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PREFACE 

he most consequential transition in human history was the shift 

from feudalism to capitalism that began about 500 years ago.  

Feudalism was a relatively static economic system that expanded 

only gradually and thus posed a negligible threat to the environment.  

Capitalism, on the other hand, is a highly dynamic system that tends 
towards rapid growth.  Although these attributes can enhance human well-

being by permitting increased production and consumption, they also raise 

the possibility that economic expansion will overwhelm the global 

environment. 

This point was likely reached in the 1950s, when the atmosphere's CO2 
concentration broke through its long-term maximum of 300 parts per 

million.  Other signs of severe environmental stress soon followed, 

indicating that multiple environmental limits had been violated - a 

condition called ecological overshoot.  This meant that, unless expansion was 

quickly reversed, the environment would degrade at an accelerating pace 

until collapse occurred.  The necessary reversal did not in fact occur, and as 
this is being written in July, 2018 the signs of impending collapse are all 

around us.  I won't bore the reader with the details.  If you care enough 

about the environment to study this book, you know the story depressingly 

well. 

The ecological crisis resulting from overshoot has two components: 

environmental emergencies such as the Arctic meltdown, and the 
environmental pressures from an overextended global economy.  The 

emergencies can only be tackled through measures such as solar radiation 

management, extensive land-use changes, and the aggressive removal of 

T 
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greenhouse gases from the atmosphere.  The environmental pressures, on 

the other hand, must be addressed through a radical transformation of the 

global economy.  The Economics of Needs and Limits, or ENL, was 
developed to help guide this transformation. 

To understand more fully why such a theory is required, it is necessary 

to contrast our economic past and future.  Capitalism grew organically out 

of feudalism over a span of several centuries.  During this period the 

concepts and analytical tools of standard economics were developed to 

support the capitalist project.  The system and theory could afford this 
leisurely development because environmental limits had not yet been 

reached. 

The situation today is fundamentally different.  Because of ecological 

overshoot, a lengthy historical process is off the table.  A post-

expansionary economic system must be immediately constructed, and this 

cannot be done unless a sustainable economic theory such as ENL is 
available to direct the process.  It is therefore no exaggeration to say that 

the rapid development and implementation of such a framework is now a 

matter of existential significance for both humankind and the natural 

world. 

This book, which describes ENL in detail, is organized as follows: 

Chapter 1, The ENL Framework, discusses some general attributes of 
ENL, including its ethical stance and its approaches to analysis and 

quantification. 

Chapter 2, Consumption and Value, initiates the technical treatment of 

ENL.  The first topic is consumption because this is the economy’s ultimate 

purpose. 

Chapter 3, Production and Cost, covers production, which makes 
consumption possible. 

Chapter 4, Maximizing Gains, is the first of three chapters that address 

ENL’s core analytical tools.  The topic here is the maximization of health 

for the current population, without regard to environmental limits. 
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Chapter 5, Environmental Limits, modifies the tentative conclusions of 

chapter four by taking environmental limits into account. 

Chapter 6, Population, establishes an economy's rational population 
level, thereby completing ENL’s analytical core. 

Chapter 7, Labor Productivity, discusses the factors that bear on the 

productivity of labor.  Standard thought insists that this should be 

maximized, whereas ENL's logic indicates that it should be optimized. 

Chapter 8, Trade, deals with imports and exports.  The analytical 

approach used here is based on the logic of allocation rather than 
comparative advantage. 

Chapter 9, Reflections on a New Economics, offers some general 

thoughts about ENL as a theory, the prospects of its implementation, and 

the shape of an ENL-guided economy. 

Also included are two appendixes: a glossary of selected terms and a 

proposed physical health index for measurement purposes. 

The initial version of this book was self-published in 2007 under the 

title, Needs and Limits: A new economics for sustainable well-being.  The second 

edition appeared in 2008 and the third in 2010.  The title was then changed 

to The Economics of Needs and Limits, without a subtitle.  The first edition of 

this renamed version was self-published in May, 2013 and the second in 

October of the same year.  For this Kindle edition I have gone back to using 
a subtitle in order to clarify the book's purpose. 

Frank Rotering 

August 31, 2018 

Website:  ecologicalsurvival.org 

Email:  frank_rotering@yahoo.com 
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CHAPTER 1  
THE ENL FRAMEWORK 

few general topics must be discussed before ENL’s concepts and 

analytical tools can be introduced.  These include the framework’s 

ethical stance, the scope of its analysis, its abstract representation 

of the economic world, and how it views the relationship between 

humankind and nature. 

