlined and discuss how various hypotheses are tested, the next 

part is results that provides a discussion of our empirical results and then conclusion will discusses major 

findings and concludes the paper.  

 

Background: 

 Extensive research has been conducted in the field of green production both local and global. Also, several 

studies has been done in the field of energy intensity in Iran and other countries that most prominent of them are 

presented in this section. 

 Agheli and Sadeghi [1] researches can be considered as the most important conducted local studies under 

the title of the green production and its calculation approaches. In this research they have brought the attentions 

to national accounting system deficiencies in regard to the Environment and natural resources by citing empirical 

studies. They have taken into account the depreciation of natural resources in national accounts and the 

interaction of the environment and the economy. Then, by providing a Keynesian model defines the green GNP. 

In this paper the mathematical and graphical approach has been used to calculate the trend of green GNP 

changes and Hartwick analysis has been applied in three rows for environmental cost calculation. Depreciation 

method applied to calculate natural resource rents. 

  Agheli [2] in his doctoral thesis studied the GNP green calculation and national income sustainability. He 

has result that the normal depreciation based on actual annual data had been 8% growth on average. However, 

the real economic sector growth has offset the effects of environmental damage and caused green GNP to be in 

an upward trend. In this paper the sustainability analysis of national income by introducing pure savings and 

with the help of fuzzy computing is studied. And on this basis our national income that was unstable over 60’s 

shows a weak stability in recent decades. 

 Jalaei et al [3] has examined the effects of oil price shocks on green production in Iran. Based on their 

results, oil price shocks have a negative effect on green production in the short term and it is because natural 

resource depreciation will increase by oil extraction and cause the reduction of green production. But this 

influence is positive in long term. This is because in long term increasing of oil income cause real growth of 

other sectors and this growth will offset the depreciation. 

  Hassantash and Naderian [4] have evaluated potentials and benefits of reducing energy intensity in the 

OPEC member countries. They have concluded that OPEC members have a great potential to reduce energy 

intensity and to save oil. It can have a significant influence on global oil balance and carbon dioxide emissions 

reduction. 

 Sharifi et al [5] have analyzed energy intensity in Iran industry and have concluded that in most industries of 

nine, the structural effect have a small role on changes in total energy intensity and impact intensity has a greater 

share on the total effect. In the most industries in different years impact intensity move in line with energy 

intensity. And structural impact has a weak share on deducing the energy intensity.  

 Seyf [6] has examined the factors affecting energy intensity and indicates that increasing value added share 

of service sector compared with GDP has a significant and remarkable impact on reducing energy intensity. 

 Countries Area in accordance with theoretical expectations has a significant direct effect on energy intensity 

and in the case of size has a quarter share of services. Elasticity estimates also show that one percent change 

(increase) in the service sector share led to a half percent change (reduction) in energy intensity. Also one 

percent increase in the country area led to eight hundredths percent Increase of energy intensity.  

 Behboudi et al [7] has studied the energy intensity by considering two key affected factors of efficiency 

increasing and changes in economic activities. The results of this analysis show that the increase of energy 

intensity in the country has been due to the changes in economic structure activities and decreasing of 

productivity in the use of energy. Based on the results energy price is one of the most important factors affecting 

energy intensity.  So that the energy intensity sensitivity to the energy price is very high. 

 Salimifar et al [8] have examined the impact of the production factors in energy intensity consumption in 

Iran. The results show that technology and physical capital, respectively, have caused an average annual energy 

intensity growth of about 48/1% and% 24/1. While during this period labor has reduced energy intensity on 

average 33/1 percent. Thus, these factors indicates 1.39 percent annual energy intensity growth. 

