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ABSTRACT— The General equilibrium theory tries to show how and why all free markets tend toward equilibrium in 

the long run. However, what is meant by equilibrium in this paper is more from a thermodynamical point of view. In 

order to understand the actual situation, it is necessary to study open systems which are complex. In physics, such a 

behavior in a complex system can be explain by using Non Equilibrium Thermodynamics. A system is able to self-

organize and sustain itself away from equilibrium. Economic systems may fluctuate around a particular point. To 

sustain it far from the equilibrium state, it needs to degrade more energy and materials. In this study, the energy 

consumption patterns of Sri Lanka and USA are discussed. The pattern concerning Sri Lanka is close to the model 

proposed here, whereas the energy consumption pattern of USA is more complicated due to external factors. 
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1. Introduction 

Field of economics was essentially part of philosophy, before the industrial revolution. Religion, morality and ethics 

played a significant role in early theories. As a result, early economic thinking generally took into account the welfare of 

the common man instead of individualism. Economic thought evolved through feudalism, mercantilism and trade policies 

was part of economic thinking of classical economist s such as David Ricardo and John Stuart Mill before the arrival of 

Adam Smith’s Wealth of Nation. The concern of distribution of wealth of the economy among rent, capital and labor was 

prominent during this period. The marginal revolution changes the models from the labor theory of value to utility of goods. 

Neoclassical economics was inclined towards Mathematics and Natural Sciences.  

The changes in economics changed economic theories and vice versa. Later on, concepts of globalization had a 

profound impact on theories and its implementation. Economic thought have always accompanied changes in economy, 

just as changes in economic thought influenced change in economic policy. As modern economic thought deals with the 

problem of globalization and therefore the emergence of a world economy. In the seventeenth and eighteenth centuries, 

advances in natural sciences including that of circulation of blood in the human body were made. This concept was adopted 

to the economy as circular flow of income. This was pointed out by François Quesnay in his book Tableau ´Economique 

(1759) (Charles, 2003). Quesnay argued that agricultural surpluses were the basis for the circulation in economy in the 

form of rent, wages and expenses were the real economic movers. Income flowed from one sector to other. Based on 

Quesnay’s analysis, it was argued that a “natural state” of the economy emerged when these income flows were in a state 

of “balance” (Vardi, 2012). There was balance of from one sector to other without expansion of contraction. The economy 

would continue in a stable manner once the natural state was achieve. 

The Physiocrats began the anti-mercantilist movement (Neill, 1949). They argue against government’s interference 

through price controls, taxes, and regulations. The economists were in favor of individual freedom which is supposed to 

result in economic growth. This was labeled as laissez faire or “let them do” (Landreth & Colander, 2002). Although the 

Physiocrats were in some more detailed in their thinking, classical economics may be considered as the first modern school 

of economic thought. This arose in Great Britain within the latter a part of the eighteenth century. It was mainly developed 

by Adam Smith, David Ricardo, and John Stuart Mill. 
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2. General Equilibrium in Economics 

Classical economists had a strong sense of equilibrium. According to them, the economy would tend to a certain 

position even after the disturbance. Alfred Marshall used partial equilibrium analysis to explain a relationship between 

supply and demand (Marshall, 1920). However, Leon Walras used equal number of equations to describe equal number of 

unknown to elaborate the general equilibrium in economy (Walras, 2003).  

The Walrasian model represented the first full recognition of the general equilibrium concept in the literature (Starr, 

2011). It clearly stated that, for 𝑁 commodities, there are 𝑁 equations, for supply 𝑆 and demand 𝐷.  

𝑆𝑘(𝑝1, 𝑝2, … , 𝑝𝑁) = 𝐷𝑘(𝑝1, 𝑝2, … , 𝑝𝑁) 

In the 𝑁 unknowns 𝑝𝑁 , 𝑛 = (1,2, … , 𝑁). 

Later, Kenneth Arrow, Gerard Debreu (Arrow & Debreu, 1954) and (Weintraub, 2011) used the fixed point theorem to 

demonstrate mathematically the existence of general equilibrium in economics. For their work in general equilibrium 

theorem Kenneth Arrow (1972) and Gerard Debreu (1983) receive d the Nobel memorial prizes in economics. What is 

meant by equilibrium in economics is that a point where the market supply equal demand. However, in this study (mostly 

based on Physics) equilibrium means static state and in certain cases it can be dynamic as well. 