Because ENL is a new mode of economic thought, it unavoidably 
introduces a large number of technical terms.  When such a term is first 

defined, it is printed in bold italics.  If you forget a definition as you 

proceed, or simply need clarification, please consult the book's glossary. 

Ethical Stance 

Any conceptual framework that seeks to guide economies towards 

sustainability and well-being must have an ethical stance at its foundation.  

Because an economy is based on the interactions among people, the nature 
of these interactions must be broadly defined.   Without this foundation it 

is impossible to formulate a meaningful economic goal, and thus to 

separate rational from irrational economic objectives. 

ENL’s ethical stance is that all human beings, present and future, are of high 

and equal worth.  The assertion that all human beings are of high worth 

A 
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implies that their well-being should be maximized.  The assertion that they 

are of equal worth implies that the economy should be equitable.  And the 

fact that these assertions apply to both present and future humankind 
implies that the biosphere should be protected for the well-being of our 

descendants. These three implications – maximum well-being, economic 

equity, and environmental sustainability – are collectively called 

sustainable well-being.  This is the goal of an ENL-guided economy. 

Two important points must be made about this stance.  First, the "equal 

worth" criterion does not mean that everyone must be economically equal.  
If inequality raises the sustainable level of well-being for all, then no-one 

has been deprived for someone else’s benefit.  It is true that inequality has 

serious implications for social stability and solidarity, and these factors 

must be carefully considered in determining how much inequality, if any, 

to permit.  But equality (sameness) is not synonymous with equity 

(fairness), and the two must be distinguished if we are to apply ENL’s 
ethical position without distortion.  Second, the interpretation of ʺall 

peopleʺ in the ethical statement depends on the geographical scope chosen 

by the analyst.  While this scope is ideally global, this broad reach may be 

unrealistic for a variety of reasons.  It may therefore be necessary to apply 

the ethical stance to a region instead.  This subject is discussed further 

below. 

Technological Neutrality 

For ENL, the term "economic progress" refers to changes that move an 
economy towards sustainable well-being.  What must be emphasized is 

that only such changes constitute progress.  The latter is not equated with 

increasing output quantity, greater scientific knowledge, or rising technical 

sophistication.  This position, called technological neutrality, means that 

ENL's terms, concepts, and analytical tools contain no explicit or implicit 

judgments about a society's level of scientific and technological 
development.  The framework thus includes no notions of underdeveloped 

and developed, or of primitive and advanced.  Instead, a society's 
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technologies are neutrally characterized as varying from a low to a high 

level of complexity. 

ENL's technological neutrality implies, for example, that an indigenous 
tribe in Borneo or the Amazon does not progress economically by 

industrializing or by adopting technical innovations, but by moving 

sustainably from a lower to a higher level of well-being.  Such changes 

could entail the adoption of such innovations, but the tribe's progress is 

measured exclusively by its well-being and ecological impact. 

In brief, ENL sees technological complexity as a choice that a society 
should make independently.  Remaining technologically simple or 

becoming technologically complex is not a decision about progress, but 

about people's relationships to their productive activities, to the natural 

world, and to their fellow human beings. 

Analytical Scope 

Analytical scope refers to the boundaries of ENL's subject matter, thus 

identifying the range of topics for which the framework takes analytical 

responsibility.   The first thing to note is that ENL is not intended to 
replace economic thought as a whole.  Instead, it is exclusively a guiding 
framework.  What this means is that it provides concepts and analytical 

tools to establish rational economic objectives, but it has nothing to say 

about an economy’s operational details.  Another type of economic theory, 

called a functional framework, must be employed for this purpose. 

A strong temptation that must be avoided in developing a guiding 
framework is to cast the net too wide, thereby inviting non-economic 

issues into an economic theory.  This is frequently the response of 

progressive economists when faced with the insularity of most mainstream 

approaches.  A typical example is the work of Neva Goodwin, a heterodox 

economist at Tufts University: 
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"... since 1994 I have been working with a number of colleagues to develop an 
alternative [to standard economics], which we call contextual economics.  The name 
comes from our conviction that an economic system can only be understood when it 
is seen to operate within a social/psychological context that includes ethics, norms 
and human motivations, culture, politics, institutions, and history.  It also operates 
within a physical context which includes the built environment, as well as the 
natural world." 1 

From the perspective of a guiding framework, this pluralistic approach 

completely misses the mark.  The environmentally destructive logic of 

capitalism cannot be overcome by broadening the boundaries of economic 

studies because this will simply disguise the true nature of this logic.  We 
should instead confront it head-on, expose its errors, and replace it with a 

coherent post-capitalist logic.  The fundamental problem with standard 

economics is not its context, but its contents.  The likely result of the 

pluralism espoused by Goodwin and her colleagues will be to perpetuate 

today's expansionary economic thought into the indefinite future. 

