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It is widely agreed that an economic development based on an 
intensive depletion of  natural resources like the one we observe 
now cannot be sustained in the long run. 
 
 
 

In order to understand how our economic development works and 
how we could change it we need a good understanding of  the true 
aggregate production function of  the economy. 
 
 
 

This paper investigates the elasticity of  substitution between 
renewable and non renewable inputs in a fundamental part of  
production. The one dealing with the production of  energy. 
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Impossible to proceed in a standard way because of  the lack of  data. 
 
Therefore, I use a model of  endogenous growth in order to obtain 
an estimable expression for this elasticity.  
 
This elasticity of  substitution is key in understanding the evolution 
of  technical change between renewable and non renewable 
resources. [The Environment and Directed Technical Change, Acemoglu et 
al. (2009) ] 

 
This helps formulating policies helping the switch in the direction of  
technical change. Mainly via subsidies to renewable research and 
carbon taxes. 
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The worse case scenario depicted in Acemoglu et al. (2009) assumes 3 
as a value for the elasticity of  substitution 
 
i.  Weak substitutes 
ii.  Switch comes only in 45 years 
iii.  Only with a carbon tax, increasing over the coming 300 years 
iv.  Coupled with important research subsidies 
 
 
 

I find a value for the elasticity of  0.5, meaning that the two inputs are 
complements. 



The Model 

The Model used is the one developed in Acemoglu et al. (2009), The 
Environment and Directed Technical Change. 
 

It consists of  an infinite-horizon discrete-time economy inhabited 
by a continuum of  households comprising workers, entrepreneurs 
and scientists. 
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The final good (Ct) is produced with a CES production function 

σ =
ε− 1

ε

U =
∞�

t=0

1

(1 + ρ)t
u(Ct, St) St ∈ [0, S̄]

Yt = (Y −σ
ct + Y −σ

dt )−
1
σ



The two intermediate goods are produced using Labor and a 
continuum of  sector specific Machines 
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Yft = (LftAft)
1−α

� 1

0
xf (ν, t)

αdν f ∈ {c, d}

The average quality of  machines in a given sector evolves in the 
following way 

Aft = (1 + γηfsft)Af(t−1)

Environmental quality St evolves in the following way 

γ, η, s ∈ (0, 1)

St+1 = −ξYdt + (1 + δ)St ξ, δ > 0



Laissez Faire Equilibrium 
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In this model the direction of  technical change is dictated by the 
scientists decision to do research in one of  the 2 sectors 

   profit incentives 

πct

πdt
=

ηc
ηd

�
pct
pdt

� 1
1−α

� �� �
PriceE.

Lct

Ldt����
Market SizeE.

Ac(t−1)

Ad(t−1)� �� �
Dir ProdE.

Three forces shape this ratio: 
 

i.  Price Effect which encourages innovation toward the sector with 
higher prices 

ii.  Market Size Effect which encourages innovation in the sector 
with greater employment 

iii.  Direct Productivity Effect, innovation happens in the sector with 
higher productivity 
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ε > 1Case I : The Inputs are Substitutes 

Innovation starts in the more advanced sector.  
In the long term only Ad will grow and the aggregate growth rate of  
the economy will be γηd   Environmental Disaster 

Subsidies πct

πdt
= (1 + qt)

ηc
ηd

�
pct
pdt

� 1
1−α Lct

Ldt

Ac(t−1)

Ad(t−1)

•  Strong Substitutes     Temporary Subsidies 
•  Weak Substitutes    Permanent Subsidies 

Case II : The Inputs are Complements ε < 1

Innovation starts in the more backward sector. 
Once the backward sector catches up the two sectors keep growing 
at the same rate      Environmental Disaster 



Derivation of  the Elasticity of  Substitution 
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MPKc

MPKd
= 1 =

�
LctAct

LdtAdt

�σ(α−1) �xct

xdt

�−ασ−1

Hypothesis  Perfect Capital Mobility between sectors within a 
    country 

This implies equality in the marginal products of  capital in the 2 
sectors, i.e. 

From this I compute one estimable expression for the elasticity of  
substitution 

ε =
α(X −N) +N

α(X −N) +N +X

Where N ≡ ln

�
LctAct

LdtAdt

�
X ≡ ln

�
xct

xdt

�
and 
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I am able to apply this equation for the US, for other countries I 
have to go on to another expression. 
From the model, I know that 

pt ≡
pct
pdt

=

�
Yct

Ydt

�−σ−1

Hypothesis   The price ratio equalizes between 2 countries 

ptUS = ptj

εj =
1

2 + P
Y

And solve it for εj 

Where and P ≡ ln (ptUS) Y ≡ ln

�
Yctj

Ydtj

�



Data 
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US (U.S. Energy Information Administration) 

Data on :  - Electricity Production (renewable vs non renewable) 
   - Capital used in Electricity Production (ren vs non ren) 

All data are expressed in btu, i.e. British Thermal Units 

Europe – D, UK, F, I, E, Nor, CH (Eurostat) 

World – Aus, J, Tur, NZ, Mex, SouthK, Can, Bra, Chile, CN, Rus, 
Ind (International Energy Agency) 

Data on :  - Electricity Production (renewable vs non renewable) 
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The production function for the intermediate goods is Cobb-Douglas, 
hence I retrieve the value for efficient labor  

LftAft =

�
Yft

xα
ft

� 1
1−α

Non Renewable: 
 

•  Coal 
•  Petroleum 
•  Natural gas and other gases 
•  Nuclear 

Renewable: 
 

•  Hydroelectric 
•  Biomass (Wood and Waste) 
•  Geothermal 
•  Solar/PV 
•  Wind 
	
  



Results 
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Why are the two inputs complements? 

