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Abstract

This paper analyzes the consequences of integrating the conservation laws of mass and energy into the
microeconomic models of production, consumption, and general equilibrium. We show that abstract
models and especially general equilibrium theory are consistent with these physical constraints, but most
applied and environmental economic models are not. We analyze the consequences of physical
conservation laws for substitution possibilities and show that these constraints limit the number of
independent substitution processes but not the value of the substitution elasticities. Finally, we propose a
method for integrating physical constraints into static microeconomic models with a minimum of changes.
r 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

The use of models in scientific research, whether in economics or in the natural sciences, always
implies some abstraction from reality. This leads to the question which aspects of reality should be
included into models and which can be safely neglected. In economic modeling, such a question
arises with the treatment of physical laws, like the conservation of mass and energy. These laws
are successfully used in the natural sciences and in engineering but are not explicitly included in
most economic models, although these models describe physical processes like the production or
consumption of physically measurable quantities. The discussion whether this neglection leads to
substantial problems has started more than 30 years ago and has not found a definite conclusion
yet.1
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Beginning with [3,11], several approaches to include the conservation laws of mass and energy
into economic models can be found in the literature. Some of them, like those in [1,6], or the
process analysis approach in [2], use partial analytic models, others, like those in [3] or [12],
concentrate on models of the economy as a whole. But all use highly specialized models, so that
they neither provide a general answer to the question whether the neglection of physical
conservation laws in economics is problematic, nor supply a broadly applicable method for
including these laws into economic models.

In this paper, we analyze in a general setting the consequences of including mass and energy
conservation into the models of production, consumption, and general equilibrium. In addition,
we introduce a method that allows this inclusion with only slight changes to these models. Our
results suggest that although physical conservation laws can be seen as implicitly accounted for in
general equilibrium theory, they are relevant for applied modeling and especially for
environmental economics. We show that most of the functional forms that are commonly used
in applied modeling are not consistent with any meaningful set of physical constraints. However,
this inconsistency is not caused by too large substitution possibilities, as has sometimes be
suggested (see, e.g., [4]), but by allowing for too many independent substitution processes.
Furthermore, our results suggest that a physically consistent model for environmental economic
analysis has to be rather large, that is, it has to include a large number of environmental goods.
Static models with only one or two physically measurable environmental goods, a type of model
that prevails in environmental economics, have to be either physically inconsistent or
economically uninteresting, since physical consistency implies that the environmental goods in
such a model are not used in equilibrium.

By these results, we provide at least a partial answer to the debate about the relevance of
physical conservation laws for economics. The neglection of physical constraints does not
undermine the validity of economic models per se. Nevertheless, their explicit inclusion seems
desirable to avoid misspecifications of functional forms in applied modeling and to prevent
disregarding important couplings between environmental problems in environmental economics.

The paper is organized as follows: first, we model the conservation laws of mass and energy
(Section 2) and integrate them into production theory (Section 3) and into consumption theory
(Section 4). We then analyze the consequences of these physical constraints for general
equilibrium and for general equilibrium with environmental interactions (Section 5). Two
examples and a discussion of our results conclude the paper.

2. Physical constraints

Since production and consumption are physical processes, they are subject to physical
constraints. A minimal set of these constraints is formed by the conservation laws of mass and
energy.2

ARTICLE IN PRESS

2 An inclusion of the second law of thermodynamics would also be interesting, but since the entropy content of

substances is not directly measurable and can only be calculated on the basis of idealized models, such an inclusion

would not lead to applicable results.
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