 Sadegh and Sojoodi [9] have studied the factors affecting the energy intensity of industrial firms in Iran. The 

results indicate a positive relationship between firm size and energy intensity of the firm. This result may be due 

to that the largest firms are public. The experimental results show a significant relationship between firm 

ownership type and firm energy intensity, so that private firms have a lower energy intensity. The results show 

that R & D expenditure has no significant effect on reducing the energy intensity of the firm. Also, the intensity 

of physical capital and wage rates have a positive impact on firm’s energy intensity. 

 Several reaches have been done in the field of green production and energy intensity. Hamilton and Lutz  

[10] in a study concluded that the total GNP is based on market studies. As the results GNP has hidden natural 

resources depreciation and introduces an incomplete picture of imposed costs by pollution producers in 
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economic activities. GNP and national income and further to these green GNP are known better to measure 

sustainability. Thus, follow some politics to reach the sustainability. 

 Extensive research has been conducted in the field of green production and energy intensity globally.  

 Hamilton and Lutz, in a research concluded that the total GNP is the total of economic productions based on 

the market researches. As the result GNP has hidden depreciation of natural resources, and introduces an 

incomplete picture of imposed costs by pollution producers in economic activities.  

 Aronssn [11] in his article is worried about the welfare in front of distortion taxes. One of the goals of this 

paper is to explain why the traditional green NNP does not act as an indicator of well-being in the presence of 

taxes. Performance of tax payment costs on two measurement of the national welfare and the principles of 

accounting both affect pollution. 

 Bartelmus [12] has researched on this area and concluded that the environmental calculation will help to 

evaluate the sustainability of economic growth in the condition of broad capital maintenance. However, 

sustainable development should be measured by physical indicators and standards related to the objectives to.  

 Li et al [13] has examined the green production strategies. They concluded that selecting and analyzing the 

green production strategies is a critical process but it is difficult and it is influenced by Dynamic and uncertain 

conditions. This article based on known characteristics has suggests various models for improving analysis and 

facilitating decision-making process. Analytical models help to problem-solving and simulation models improve 

the logic of production and decision-making under dynamic and uncertain situations. The simulation method 

provides the optimal solution. Designing the models emphasis on Strong structures that shows process of green 

products (GP) and its application suitably. 

 Yoon & Ratti [14] had studied the impact of energy price volatility on energy intensity and firm investment. 

They concluded that the lower energy intensity in the industry is in a relationship with a strong relationship 

between sales growth and firm investments. This means the opposite effect of uncertainty of higher energy prices 

on firm investments in the industry are associated with energy intensity. In addition, the increase in energy price 

volatility, positive dependence of growth and firm investments on oil and coal industries do not reduce the 

energy intensity of manufacturing industries. 

 Soile & Balogun [15] have studied the energy intensity determinants in countries with natural resources and 

show that energy intensity model that is used in low resources countries compare with those in countries with 

abundant resources is very incompatible .The impact of energy and technology price changes on energy intensity 

is related to the abundance of resources, while many country-specific factors affecting energy intensity has been 

found. 

 

Methodology: 

 GNP in each country is as a progress symbol and factor of that country. If GNP is adjusted based on the 

environmental assets, Green GNP is obtained. Green GNP shows sustainable economic growth. It is expensive to 

obtain accurate numbers for sustainable national income. So to measure the indicators that provide situations for 

sustainability are beneficial. One of these indicators is depreciation of natural capital that is shown as DN. If 

manmade capital depreciation is shown with DM, green GNP is definable as GNP-DM-DN. 

 GreenGNP = GNP − DM − DN            (1) 

              

In equation (1), DN = natural capital depreciation and DM= manmade capital depreciation. 

 Sufficient condition requires that natural capital can be replaced by manmade capital. Green GNP in fact 

shows sustainable income.  According to Keynes and Hatlyng definition of a permanent income, a capital good 

is a sustainable national:  

- There should be no reduction in environmental capital (natural).  