Renewable Inputs cannot insure a continuous production of  
electricity. 
 

Why? 
 

Electricity cannot be stored, what is usually stored is the resource 
necessary to produce it. 
 

Non renewable resources are easily stocked (i.e. coal, petroleum, 
gas, …) 
 

Renewable resources are difficult to store (i.e. wind, solar radiations,
…) 
 

  
 

At the moment we need a reserve of  non renewable 
resources to use in order to produce electricity when 
renewable resources are not available. 
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Electricity cannot be produced using exclusively renewable 
resources, we always need non renewable resources, at least to start 
production. 
 

Why? 
 

I could formulate it like this Many Clean technologies hide Dirty secrets, 
meaning that often in order to be able to use renewable inputs we 
have to first use non renewable ones.  
 

Examples: 
 

i.  The construction of  photovoltaic panels 
ii.  The construction of  a dam 
iii.  The construction of  an eolic turbine 
iv.  The usage of  a geothermal pump to warm a house 
v.  … 
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European Countries 
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Other Countries 

As shown in the tables and diagrams the 
two inputs are complements in a 
consistent way all around the world. 
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Robustness Check of  the Perfect Capital Mobility Hypothesis 

I want to check how relaxing this hypothesis affects the results. 
 

In order to do this, I introduce Iceberg Transport Costs on capital 
between the two sectors within a country. 

MPKc

MPKd
= (1− τ) =

�
LctAct

LdtAdt

�σ(α−1) �xct

xdt

�−ασ−1
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Impact of  Iceberg Transport Costs on the elasticity in the U.S. 
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Impact of  Iceberg Transport Costs on the elasticity in European Countries 
0

0

0.2

.2

.2.4

.4

.4.6

.6

.6.8

.8

.8Mean Elasticity

Mean Elasticity

Mean Elasticity98

98

9894

94

9490

90

9086

86

8682

82

8278

78

7874

74

7470

70

7066

66

6662

62

6258

58

5854

54

5450

50

5046

46

4642

42

4238

38

3834

34

3430

30

3026

26

2622

22

2218

18

1814

14

1410

10

106

6

62

2

2mean of EU27x

mean of EU27x

mean of EU27xmean of EU27y

mean of EU27y

mean of EU27ymean of EU16x

mean of EU16x

mean of EU16xmean of EU16y

mean of EU16y

mean of EU16ymean of gerx

mean of gerx

mean of gerxmean of gery

mean of gery

mean of gerymean of frax

mean of frax

mean of fraxmean of fray

mean of fray

mean of fraymean of itax

mean of itax

mean of itaxmean of itay

mean of itay

mean of itaymean of spax

mean of spax

mean of spaxmean of spay

mean of spay

mean of spaymean of ukx

mean of ukx

mean of ukxmean of uky

mean of uky

mean of ukymean of norx

mean of norx

mean of norxmean of nory

mean of nory

mean of nory



The	
  Elas)city	
  of	
  Subs)tu)on	
  between	
  Clean	
  and	
  Dirty	
  Inputs	
  in	
  the	
  Produc)on	
  of	
  Electricity	
   21	
  

Impact of  Iceberg Transport Costs on the elasticity in other World Countries 
0

0

0.2

.2

.2.4

.4

.4.6

.6

.6.8

.8

.8Mean Elasticity

Mean Elasticity

Mean Elasticity98

98

9894

94

9490

90

9086

86

8682

82

8278

78

7874

74

7470

70

7066

66

6662

62

6258

58

5854

54

5450

50

5046

46

4642

42

4238

38

3834

34

3430

30

3026

26

2622

22

2218

18

1814

14

1410

10

106

6

62

2

2mean of ausx

mean of ausx

mean of ausxmean of ausy

mean of ausy

mean of ausymean of japx

mean of japx

mean of japxmean of japy

mean of japy

mean of japymean of turx

mean of turx

mean of turxmean of tury

mean of tury

mean of turymean of mexx

mean of mexx

mean of mexxmean of mexy

mean of mexy

mean of mexymean of korx

mean of korx

mean of korxmean of kory

mean of kory

mean of korymean of chinax

mean of chinax

mean of chinaxmean of chinay

mean of chinay

mean of chinaymean of rusx

mean of rusx

mean of rusxmean of rusy

mean of rusy

mean of rusymean of indx

mean of indx

mean of indxmean of indy

mean of indy

mean of indymean of wx

mean of wx

mean of wxmean of wy

mean of wy

mean of wy



Conclusion 

The	
  Elas)city	
  of	
  Subs)tu)on	
  between	
  Clean	
  and	
  Dirty	
  Inputs	
  in	
  the	
  Produc)on	
  of	
  Electricity	
   22	
  

I estimate a value for the elasticity of  substitution between 
renewable and non renewable inputs in the production of  electricity 
by adding the hypothesis of  perfect capital mobility to a directed 
technical change endogenous growth model. 
 
 

I find a value for this elasticity lower than 1 for a number of  country 
around the world. Value implying that the two inputs are 
complements. 
 
 

Implementing this elasticity in the model by Acemoglu et al. (2009) 
generates difficult previsions.  


