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CHAPTER3 

Tools of informatics 
in environmental engineering 
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CAN GREENHOUSE GAS EMISSION PERMITS SCHEME 
INDUCE TECHNOLOGICAL CHANGE? 

Jan GADOMSKI, Zbigniew NAHORSKI 
Systems Research Instytut, Polish Academy of Sciences 
<Jan. Gadomski; Zbigniew.Nahorski@ibspan.waw.pl> 

Abstract: In the paper we analyze influence of implementation of the green­
house gas emission permit scheme on change of technology. Two technologies 
are considered. One is emitting mare but is cheaper. Another is mare expen­
sive but emits less. Results of numerical simulations using a macroeconomic 
model and optima! choice are presented. Dependence of solutions on permit 
price and length of the decision horizon is discussed. 

Keywords: Greenhouse gases emission abatement, emission permits trade 
technological change, macroeconomic modeling. 

1. Introduction 

A proposed remedy for undesirable climate change, believed to be related 
to excessive emission of greenhouse gases, is inclusion of cost of ecological dam­
ages abatement in the costs of production. This initiative was undertaken by a group 
of countries in the Kyoto Protocol where limits of emissions were agreed upon for 
each signing party. To mitigate the expenditures the Protocol provides for so called 
flexible mechanisms, which include among others trading of greenhouse gas emis­
sion permits. Kyoto Protocol regulation introduces costs of global public goods, so 
far considered to be free. An expected result of this mechanism should be the change 
of production technologies, and in fact consumption, to those more friendly for the 
environment. 

In the economic literature the technology change is usually modeled as an 
exogenous variable or as a result of an exogenous model of research and develop­
ment (Roberts, 1964; Nahorski & Ravn, 2000) as well as of related phenomena, like 
knowledge dissemination and spillover (Allen, 1977; Jaffe et al., 2002) or learning 
(Riahi et al., 2004). For example, such exogenous solutions were used in most mod­
els for analysis impacts of greenhouse gases emissions on climate change (Manne 
& Richels, 1992; Nordhaus, 1994; Nordhaus & Boyer, 1999; Pizer, 1999; Keller 
et al., 2004). The problem of tax-induced technology change was considered only 
recently (Goulder & Schneider, 1999; Hart, 2004; Riahi et al. , 2004). 
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However, another important question in the case of change of technology is, 
if and on what conditions the regulations admitted in the Kyoto Protocol will bring 
expected results. This paper tries to answer this question. 

The subject of our consideration is the economy of a small country adjusting 
itself to conditions caused by introducing emission limits. By a small country we 
mean here not its territory but influence of the country economy, and its adjustment, 
on the price of emission permits on the international market. 

Adjustment of economy to emission permits scheme is analyzed using sim­
ple, one-sector optimizing model, proposed by Gadomski (2003) and applied 
in Gadomski & Nahorski (2005). The only criterion in the economy is maximization 
of production. All firms have the same decision horizon and choose from two possi­
ble technologies. One of them, used earlier, is less capital intensive but has higher 
emission. Another one is emitting less but is more capital intensive. 

An important assumption is lack of technological progress, which is equiva­
lent to assuming lack of growth. It allows for analyzing a decision problem which 
converges to equilibrium. Another assumption is connected with emission of green­
house gases. It is assumed that emission depends on production but does not depend 
on its structure. This is a strong assumption, as it means that production of invest­
ment or consumption goods of the same value causes equal emission of greenhouse 
gases. 

The assumptions taken are quite simplifying ones. They appear, however, not 
to undermine usefulness of the model. If a simple model with well understandable 
construction does not give an expected solution, than suspicions may arise that in 
a much more complicated economic reality a chance of achieving this solution will 
be small. 

2. Formulation of a model 

Output Q1 produced in the year t is determined by the following relationship: 

(1) 

where QI I denotes output produced in the year t with capital representing the first 
technology and Q21 denotes output produced in the year t with capital representing 
the second technology. 

Outputs Ql 1 and Q21 are determined by the following equations: 

QJ,=PKJ* Kl, 

Q21 = PK2* K21 

(2) 

(3) 

where PKJ denotes the productivity of capital representing the first technology, 
while PK2 denotes the productivity of capital representing the second technology, 
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Kl I stands for the capital representing the first technology at the beginning of the 
year t, and K2, is the capital using the first technology at the beginning of the year t. 