3. Analogy between Economics and Physics 

Physics was developed by using the scientific approach. Economics tend to follow concepts in physics (and biology), 

and mathematics is used as a tool. Economics, focus on discussing the use of limited resources by people efficiently and 

effectively. Physics focus in discussing natural phenomena, the interaction between energy and matter. There are many 

economic concepts which have analogies with well-known concepts in physics. In the nineteenth century, Irving Fisher 

developed a set of mechanical analogy between economics and physics, invoking particle, force and displacement etc. 

Those are known as “fisher’s translations” and given in Table 1 (Mirowski, 1991). 

Table 1: Some of the analogies between mechanics and economics. 

Mechanics Economics 

A particle An individual 

Displacement Number of goods 

Force Price 

Energy Wealth 

Work or energy  = Force × Displacement Utility = Marginal utility × Commodity 

Force is a vector Marginal utility is a vector 

Forces are added by vector addition Marginal utilities are added by vector addition 

Work and energy are scalars Disutility and Utility are scalars 

The total energy may be define as the integral with 

respect to impelling force 

The total utility enjoyed by the individual is similar to the 

integral with respect to marginal utilities 

Equilibrium will be where impelling and resisting 

force acting alone each axis will be equal 

Equilibrium will be where marginal utility and marginal 

disutility along each axis will be equal 

Fisher’s explanation is best to begin an insight of the neoclassical model. And his notion has persisted as the teaching 

model long after the notion of Walras, which promotes the general equilibrium in economics. In Addition to mechanical 

analogy with economics, there are some more. The table 2 given below represent some of the Themodynamical analogy 

with economics (Mirowski, 1991). 
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Table 2: Some of the analogies between thermodynamics and economics. 

The concepts in economic and physics have a similarities. This study shows that the economical equilibrium is not a 

forgone conclusion. It can also fluctuate around the equilibrium, such as the thermo dynamical equilibrium fluctuate around 

its equilibrium position. This concept is discussed in Non- Equilibrium Thermodynamics (NET).   

Furthermore in Statistical Mechanics each microstate 𝑠 is weighed by energy 𝐸𝑠 of a system, which is in equilibrium 

with a heat reservoir by the factor 𝑒−𝐸𝑠 𝑇⁄ and the partition function can be defined as follow                                                          

𝑍 = ∑ 𝑒−𝐸𝑠 𝑇⁄

𝑠𝑡𝑎𝑡𝑒𝑠

 

From the above equation the free energy 𝐹 is defined via  

𝑍 = 𝑒−𝐹 𝑇⁄  

So that, 

𝐹 = −𝑇𝑙𝑛𝑍 

Where 𝐹 Helmholtz Free Energy gives the thermodynamic properties of the physical system. The number of economic 

states were necessary to make an analogy to economics. Moreover, an economic system will try to maximize utility or 

wealth. Whereas, a physical system will seek to minimize free energy (Saslow & Wayne, 2000). 

Consider an economics microstate 𝑠 with wealth 𝑊𝑠 and 𝑇 Economic temperature. Then the partition function can be 

defined follows, 

𝑍 = ∑ 𝑒𝑊𝑠 𝑇⁄

𝑠𝑡𝑎𝑡𝑒𝑠

 

And the utility 𝑈 

𝑍 = 𝑒𝑈 𝑇⁄  

So that 

𝑈 = 𝑇𝑙𝑛𝑍 

By considering this equations, the Boltzmann like relation can be obtained   

𝑈 = 𝑊 + 𝑇𝑆 

Where 𝑠 is economic entropy for an economy. 

Ultimately, it can be showed that the theory of fluctuation about economic equilibrium in analogy to the theory of 

fluctuations about thermodynamic equilibrium. The fluctuations 𝛿𝑁 in the number of particles 𝑁 satisfy   

      (𝛿𝑁)2̅̅ ̅̅ ̅̅ ̅̅ = 𝑇 (
𝜕𝑁

𝜕𝜇
)                                       (In thermodynamics) 

Where, 𝜇 is the chemical potential. In economy, fluctuations 𝛿𝑁 in the number of goods 𝑁 have a mean square average. 