ENL avoids this trap by adopting a narrow analytical scope.  This 
focuses attention on the economic logic itself and thus avoids diluting it 

with non-economic concerns.  The framework's analytical boundaries are 

established by first noting that the ultimate purpose of an economy is 

consumption, which is defined as the assimilation and utilization of 

outputs to satisfy human consumption desires.  For consumption to occur, 

outputs must be assigned to consumers, a social act called distribution.  
Distribution in turn requires that outputs are produced, and production 

requires that inputs are allocated to the desired outputs.  ENL's analytical 

scope is this chain of core economic activities: humankind's allocation, 

production, distribution, and consumption, plus any directly related 

activities and considerations.  ENL tries to adequately address these topics, 

but it intentionally avoids extending its reach any further. 
Another good reason for a narrow analytical scope is that it isolates the 

purely economic rationale for an action or policy, thereby permitting this 

rationale to be explicitly balanced against non-economic factors.  Although 

ENL's conclusions reflect critical aspects of social life, other modes of 
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thought are also relevant.  My view is that mature social decisions will arise 

more readily from the interaction of several tightly focused, well-defined 

analytical frameworks than from a single diffuse framework.  ENL has been 
developed with this viewpoint in mind. 

Geographical Scope 

In standard economics the geographical unit of analysis is typically the 

country.  Statistics such as GDP (gross domestic product) and trade deficits 

almost always refer to specific countries, and most economic policies are 

developed on a national basis.  In ENL the country is construed as a purely 

political entity, without special economic significance.  The framework 

treats the geographical unit of analysis as either a region or the globe as a 
whole.  If the unit is a region, this can be an area within a country, a 

country itself, or a collection of territories up to but not including the 

entire globe.  When the term "economy" is used in this book, it refers to 

the chosen geographical unit.  Geographical scope in ENL is thus either 

regional or global, depending on the analyst's perspective and 

requirements. 
The most basic application of geographical scope is in relation to ENL’s 

ethical stance.  If regional scope is chosen, "all human beings" includes 

everyone who resides in the selected region.  If global scope is chosen, this 

phrase refers to everyone on the planet.  ENL also applies geographical 

scope to value, cost, and an economy's environmental budgets.  

Geographical scope thus determines the population over which value and 
cost are aggregated. 

Assume, for example, that the territory chosen for analysis is a 

bioregion - a biologically unified area such as a seaboard, desert, or valley.  

To determine the overall performance of this bioregion's economy with 

respect to well-being, the value gained and the cost incurred by its 

population are both summed.  When cost is subtracted from value, the 
result is the total well-being achieved.  Because regional scope has been 

chosen, any value gained and cost incurred outside this bioregion are 
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ignored.  A region is thus an explicit demarcation between "us" and 

"them" for the purpose of economic calculation. 

As will be discussed further in chapter five, an environmental budget is 
the maximum amount of a natural source or sink that an economy can 

safely exploit before ecological degradation begins.  An economy's 

geographical scope defines the physical area, such as the bioregion just 

mentioned, that is associated with these natural assets.  An important 

exception is when a region’s wastes (pollution, garbage, etc.) cross its 

borders into the world outside.  In all such cases the region must take full 
responsibility for its polluting actions.  This topic is also discussed in 

chapter five, which deals with the environmental limits to economic 

activities. 

A key analytical difference between regional and global scope is that 

trade is possible between regions, but not when the economy is construed 

globally.  In the latter case the only possibility is the exchange of goods and 
services among the world's citizens.  Value and cost would then be 

aggregated globally, and all environmental budgets would be calculated on 

a worldwide basis. 

ENL gives analysts a choice with respect to geographical scope because 

this provides a degree of flexibility.  Political borders can be respected or 

ignored depending on the nature of the analytical project.  Global scope can 
be used if the world is fruitfully seen as an economic community, but 

regional scope can be employed if this unity is not recognized, or if a more 

restricted area must be directly addressed for other reasons. 

Economic Abstraction 

Systematic thought about any complex reality requires that we ignore 

minor details and focus on significant features.  The distinction between 

the minor and the significant sets the stage for all subsequent development 

and is thus of central importance.  When combined with analytical and 
geographical scope, ENL's economic abstraction fully defines the range of 

topics that constitute its analytical universe.  The abstraction used by ENL 
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is depicted in figure 1-1.  The components are briefly described here and 

treated more fully in the remainder of the book. 