Changes in the capitals representing both technologies are described, respec­
tively, by the following equations: 

Klt+1 =Kl,+ Jl,- t5KJ, = (1- b) Kl,+ lit, 

K21+1 = K21 + 12,- t5K2, = (1- b) K2, + lit, 

(4) 

(5) 

where Jl I and 12, denote investment in the capitals representing the first and the 
second technology, respectively, and coefficient t5 stands fort the depreciation rate. 
Expressions oKJ I and t5K2, denote depreciation of both categories of capitals, respec­
tively. As it is easy to notice in equations (4) and (5), the capitals are being increased 
by the investments and decreased by capital depreciation, which is proportional 
to the amount of capital at the beginning of the year. This means that no accelerated 
decornmissioning of capital is assumed in this model. 

Output causes emission E" which is a function of the unit emission coeffi­
cients µ1 and µ2, associated respectively with the first and second technologies and 
outputs Qi, and Q2,: 

(6) 

Each country is being allocated with the prescribed emission limit. It is as­
sumed that the intemational regulatory body sets the initial emission limit N1 for 

o 

the year t0 and the percentage emission reduction rp with regard to that initial value. 
The evolution of the emission limit is determined by the following relationship: 

(7) 

where r denotes the yearly rate of decrease of the emission limit. It is easy to notice 
thatN, converges to N 1 (1- rp). 

o 

Benefit/cost from sale/purchase of unused limits is presented by the follow­
ing expression: 

where Pt stands for the price of the emission permit in the year t. Whenever this 
expression is positive, then it increases the foreign assets F,. Otherwise those assets 
are being decreased. Thus, 

(8) 

where TJ denotes the average term of loans, F, stands for the amount of the foreign 
assets at the beginning of the year t, and Xi and Mi are respectively export and import 
in the year t. Whenever the foreign assets are positive, they are interpreted as assets 
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generating interest i,F, (variable i, represents the interest rate in year t); while nega­
tive ones are interpreted as a debt with due interest i1F1• Apart from interest, the 
foreign assets are also serviced with the payment of the principal F/TJ. That servic­
ing increases/decreases the disposable product Y, in the year t: 

(9) 

Consumption C1 in the year t is deterrnined as the residua!: 

C, = Y,-1, . (10) 

Consmption is also deterrnined by the constraints mentioned in the sequel. 

3. Optimization problem 

The aim of the decisions made in years t, t = t0+ l, .. ,t0+T, is maximization of 
the discounted sum of disposable products: 

fo + T ( ) 
max {S = I, Y,(l+i1 ) - Ho } (11) 

I = 10 + 1 

with respect to: 

* Investments Jl I in the capital using the first technology in the years 
t, t = t0+ l, ... ,t0+T 

* Investments 12, in the capital using the second technology m the years 
t, t = t0+ l, ... ,to+T 

* Imports Mr in the years t, t = t0+ l, .. . ,t0+T 

* Exports x; in the years t, t = t0+ l, ... ,t0+T. 

Equations from (1) to ( 1 O) are the equality constraints. 

Inequality constraints 

Minimum consumption (a social stability requirement) : 

where Cmin is the minimum admissible consumption rate. 

Minimum investment (simple reproduction): 

Balance of payments stability: 

where DRmax is the maximum value of the debt-to-GDP ratio. 

(12) 

(13) 

(14) 
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Order conditions 

End-point constraint 1: 

F1 = O, fort~ t0 + k; 1 <ks. T 

End-point constraint 2: 

x; - M, = O, for t ~ t0 + k; 1 <k"::c T. 

(15) 

(16) 

The last two constraints are aimed at achieving equilibrium of the balance of pay­
ments in the last period. Parameter k stan ds for the assumed number of years, which 
are necessary for the operation of the technological change. 

For the simulation experiments the model was calibrated on the Polish data. 
The starting year is 2001 and the basie parameters were estimated on the bas is of the 
data from 1995-2000. 

Capital in the technology 1, K]i001 = 1732 109 PLN. 

Capital in the technology 2, K22001 = O PLN. 

Productivity of capital in the technology 1, PKJ = 1.007. 

Productivity of capital in the technology 2, PK2 = O. 80. 

Unit emission in the technology 1, µI= 1. 

Unit emission in the technology 2, µ2 = 0.75. 