-  The Environmental depreciation value to be less than the created environmental (natural) capital benefit. If all 

of the lost natural resources compensate by reducing investment and positive benefits create depreciation then 

we would have stationary. Sustainable income is the differentiation between the economic benefit (GNP-𝐷𝑀) 

and natural capital depreciation (DN): 

ENP = Y (t) = GNP (t) − 𝐷𝑀  (t) – DN  (t)         (2) 

 

GNP is the gross national production and ENP is the environmental net production. 

As the result we have:  

 GNP t − DM t = α t + β t Y t           (3) 

                                                       

Y is the national income and α & β are shown the parameters. In fact if the consumption indicator is show as 

follow: 

 C t = C0 + β t Y t                                                               (4) 

 

C is dependent consumption and C0 is independent consumption.     
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Then: 

GNP t − DM t = C0 t + β t Y t + ig t − DM t + G t +  X − M  t        (5) 

ig is as gross investment, G state expenses, X export and M import. 

The results of comparing (3), (4) & (5) indicates that: 

 α t = C0 t + G t + in +  X − M  t           (6) 

 

That in it: 

 β t وin t = ig t − DM t            (7) 

 

 Totally if: 𝐷𝑁 𝑡 = 𝐹[𝐺𝑁𝑃 𝑡 − 𝐷𝑀 𝑡 ] and 𝐹′ > 0 and F>0 the following relation can be result as an 

example: 

 DN = eγ t GNP t − DM t = eγ t [α t + β t Y t         (8) 

 

𝛾 is a coefficient that is defined as bellow: 

 γ t =
Ln DN (t)

GNP  t −DM (t)
            (9) 

 

As the result: 

 Y t = α t + β t Y t − eγ t [α t + β t Y t          (10) 

 

Three methods for measuring the DN is shown more practical in the literature: 

 

1. The net price method which is as following: 

 DN =  P − C  R − N             (11) 

 

Where P is Price, C average costs, R natural sources extraction and N discoveries. 

2. The change in present net value method which is expressed as follow: 

 DN =  [(Pt − Ct)Rt/(1 + r)t] −  [(Pt−Ct)Rt/(1 + r)t]
T1
0

T0
0         (12) 

 

 The T0 and T1 is the lifetime of the source in beginning and end of the period, and r is the social discount 

rate (SDR). DN indicates resource depreciation. 

3. Alsrafy method that is as follow: 

 DN = R P − C − X = R(P − C) (1 + r)T           (13) 

 

 Where X represents the sustainable income obtained from extracting and T as lifetime of the source by 

assuming a constant extraction rate. Among these three methods Alsrafy is recommended to use for Iranian 

sources. Accordingly, the following model can be estimated for Iran. 

 ENP = f L, K, INF, 𝐸𝐼            (14) 

 

 Here, ENP is green production, L labor, K the stock of fixed capital, INF the inflation rate and EI energy 

intensity.  

 

Results: 

 In this study to analysis the data, vector auto regression model (VAR) is used because there are no 

exogenous variables in the model and all variables are endogenous. Also, this model determines the long-term 

relationship between the variables and on the other hand VAR is able to explain short-term relationships between 

variables as well. And finally VAR relation is in line with the short-term and short-term relationship between the 

variables. 

 First of all before taking autoregressive model, it is necessary to determine all variables model at the (I (0)), 

or the first difference (I (1)). Then, to determine the optimal lag number based on valid criteria. In this paper the 

sustainable long-term and short-term relationship between the variables has examined by using the obtained 

results of the Johansen cointegration and vector error correction model. 

 To use autoregresive vector model, we first need to identify the set of variables and to examine if the 

variables are stationary or non-stationary. One of the most common tests used to examine variables stationary 

and non-stationary is Augmented Dickey Fuller Unit Root Test (ADF) according to ADF test results shown in 

Table 1, the null hypothesis of a unit root cannot be rejected. The green production, labor and capital stock 

variables through the first difference and the inflation and energy intensity variables with no difference are 

stationary at level 95%. 
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 After examining the variables stationary, the lag is determined. To determine the leg optimal there are 

different criteria such as Akaike Information Criteria, Henan Quinn, Maximum Likelihood and Schwartz. Here 

Schwartz criteria is used to determine the optimal lag. Based on this criterion, the optimal lag length is one. 

