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Energy Technology Diffusion and CO, Emission Reduction
— An Economic Analysis by the Ramsey Model Combined with a Logistic Curve —

Kazushi HATASE

Graduate School of Economics, Kobe University

Abstract

This paper presents an energy-economy model of climate change that considers structural
change in the energy sector by means of a logistic curve. In the study described here, the global
economy is viewed as a Ramsey model, and the diffusion of new carbon-free energy in the energy
sector is modeled through a combination of logistic curve and learning by doing. The simulation
results of our study show that learning by doing plays a crucial role in determining the optimal CO,
emission reduction policy. High learning makes the optimal starting point of technology change
earlier, and lessens the costs of CO, emission reduction. The simulation results also indicate the
need to consider the effect of socio-economic inertia. High socio-economic inertia, like high learning,
favors making a technology change sooner rather than later.
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Learning by doing
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Table 1 Simulation Scenarios and Parameter Settings

Scenario | a: Coefficient of Logistic Curve b : Experience Index
STC+LL 0.05 0.1
STC+HL 0.05 0.5
FTC+LL 0.15 0.1
FTC+HL 0.15 0.5
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Table 2 Common Input Parameters of the Four Simulation Scenarios

Parameter |Description Value
P Pure time preference rate 2% per year
K (0) Capital in 2000" $76.746 (trillion)
Y(0) Gross output (GWP) in 2000" $29.068 (trillion)
E0) Total energy input in 2000 6.628 GtC
o Depreciation rate on capital 7% per year
v Capital’s value share 0.31
o Elasticity between K—L and E 0.40
S(0) Share of new energy in 2000 4.2%
P n(0) Price of new energy in 2000 1000 $/tC
Tin Lowest possible price of new energy” 250 $/tC
Oy Plant’s depreciation rate of new energy 7% per year
gN Growth rate of new energy inputs 4.8% per year
Markup Markup on fossil energy price” 163.29 $/tC
< Parameter on marginal cost of fossil energy” 113 $iC
<5 Parameter on marginal cost of fossil energy* 700 $/tC
CumC™"  |Maximum possible extraction of fossil energy {6000 GtC
M(0) Carbon accumulation in the atmosphere in 2000 |786 GtC
u Removal rate of CO, from the atmosphere 0.6% per year
O Emission intensity of fossil energy 1.0
Emis ™ (0) [Natural CO, emissions in 2000 1.33 GtC per year

* Figure in 1990 US dollars
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