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About ModIEcon

Founded by Sameer Rege and Hans Kremers.

Registered in Luxembourg.

Extensive expertise on economic modeling to any individual, group, or institute lacking the necessary personnel
and financial resources.

Assists individuals, groups, and institutes to implement new economic models into their research practices.

Focusses mainly on computable general equilibrium modeling and integrated assessment, in particular on the
area of economy and environment: energy, climate change, transport, and land use.

Participates in projects by offering or developing the most suitable economic models.

Offers live and online courses in computable general equilibrium and integrated assessment modeling.
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The Circular Economy

Boulding, K. (1966). “The economics of the coming spaceship earth”. In: Environmental Quality in a Growing Economy, Washington D.C. Resources for
the Future: Resources for the Future.

Pearce, D. and R. Turner (1990). Economics of Natural Resources and the Environment. London: Harvester Wheatsheaf.

The concept of a circular economy has been first raised by two British environmental economists, Pearce and
Turner (1990). They pointed out that,

"a traditional open-ended economy was developed with no built-in tendency to recycle , which was reflected by
treating the environment as a waste reservoir . Yet, under the first law of thermodynamics where total energy
and matter remains constant in a closed system, the open-ended system could be and should be converted

to a circular system when considering the relationship between resource use and waste residuals . In
another word, facing existing environmental problems and resource scarcity, they called for a need to
contemplate earth as a closed economic system: one in which the economy and the environment are not
regarded by linear interlinkages, but by a circular relationship, Boulding (1966)".
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General Equilibrium Theory

An exchange economy with nonlinear constant returns to scale production technologies
consists of n + 1 goods with prices p+,...,p,.1, Which we put into a vector p.

Each good ;5 is the unique output good of production sector ;. Production sector ; has
a constant returns to scale technology ), from which it chooses the production bundle
z) € VI that maximises profits p' x7, given market prices p.

Cost minimisation results in an input-output bundle A(p)y with components a;;(p) = +1 in
case good j is the output good of producer 7, and a;;(p) < 0 otherwise, in case good £ is
the input good of producer ;. y denotes the vector of activity levels.

Each consumer ; obtains an income AM* = p' ! * from selling his endowments ! * at market
prices p. This income M* defines a budget set B(p) = {z € R | p' © < M'} from which
the bundle of n + 1 goods is chosen that maximises utility, given market prices p. This
homothetic utility function ¢/* defines the consumer’s preference ordering over each bundle
of goods.

Expenditure minimisation results in a demand function D(p)u with components d;;(p) = +1
in case good : is the utility good of consumer ¢, and d;;(p) < 0 otherwise, in case good £
IS the consumption good of consumer . u denotes the vector of utility levels «; for each
consumer 1.
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General Equilibrium Theory: Equilibrium

An equilibrium in an exchange economy with nonlinear constant returns to scale
technologies consists of market prices p, activity levels y, and utility levels u such
that

Market equilibrium: D(pu! A(py! ' "0 # p$ 0,

Zero profits condition: p A(p) " O # y$ 0.

he problem of computing market prices p , activity levels y , and utility levels u’
such that there exists an equilibrium is called the Equilibrium Problem.
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Social Accounting Matrix (SAM)*

Total

Activities Commodities consumers

Activities Revenue

Commodities Market Demand

consumers Endowments Income

Cost Market Supply Expenditure

*The elements of the SAM are In values (= price times gquantities).
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Computable General Equilibrium (CGE) Modelling

A CGE analysis of the impact of a policy compares a benchmark equilibrium with a
counterfactual equilibrium with respect to various indicators .

Benchmark equilibrium/scenario : equilibrium or scenario used as ‘benchmark’ for
comparison, e.g. ‘Business-as-Usual’ (BaU). Calibration of a (recursive dynamic)

version of the model on externally obtained scenarios such as GDP, CO, emissions
etc.

Counterfactual equilibrium/scenario . implementation of the policy results in adjusted
parameters or endowments, hence to an alternative or counterfactual scenario.

Indicators : we distinguish among

- model variables such as sectoral output, energy demand, consumption, savings

- welfare indicators such as the Hicksian Equivalent Variation (HEV) or Gross
Domestic Product (GDP)

- trade indicators such as the Terms of Trade (ToT)

- environmental indicators such as greenhouse gas emission levels.
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The disaggregation of production cost

The decomposition of waste into the consumer’s The disaggregation of total revenue made by the waste
endowments offered as waste. disposal sector into the cost of land and other factor
Inputs, and the cost of waste composite.