 

The diagram uses solid lines to depict flows that are predominantly 

physical, and dashed lines to depict flows that are predominantly non-

physical.  It divides the economic world into three major components: 

humankind, nature, and the economy itself.  There is a highly significant 

relationship among these three major components: the economy is the 
means for achieving humankind's ends, subject to nature's constraints.  This 

set of relationships is fundamental, and recognizing it is indispensable not 

just for ENL, but for any other guiding framework that might be developed 

in the future.  As many commentators have noted, the economy exists for 

people rather than the other way around.  Stating this clearly and making it 

a central part of the economic abstraction should ensure that we will never 
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treat the economy as an end in itself, but will instead focus on the human 

requirements that - within natural limits - justify its existence. 

The other pitfall that must be sidestepped is to confuse an economy's 
goal with the constraints that must be respected while striving to meet this 

goal.  Undeniably, an economy must operate within its environmental 

limits.  But this restriction is not the economy's purpose - the economy is 

there to meet humankind's needs for shelter, sustenance, etc.  If this is 

unclear, think about driving a car.  We don't do this to avoid accidents, but 

to get to our destination.  In getting to our destination, however, it is 
important that we avoid accidents.  I emphasize this obvious point because 

environmental sustainability has been misidentified as an economic goal by 

several modes of environmental thought, including many proponents of 

ecological economics.2 

Humankind is at the heart of ENL's economic concerns, and is therefore 

placed at the top of the abstraction diagram.  As can be seen from the 
arrows, people interact with the economy in three ways: through the 

consumption of final outputs, the provision of labor, and the health effects 

associated with the environmental consequences of production. 

A final output is one that is directly consumed, and therefore includes 

such things as houses, books, meals, and manicures.  Any other output is 

called an intermediate output.  Some outputs can be both, depending on 
their application: a train can be used for leisure travel or to deliver cargo; a 

computer can be used to play games or to write business reports.  Because 

many final outputs are physical objects, consumption is shown as a solid 

line.  Labor is not a physical flow and is therefore shown as a dashed line. 

Inside the box marked "nature" are renewable and nonrenewable 

resources, which flow from nature into the economy.  Nature also includes 
the capacity to absorb wastes and the potential for habitat destruction.  

These are represented by arrows going the other way - from the economy 

to nature. 

Renewables are resources associated with the sun's radiation: the 

organic components of the biosphere plus the hydrological and 

atmospheric phenomena resulting from solar energy.  Although 
independent of the sun, the geothermal energy from the earth's interior is 

also included in this category.  Nonrenewables are materials found in the 
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earth's crust that are not regenerated over time periods that are 

meaningful to humankind.  These include minerals, fossil fuels, topsoil for 

agriculture, and to some degree water.  Such natural assets are stored, in 
finite amounts, in accumulations called stocks. 

Habitat destruction refers to the degradation of living conditions for 

non-human species as a consequence of humankind's economic activities.  

This can result in the weakening of species and their eventual extinction.  

Wastes are the material residues of economic activities.  They include 

pollution, materials discarded during production, and outputs that are 
thrown away at the end of their useful lives. 

The four main interactions between nature and the economy - habitat 

destruction, wastes, renewables, and nonrenewables - are referred to in 

ENL as natural flows.  The first three of these have a biological basis and 

are therefore called biological flows.  Such flows, which are associated with 

ecological degradation and threshold effects, are used to set production 
limits.  The fourth type of natural flow, nonrenewables, does not have a 

biological basis.  These resources are subject to depletion, but not to 

degradation or thresholds, and are therefore ignored when production 

limits are established. 

The box marked "economy" contains final outputs and intermediate 

outputs.  As noted above, intermediate outputs are not themselves 
consumed, but are used in the production or consumption of other outputs.  

Included in this category are the components of a final output, such as the 

cabinets and paint used in producing a house, as well as machines and 

other productive assets, such as buildings and trucks.  The distinction 

between final and intermediate outputs is crucial because our consumption 

desires are met exclusively by final outputs.  Producing intermediate 
outputs may be good for business, but from ENL’s perspective they are 

simply a means to an end - the production of the final outputs that can 

enhance human well-being. 

As mentioned above, this abstraction helps define the extent of ENL's 

analytical universe.  The framework's purpose is to develop methods that 

permit us to estimate rational quantities and rates for all the economic 
components shown in the diagram, plus the population level.  However, the 

abstraction also defines the limits to this universe.  For example, while the 



 CHAPTER 1 – THE ENL FRAMEWORK 

THE ECONOMICS OF NEEDS AND LIMITS 10 

framework proposes a method for limiting waste flows in general, it does 

not consider specific waste flows such as carbon dioxide or plastics.  Such 

details are in the realm of the physical sciences, which must be consulted 
in conjunction with ENL and a functional framework to address concrete 

environmental issues. 