The initial emission, E2001 = 1.456· 108 tC. 

The initial emission norm, N2001 = 3.734 108 tC, cp=10%, 

The foreign assets, F 2001 = O. 

Two scenarios have been analyzed based on different prices of the emission 
permits: the low-price scenario named Scenario LP and the high price scenario 
named Scenario HP. The low price is assumed to be equal to 60 PLN/tC while the 
high price equals 600 PLN/tC. In both scenarios the interest rate and discount rate 
are equal to 3%. Moreover in both scenarios parameter k is equal to 26 years. 

In the research described here, the time horizon of the decision making is as­
sumed to be practically infinite. This constitutes the fundamental difference from the 
earlier results, see Gadomski & Nahorski (2005), where the time horizon was equal 
to 20 years. The model converged well. 

4. Results 

A common element of results obtained with the use of both scenarios is im­
mediate choice of the second, less emitting technology in all years. This result con-
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firms the efficacy of the trade in the emission permits as a tool for curbing of the 
negative impact of production on the environment. 

Evolution of output in both scenarios is depicted in Figurel. Development 
of production in Scenario LP can be divided into two sub-periods. In the first sub­
period the output reaches climax in 2012, then there occurs the decrease. In the Sce­
nario HP the output increases till 2006. In the next period, similarly as in the Sce­
nario LP, the production stabilizes on the long-term steady state level. 

3,0 

2,5 

2,0 

1,5 

1,0 

0,5 

O Production LP 

_._ Production HP 

2002 2007 2012 2017 2022 2027 2032 2037 2042 

Figure 1. Evolution ofproduction, in 1012 PLN, in Scenarios LP and HP. 
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Figure 2. Emissions in Scenarios LP and HP. 

Evolution of emissions related to the production is depicted in Figure 2. 
The emissions only partially follow those of production, as presented in Figure 1, 
as the average production emissivity decreases as a result of stopping investments 
in more emitting capital of the old technology and investing only in the less emitting 
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new one. This way the first technology assets gradually deplete. In both scenarios 
emissions overshoot the limits and then stabilize in the equilibrium. A bigger over­
shoot happened for the Scenario LP. 
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Figure 3. Investments in Scenarios LP and HP, in 1012 PLN. 
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Figure 4. Change of consumptions in Scenarios LP and HP, in 1012 PLN. 

The investments obtained from computations for both scenarios are presented 
in Figure 3. High values of investments in the Scenario HP are concentrated in four 
initial years of simulation. In the rest of the period they take the values of simple 
reproduction, i.e. the minimal values of the constraint (13) . The cumulative invest-
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ment for the Scenario HP in the full simulation period is bigger than the cumulative 
investment in Scenario LP in the same period. In the Scenario LP the investments 
take the minimal values from 2011. 

Consumptions in both analyzed variants are depicted in Figure 4. The cumu­
lated consumption is mach bigger in the Scenario HP, because of bigger prices 
of emission permits for this case. It makes possible not only to spend more on con­
sumptions but also, as mentioned earlier, on investments, which results in a quicker 
achievement of equilibrium conditions. Visible jump in consumption in 2026 
and 2027 is connected with the sale of the foreign assets in these years, see Figure 5. 
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Figure 5. Net foreign assets in Scenarios LP and HP, in 10 12 PLN. 

From evolution of foreign assets for the Scenario LP presented in Figure5 
it results that in the early period the foreign debt raises in order to gain means for 
investments. The debt is repaid in 2021. In the Scenario HP the change of technol­
ogy is fully financed by selling the spare emission permits. 

5. Conclusions 

The results obtained from simulation and optimization support the idea of in­
troduction of emission permits trade as an efficient tool to limit emissions of green­
house gases. In both analyzed scenarios the ecologically better technology was cho­
sen. As possible to predict, higher prices of permits let the countries with beneficial 
starting conditions to change quicker the production technology. 

The results presented differ qualitatively from those obtained in the earlier 
simulations with a shorter decision horizon equal to 20 years (Gadomski & Nahor-
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ski, 2005). The difference is connected with change of technology in the Scenario 
LP, with smaller permit price. For this case no change of technology occurred previ­
ously. It shows importance of prices and decision horizon for optima! decisions. 
Lower prices, and therefore lower incentives, and short (myopic) decision horizon 
are factors fostering undesirable effects - no change of technology. 
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