Total Cost / Total Expenditure Total Revenue = Total Cost

on Waste of
Waste Disposal

Chemicals Electrical
Value Added -Waste

Land Factors
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Social Accounting Matrix (SAM)* with waste disposal.

Commodities Land use Factors | Consumers Total

Act Comm!
------------------------------ Domestic output Exports Revenue

Commodity - Commodity

Inputs stocks bemand Market
""""""""""""""" Demand
Wasted?
Land use Landfill
""""""""""""""""""""" Value Added
Factors Factor inputs Exports
cConsumers - Commodity stocks Endowments max{0, CAB}4
Income
RoW:s Imports Imports max{-CAB,0}*
Total Cost Market Supply Total Endowments Expenditure Expenditure

*The elements of the SAM are in values (= price times quantities).
1*Act_ Comm’is the activity that produces commaodity ‘Comm’.

2 '‘WasteD’ denotes the commaodity ‘waste disposal'.

3 ‘RoW’ denotes the rest of the world.

4 CAB denotes the current account balance.
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Equilibrium with waste

The competitive equilibrium consists of commodity prices p, factor prices p/, world market prices p"", and utility price indices p“,
activity levels vy, and utility levels « such that

D(p,p! )ucons — Ap, p" )y — | X (") = M (") ugow +w <0 L p>0  (Commodity Market Equilibrium),

—w! + AT (p,p )y <0 1 pl >0 (Factor Market Equilibrium),
X("W) = M@p") - CAB(p")| urow < 0 1L " >0 (Trade Equilibrium),

Diow — @) T M(p"') — max{0, —CAB(p")}| urow < 0 1 piow = 0 (Current Account Balance),
Pons — Max{0, CAB(p"Y)}| ucons — p? "w < 0 1 p4.>0 (Consumption Budget),

p A(p,p?) +p’ T AT (p,p?) <0 1 y>0  (Nonpositive Profits),

pe .« —p' D(p,p’) — CAB(p") <0 1 uecons > 0 (Price Index of Utility for cons),

piow — (@) T X (") + CAB("Y) <0 1L urow > 0 (Price Index of Utility for RoW).
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Social Accounting Matrix (SAM)* with recycling technologies.

Commodities Land use Factors | Consumers Total

Act Comm!
------------------------------ Domestic output Exports Revenue

Commodity - Commodity

Inputs stocks bemand Market
""""""""""""""" Demand
WasteD Wasted?
Land use Landfill
""""""""""""""""""""" Value Added
Factors Factor inputs Exports
cConsumers - Commodity stocks Endowments max{0, CAB}4
Income
RoW:s Imports Imports max{-CAB,0}*
Total Cost Market Supply Total Endowments Expenditure Expenditure

*The elements of the SAM are in values (= price times quantities).
1*Act_ Comm’is the activity that produces commaodity ‘Comm’.

2 '‘WasteD’ denotes the commaodity ‘waste disposal'.

3 ‘RoW’ denotes the rest of the world.

4 CAB denotes the domestic current account balance.
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Introducing recycling technologies

Kremers, H., F. Pothen, and S. Rege (2018). “A note on the modelling of technological substitution in CGE models”. Conference paper presented at

the ECOMOD 2019 conference in Venice.
Peters, J. (2016). “GTAP-E-Power: an electricity-detailed economy-wide model”. Journal of Global Economic Analysis 1(2), pp. 156-187.

Introducing recycling into the equilibrium has significant implications for the equilibrium complementarity
itions defining the nonpositive profits conditions underlying the production of good /. We now have the

conoe
nlementarity conditions referring to the nonpositive profits conditions to produce good / using the old

com
wasteful technology '"Twaste’,

p an(p,p’) +pTal (p,p!) <0 L y, >0 (Nonpositive Profits 'Twaste’), (1)

and a new technology '"Tcycle’ with nonpositive profits conditions

p'an(p,p’) +prd£(p,pf) <0 L1 wy,>0 (Nonpositive Profits "Tcycle’), (2)

where the input output vector a; refers to the technology parameters determined by the new recycling tech-

nology "Tcycle’.