Output Life Cycle 

An output can be considered from two different perspectives: as a 

discrete commercial product, or as part of a long chain of activities that 

ends in consumption.  Standard economics usually takes the first view, 

which is aligned with business realities and sees each output as a distinct 

profit-making opportunity.  In this view, for example, the extraction of 
raw materials for bus components, the manufacture of these components, 

the construction of the bus itself, and the recycling or disposal of the 

disused bus are all treated separately.   The second view might be called the 

social perspective.  This sees all bus-related activities as a unified process 

that results in bus transportation services.  ENL adopts the latter view, and 

refers to the unified process as the output life cycle.  See figure 1-2. 
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For durable outputs like houses, ships, furniture, and buildings, all the 
stages shown in the diagram apply.  For non-durable outputs like food 

there is no maintenance stage, but disposal does apply - this is the vexing 

problem of dealing with human wastes in a sanitary manner to prevent 

disease and to return nutrients to the soil. 

ENL uses a life-cycle approach because one of its central tasks is to help 

determine if, and at what quantity, an output should be produced.  Ignoring 
environmental factors for the time being, this can be rationally addressed 

only if the human value and cost associated with the entire economic chain 

are estimated and compared.  The commercial production of tires can be 

analyzed separately for business purposes, but the human desirability of 

such production can never be considered in isolation.  Tires on their own 

cannot be consumed and therefore have no human value to offset against 
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the human cost of their production.  For ENL the life-cycle perspective is 

thus unavoidable.3 

Of course, figure 1-2 is a highly simplified version of an extremely 
complex economic reality.  Each intermediate output has its own life cycle, 

which includes other intermediate outputs, each of which has its own life 

cycle in turn.  Adding to the complexity is the fact that we must assess the 

contributions of each intermediate output to the various final outputs with 

which it is associated.  For example, if one intermediate output is used to 

produce five final outputs, we must decide if each final output will be 
"charged" with 20% of the intermediate output's cost and natural resource 

use, or if some other division is more appropriate.  At the present stage of 

its development, ENL does not address this question. 

Marginal Analysis 

Although standard economics is frequently criticized in this book, the 

field deserves praise for its formalization of marginal analysis.  This is a 

method that emphasizes the incremental, or marginal, changes in 

quantities rather than the totals we tend to emphasize in daily life.  For 
instance, if a quantity increases from seven to nine, the marginal view will 

highlight the difference between them - plus two - rather than the original 

and final figures.  Marginal quantities are central to economic thought 

because they allow us to establish an activity's optimum level - that is, the 

level that maximizes the resulting benefits.  ENL is deeply concerned with 

such maximizations, and it is therefore strongly committed to both 
optimization and the marginal analysis this necessitates. 

To make the method and its application more concrete, imagine that 

you are Robinson Crusoe stranded on an island.  In order to stay alive you 

must gain enough energy from the island's food sources to fuel your 

internal fires.  It takes energy to gather food, so you must balance your 

energy gains against your losses.  What is the best strategy for obtaining 
your sustenance?  It turns out that you will maximize your chances of 

staying alive if you continue hunting, fishing, and picking berries until the 
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next unit of food - the marginal unit - requires more energy to obtain than 

the energy you would gain from its consumption.  If you gather less food 

than this, you are not gaining as much net energy as you could from your 
surroundings.  If you gather more, your overexertion will result in lost net 

energy.  In either case you could perish in a difficult environment. 

I have encountered two criticisms of marginal analysis among 

environmental thinkers.  One is that the method is part of standard 

thought and is therefore suspect.  The other is that the truly important 

issues in economics today relate to ecological thresholds, which are not 
subject to the marginal approach. 

The first objection is irrelevant.  While it is true that standard 

economics strongly supports capitalism's ecocidal logic, its broadly 

applicable techniques can and should be adopted by a guiding framework 

such as ENL.  The problem lies not with the method itself, but with the way 

it is employed: the quantities that are marginally analyzed and the skewed 
interpretation of the results.  The same comment applies to mathematics 

and other tools used by standard thinkers. 

Regarding the second objection, it is undeniable that many significant 

economic issues today involve thresholds, and that marginal analysis 

should not be used in those cases.  But many other issues are amenable to 

marginal analysis, and in fact cannot be analyzed in any other way.  This is 
why ENL is structurally split: its treatment of human gains depends on 

optimization and thus uses marginal analysis, whereas its treatment of 

environmental limits deals with threshold effects and thus avoids this 

method. 