Which satisfy 

 (𝛿𝑁)2̅̅ ̅̅ ̅̅ ̅̅ = −𝑇 (
𝜕𝑁

𝜕𝛽
)                                    (In economics) 

Thermodynamics Economics 

Helmholtz free energy(−𝐹) Wealth (𝑊) 

Energy (𝐸) Utility (𝑈) 

Temperature x  entropy  (𝑇𝑆) Surplus (𝜓) 

Chemical potential (𝜇) Price (𝛽) 

Number of  identical particles(𝑁) Number of goods(𝑁) 
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Where, 𝛽 is the price. This equation predicting that fluctuations increases when (𝜕𝑁 𝜕𝛽⁄ ) increases for a fixed 𝑇. 

Similarly fluctuations increases as 𝑇 increases for a fixed (𝜕𝑁 𝜕𝛽⁄ ) (Agarwal & Eisner, 1994). In order to have deeper 

understanding of economics, it is helpful to be familiar with the concepts of NET.  

4. Non-Equilibrium Thermodynamics (Net) and Economics 

NET is a branch of thermodynamics that which deals with non-equilibrium state variables which is often encountered 

in nature. A system it can be able to self-organize and sustain far from equilibrium. This can be understand by the theory 

of “dissipative structures” (Capra, 1996). Dissipative structures are open systems, they need a continuous input of free 

energy from the environment in order to maintain the system. That is flux of energy, into and out of a dissipative structure, 

which leads towards self-organization and ultimately the ability to function at a state of non-equilibrium. 

Natural systems such as economical systems are also self-organizing dissipative structures, they take in and give off 

energy from the environment in order sustain the processes and in doing so function at a state of non-equilibrium (Pierce, 

2002). Although the natural systems maintain a state far from equilibrium they are still described by the second law of 

thermodynamics. Like all physiochemical systems, natural systems are always increasing their entropy due to the 

overwhelming drive towards equilibrium. The Second Law therefore argue that all highly ordered, far from equilibrium, 

complex systems necessarily develop and grow at the expense of increasing disorder at higher levels in the surroundings 

 (Schneider & Kay, 1994). The economy is such highly ordered, complex, dynamic system. It is also an open system. The 

economic systems have moderate scarcity as their condition. But scarcity is not the primary condition for an economy. 

What economy rest on are gradients. They depend on the finding ways of keeping material flow at a suitable rate. Like 

other NET systems, economic systems are not isolated but are open systems. 

Economy go towards the equilibrium. This seems obvious as long as we keep in mind that markets and economies are 

not themselves closed systems, ultimately depend upon the ultimate “nonrenewable” resources the sun. A market, like an 

organism, depend s upon external source for their complexity maintaining gradient reduction activities. Economics, like 

the ecosystem, expand via the natural weal th of the gradients around them. However, the failure of profitable gradient 

promotes to become markets, is similar to the failure in an ecology of grasslands go through a process to become a forest. 

New realizations and innovations in the marketplace, like the evolution of new organism able to make use of old resources 

in new ways or to find altogether new ones to exploit. Likewise, the entirely stable ecosystem would be no economy at all. 

Economics and market like organisms and ecosystems are metastable non-equilibrium systems (Sagan & Schneider, 2006). 

The classical economy based their theories on a notion of the circulation process of production and consumption. The 

major assumption in a circular flow is that resources are limitless, which is clearly in violation of the second law of 

thermodynamics. The economic process consists of an eternal transformation of low entropy into high entropy. That is, 

into irrevocable waste or into pollution. Increasing economic activity requires more and more natural resources such as 

energy and materials. A limited resources view is necessary condition for standard economic theory but needs to be 

understood in the wide context of non-equilibrium markets and economies that find new ways to grow, essentially upon 

gradients. So the thermodynamic thinking about the economy is practical as well as theoretical. 

5. Energy and Economics 

Despite the fact that economies are not stable but metastable dissipative systems which are normally discussed in Non-

Equilibrium Thermodynamics. Like organisms and ecosystems, they tend to grow by exploiting gradients (Sagan & 

Schneider, 2006). However, the concept of entropy, which is important in economics, is difficult to quantify (Roegen, 

1971). Thus, energy consumption is used as a proxy for the measurement of entropy (Wijeratne, 2006). Hence, taking into 

account of thermodynamical concerns a model for energy consumption in an economy is proposed in figure 1. 