 
Table 1: The ADF test. 

 Mackinon critical values  Series Name 

10% 5% 1% The first difference Level  

61/2 -94/2 -62/3 -64/4 -91/1 -lnenp 

61/2 -95/2 -62/3 - ---71/4 -lninf 

61/2 -94/2 -62/3 - ---13/5 -lnei 

61/2 -94/2 -62/3 -23/3 -56/0 -lnk 

61/2 -95/2 -62/3 -97/2 -18/0 -Lnl 

 

Autoregressive vector model results for evaluating the energy intensity on green production in Iran: 

LNENP = 1.77 + 0.94*LNENP (-1) + 0.25*LNEI (-1) + 0.26*LNK (-1) + 0.06*LNINF (-1)   (15) 

 (0.42)         (15.82)                    (1.52)                   (1.29)               (1.25) 

-0.33*LNL(-1)                                                                                                          (-0.83) 

               R-squared= 0.99                        F-statistic = 1999.73 

 

(The numbers in parentheses are shown t value)  

 According to (15) equation, independent variables of green products have different effects on the dependent 

variable. Green production variable behavior in a past era have a positive effect on the behavior of green 

production at current era. 

 

 

Fig. 1: Response of ENP to Energy Intensity. 

 

 Figure 1 shows the effect of green energy on green production and imply that the positive effect of energy 

intensity on green production declines to zero after 17 cycles. 

 According to the conducted studies energy consumption caused the GDP growth and consequently to 

increase the green production. Since there is a direct relationship between energy intensity and energy 

consumption it can be resulted energy intensity and green production are positively related. Among other 

indicators, capital and inflation have a positive effect and labor has a negative impact on green production. 

 

Johansen test results:  

 After determining the optimal lag model, the long-term relationship between the variables of the test pattern 

should being tested. In fact, the cointegration is a model to solve the problem of lacking information on the non-

stationary series. Also, the cointegration test Johansen- Juselius is used in this research. Eigenvalue and Johansen 

Trace test are used to test stationary and non-stationary. The Trace value states three long term relationship at 

level 0.05. The Eigenvalue states that there is no cointegration at level 0.05. 

𝑙𝑛ENP = 3.57 lnei + 1.25 lninf + 0.40 lnk + 2.84 lnl                                  (16)  

  

 The impact of energy intensity on green energy production is positive in the long-term too. Vector error 

correction model (VECM) is used in order to relate short-term fluctuations variables to the long-run equilibrium 

values. This method can be used to test whether a variable that has a negative effect on green production in the 

short term, the situation will continue on the long term, too. So the VECM model is estimated as follows: 

D(LNENP) = + 0.11 - 0.039*( LNENP(-1) - 3.57*LNEI(-1) - 1.25*LNINF(-1) - 0.39* LNK(-1) - 2.84*LNL(-1) 

+ 53.89 ) + 0.19*D(LNENP(-1)) + 0.97*D(LNEI(-1)) - 0.03*D(LNINF(-1)) - 0.36*D(LNK(-1)) + 

0.42*D(LNL(-1))  

𝑅2 = 0.27                                  F=1.76 
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 Adjusted coefficients in the above equation is equal to 0.039 and it means that in each period 0.039 of 

imbalance in the previous period disappears and adjustment direction is towards long-term 

 

Conclusion: 

 In this study the effects of green energy on green production are examined by using vector regression model. 

The results show the effects of energy intensity on green production is positive both in short term and long term, 

because the energy intensity has a direct relationship with energy consumption. However, the energy 

consumption caused GDP growth and consequently to increase the green production. As a result, energy 

intensity caused green production increasing. 
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