The following summary of marginal analysis, by standard economic 

thinker and historian Joseph Schumpeter, precisely reflects my own views: 

"Marginalism came quickly to be considered the badge of a distinct school.  And not 
only that: it even acquired a political connotation, growing, in the eyes of some, into 
a reactionary monster that stood ready to defend capitalism and to sabotage social 
reform.  In logic, there is no sense whatever in this.  The marginal principle per se is 
a tool of analysis, the use of which imposes itself as soon as analysis comes of age." 4 
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Graphs and Quantification 

Before proceeding to ENL's analytical concepts and tools, I must address 

the graphs I will use, as well as the underlying issue of quantification.  My 

use of graphs came under attack some years ago by an environmental 

group that evaluated an early version of ENL.  The group’s main objection 
was that, because the quantities I described have never been measured, my 

graphs were meaningless.  This criticism betrays a serious 

misunderstanding about the nature of intellectual development.  When 

used in the physical or social sciences, graphs fall into two categories: 

those that express known quantitative relationships through empirical 

curves, and those that express general conceptual relationships through 
notional curves.  Each category is indispensable in its proper sphere.  Let me 

illustrate this by providing an example of each from scientific sources. 

A physics text I own shows a graph that relates the force on a car as a 

function of time during a crash impact.  Force is on the vertical axis, in 

Newtons.  Time is on the horizontal axis, in seconds.  The graph’s curve, 

which traces the destruction of a Mercedes-Benz over 120 milliseconds in a 
test environment, is based on actual measurements and is therefore 

empirical.5 

A completely different situation exists for scientists who are studying 

the prevalence of life in the universe.  Controlled conditions do not exist in 

this domain, so direct measurements are impossible.  One intriguing book 

on the subject shows a graph that relates species diversity to mass 
extinction events.  Diversity is on the vertical axis, without units.  Mass 

extinction events are on the horizontal axis, also without units.  There are 

two curves, depicting two possible relationships between the variables.  

Although these curves are entirely notional, they express the authors' key 

ideas succinctly and accurately.6 

If the environmental group's objection had been applied to this 
investigation, the authors would have been unable to posit these 

hypothetical relationships, thereby undercutting the scientific development 

of their field.  More generally, such a restriction would negate the 

development of any new field or framework, which must necessarily begin 

with raw ideas and provisional relationships. 
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A good example of such a relationship in economics is the Laffer curve, 

which relates tax rates to tax revenues.  According to legend, the 

conservative economist Arthur Laffer graphed this relationship on a napkin 
in a Washington restaurant in 1981.  The curve, which is still being printed 

in economics texts, shows tax revenues initially rising as the tax rate 

increases, and then declining once the tax rate reaches a threshold point.7  

There are no units on either axis, and at the time Laffer doodled on his 

napkin, there was little or no data to support the curve's shape.  The Laffer 

curve is thus entirely notional, but it nevertheless played a major role in 
the upsurge of supply-side economics in the 1980s. 

Notional curves are extremely important because they provide 

investigators with both the guidance and the incentive to perform the 

necessary research to transform them into empirical curves.  Once a curve 

is drawn, economists can examine statistical data and try to substantiate 

the relationship being depicted.  Where such information is lacking, they 
can initiate efforts to collect it. 

In brief: So long as the underlying ideas are sound, notional curves can 

accurately depict general relationships, permitting both the analyst and the 

public to draw broad conclusions.  Such curves are frequently indispensable 

in the early stages of theoretical development.  Because ENL is in its 

infancy, all the graphs in this book express broad conceptual relationships 
using notional curves.  The test of these graphs is not whether the 

quantities have been measured, but whether they are in principle 

measurable - that is, if they are based on well-founded concepts and 

coherent reasoning. 
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CHAPTER 2  
CONSUMPTION AND VALUE 

alue and cost are the central concepts in economic thought.  As such, 

they have been subjected to various interpretations and ideological 

distortions over the past several centuries.  If the reader is not aware 

of these developments it will be difficult to place ENL's treatments in their 

proper context.  This chapter and the next therefore include brief histories 

of these ideas before describing their ENL counterparts.  Before addressing 
the value concept, however, let me present a broad overview of the 

economic process. 

Distribution and Consumption 

Economies vary widely due to differences in technology, culture, type of 

economic system, and many other factors, but they all share a set of core 

activities.  When these are combined, they form the generic economic 

process shown in figure 2-1. 