 

 

  

 

 

 

 

 

 

 

Figure 1: Energy per capita vs. income per Capita of Sri Lanka  

Energy per capita 
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Figure 4: GDP Per capita at current prices  

of USA from 1960 to 2017 

Figure 5: GDP Per capita at current prices vs Energy 

consumption Per capita Of USA 

In addition, the economical state can fluctuate around a point where near equilibrium (i.e., point B) where the point A 

is equilibrium state. And also economy can fluctuate around a point while situated much far from the equilibrium (i.e., 

point C and D) as shown in figure 1. To sustain it at much far from the equilibrium state (i.e., point D), its need to degrade 

much more energy and materials. An economical state such as shown in point C is relatively much more stable. The reason 

for this behavior is the economical fluctuations around that point C is relatively less compared to other states. This is a 

desired level of energy consumption compatible with the concept of sustainability, which is desired goal of this study. 

Energy consumption in Sri Lanka can be shown in different ways. Figure 2 gives total primary energy consumption as a 

function of the year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy consumption in Sri Lanka can be shown in different ways. Figure 2 gives total primary energy consumption as 

a function of the year. However, figure 3 gives the Per Capita GDP as a function of Sri Lankan Which have similar behavior 

as suggested by the model given (see figure 1) in this study. There is a clear shift in the pattern (i.e., point A to B) of total 

primary energy consumption (Anon., 2018) with respect to Per Capita GDP (Anon., 2018)  within this time period, Sri 

Lankan total primary energy consumption increased more or less while the Per Capita GDP increases suddenly. According 

to the fitted line plots (𝐶1and 𝐶2), relationship between Sri Lankan total primary energy consumption per capita and Per 

capita GDP can be expressed as follows.  

𝐶1: 𝑌 = 7030.98009 𝑋 + 3.38698 × 106 

𝐶2: 𝑌 = 2932.16851 𝑋 + 4.03829 × 106   

Where,   𝑌 : Sri Lanka total primary energy (joules)consumption per capita. 

         𝑋 : GDP per capita at current prices. 

It is necessary to fulfill the basic needs of a human being which are essential. Secondary, once a certain level of 

consumption and satisfaction is achieved, then there is the discretion to choose the economic activity. Therefore, the rate 

of energy consumption tend to be lower as there is a process of selection in ones economic activity. However, this may not 

be true in countries where energy is abundantly available. 

 

 

 

 

 

  

 

 

 

𝐶1 

𝐶2 

Figure 3: GDP Per capita at current prices vs. Sir Lanka  

total primary Energy consumption per capita 

Figure 2: Sir Lanka total primary energy consumption  

Per capita from 1980 to 2013 
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Nevertheless, the energy consumption patterns for USA is different from the model proposed by us. The GDP per capita 

 (Anon., 2018)  and energy consumption (Ratner & Glover, 2014) for USA economy is given above in figure 4 and figure 

5, respectively. This can be explained by the reasons given below.  

6. Mercantilism, Trade Agreements and Outsourcing 

Mercantilism is a method of using of power to increase exports while collecting precious metals instead (Irwin, 

1991).This process was dominant in the nineteenth century. This sits well with the present concept of American 

exceptionalism, where weaponizing the dollar is also an important concept. However, if the American manufacturing sector 

is concerned, it had drop from 53 percent of economy in 1965 to roughly one fifth of the economy in 1996. This process 

had been accelerated with trade agreements entered into by America which tends to hollow out the manufacturing sector 

of the economy. These changes in the economy have been aided by the increasing automation of the economy. The process 

of out sourcing (Iqbal & Munir, 2013) and the dollar as a global currency has resulted in large trade deficits which a threat 

to long term sustainability of USA economy. It is also clear the USA has been in continuous process of reduction of per 

capita energy consumption while increasing its per capita income. 

7. Conclusion 

It is desirable to consider economical systems from energy consumption perspective. The energy consumption pattern 

in USA is different from that proposed by our model, which may resemble more like that of Sri Lanka, if the USA economy 

is to be more inward looking. The key to sustainability of economy is the level of energy (and material) consumption in 

the system while minimizing environmental impacts. 
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