V 



 CHAPTER 2 – CONSUMPTION AND VALUE 

THE ECONOMICS OF NEEDS AND LIMITS 18 

 

The predominantly physical aspects of this process are indicated by the 

solid arrows.  For example, inputs such as natural resources, machines, and 

labor are converted by production into final outputs, and these outputs are 

then consumed.  The social aspects of the process - allocation and 

distribution - are indicated by the dashed arrows.  Allocation refers to 

decisions that determine which inputs will be used to produce which 
outputs.  This is critical to the economic process because it is the starting 

point for all subsequent activities.  The other social aspect of the economic 

process is distribution, which determines by whom, and in what 

quantities, outputs are consumed.  (ENL in fact broadens the concept of 

distribution to include labor and wastes.  For simplicity, this is ignored in 

the depiction above.) 
In this book we begin with the shaded components at the right side of 

the diagram - distribution and consumption.  This is because consumption 

is the economy’s purpose, or end, whereas allocation and production are 

the means used to achieve this end.  Without understanding the value 

concepts associated with the economy's purpose there would be no basis 
for understanding production and cost, and thus no rational grounds for 

allocation decisions. 
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A Brief History of Value 

In economics, value is what human beings desire in an object or service.  

Water has value because it supports life, a bicycle because it provides 

transportation, and music because it gives us pleasure.  In a simple 

economy without exchange, this intuitive meaning is the only one that 
applies.  In an exchange-based economy such as capitalism, it is necessary 

to distinguish between use-value and exchange-value. 

Use-value is the direct usefulness of an object or service to human 

beings, as indicated by the above examples.  Exchange-value by contrast 

refers to indirect usefulness - the capacity of one commodity to be 

exchanged for another.  For example, if four units of commodity A are 
normally exchanged for one unit of commodity B, then the exchange-value 

of B is four units of A.  The distinction between the two types of value is 

fundamental to the understanding of market economies, so we must 

always be clear which one is being used when performing functional 

analysis. 

Something can have use-value without having exchange-value.  Rocks 
can be useful, and air certainly is, but because these items are readily 

available they cannot be exchanged for anything else.  The converse is not 

true - something cannot have exchange-value without having use-value.  

Even if something has been produced with great expenditures of time, 

effort, and natural resources, it cannot be exchanged for another output 

unless someone besides the producer finds it useful. 
Standard economics today uses the word "utility" to mean use-value.  

There is no real difference between the two, so use-value as a concept still 

exists in conventional thought.  Exchange-value is a different story 

entirely.  As the result of a bitter ideological battle, this concept has largely 

disappeared from view.  Let me briefly tell this important story. 

Adam Smith proposed early in Wealth of Nations (1776) that labor time 
should serve as the measure of exchange-value: 
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"Labour alone, therefore, never varying in its own value, is alone the ultimate and 
real standard by which the value of all commodities can at all times and places be 
estimated and compared.  It is their real price; money is their nominal price only." 8 

However, he felt that this was true only in the "rude" state of society, 
and that the principle does not apply to a modern economy.  Despite 

Smith's ambivalence about the role of labor in exchange-value, his idea 

was picked up by two other economic thinkers: David Ricardo and Karl 

Marx.  In Marx's version, labor time expresses capitalism's estimate of the 

social resources required to produce a commodity, and as such it plays a 

central role in the system's functioning. 
Marx used his labor theory of value as the central tool in explaining 

capitalism's internal dynamics and systemic tendencies, especially in his 

major work, Capital.  However, given Marx's revolutionary commitments, 

his interpretation of exchange-value was ideologically unacceptable to 

standard thinkers.  They initially responded by rejecting his theory as a 
valid explanation of exchange-value, and then expunged the latter term 

from economics entirely.  If you look in the index or glossary of an 

economics text today, “exchange-valueʺ will almost certainly be absent, 

and even "value" by itself is becoming rare. Standard economists today 

have little interest in capitalism's systemic features, and have shifted their 

attention almost entirely to market phenomena that can be analyzed with 
the less nettlesome concepts of utility and price. 

To the best of my knowledge, all current economic theories treat use-

value as subjective - that is, as indicating the strength of individual desire 

for a commodity.  This interpretation accurately reflects the realities of 

capitalism and is thus unavoidable for a functional framework that 

addresses this system.  Under capitalism, the use-value of a commodity is 
dependent on the consumer's personal desires, so long as these are 

accompanied by the capacity to pay.  Succinctly stated, use-value under 

capitalism means affordable consumption desire.  There is no ideological 

distortion here, which is why subjective use-value is among the few 

concepts that are common to Marxian and standard theories.  In fact, 
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Marx's characterization of a commodity's use-value could have been 

penned by any standard thinker: 

"A commodity is ... a thing that by its properties satisfies human wants of some sort 
or another.  The nature of such wants, whether, for instance, they spring from the 
stomach or from fancy, makes no difference." 9 

Exchange-value and price are crucially important to a functional 

framework because they help explain the operations of a market-based 

economy.  However, the concepts are not useful in setting broad economic 

objectives, and therefore play no role in a guiding framework.  For this 

reason, the only type of value defined in ENL is use-value.  Despite the 
universal interpretation of use-value as subjective in functional 

frameworks, there is nothing illogical about treating it as objective for 

guiding purposes.  As will be seen shortly, this is the approach taken by 

ENL. 

Value and Cost are Human Measures 

Over the past several decades, as concern about the environment has 

grown, the concepts of value and cost have increasingly been applied to 
ecosystems and natural resources.  The motivation for doing so is obvious: 

if the environment has monetary value, and if its destruction incurs 

monetary cost, then the natural world will be taken into account when 

economic decisions are made.  This idea underlies much of ecological 

economics and “natural capitalismʺ 10. 

It is true that the application of value and cost to nature can be effective 
as a short-term response to environmental degradation.  This approach 

uses capitalism’s own measurement standard, money, to modify the 

system’s operations and to decrease its ecological impact.  However, ENL is 

intended to be part of a transformative shift that replaces capitalist logic 
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for guiding purposes, reverses overshoot, and strives for sustainable well-

being.  The critical requirement for such a framework is conceptual 

coherence in order to drive this shift forward.  In this context, value and 
cost cannot be extended to nature.  Let me briefly explain why this is so. 

Although human beings are integrated with the natural world in many 

respects, from the economic perspective the two are in distinct categories.  

As noted in chapter one, human beings are the economy's end, whereas 

nature establishes the economy's constraints.  People can make 

autonomous choices, but much of nature cannot.  People can share 
experiences and awareness with their fellow human beings, but we cannot 

do so with nature.  Because of these fundamental differences, it is 

impossible to apply the concepts of value and cost to both humankind and 

nature in a meaningful way. 

The problem here relates to an extremely important concept in 

economic thought: commensurability.  This is the idea that entities can be 
measured by the same yardstick, and thus quantitatively compared, only if 

they are qualitatively the same, or at least very similar.  Considered 

economically, people and nature are qualitatively different, and trying to 

apply the same economic yardstick to both creates insurmountable 

difficulties. I know this from experience.  When I first started to develop 

ENL, I accepted the concept of environmental cost and tried to place it on 
the same graph as human cost.  I had no common yardstick, so I drew 

human cost as a solid curve and environmental cost as a dashed curve.  

This didn't last long.  It soon became apparent that I was guilty of 

conceptual falsification, and that damage to humankind is 

incommensurable with damage to nature.  Similar comments apply to 

value. 
Another factor that comes into play regarding value and cost is that the 

terms are often used loosely in daily life, and it is easy to transfer these 

informal meanings into economic thought.  To put it simplistically: "value" 

is usually associated with something good, and "cost" with something bad.  

Nature is good, so it must have value; destroying nature is bad, so this 

must be a cost.  It should be obvious that terms and ideas used in everyday 
conversation cannot be automatically applied to a formal conceptual 

framework such as ENL.  I must also note the surprisingly frequent 
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confusion between the singular "value" and the plural "values".  Of course 

the latter term refers to a set of ethical or social commitments, and has 

nothing to do with "value" in the economic sense. 
Let me now move beyond these preliminaries to consider a 

measurement standard for value and cost that is suitable for ENL's 

analytical purposes and is also consistent with its ethical foundation. 

ENL's Measurement Standard 

In order to judge economic activities, ENL requires a measurement 

standard for value.  This step is tricky because of the pervasive influence of 

standard thought, which has convinced virtually all economic thinkers that 

the only valid way to assess value is through subjective desires, and that 
these must be measured by the money people are prepared to pay.  I can 

only repeat that the role of a functional framework is distinct from that of a 

guiding framework, and that validity in one sphere has no bearing on 

validity in the other.  What follows must be judged on the basis of its 

logical consistency with ENL's economic aim and guiding role, not by 

comparing it to a different mode of economic thought. 
It is important to understand that, once a value standard is established, 

the cost standard must be its opposite or negation.  This is because a key 

task for ENL is to offset cost against value to determine the net effects of 

economic activities on human beings.  Unless the two are judged by the 

same standard - that is, unless they are commensurable - this is logically 

impossible.   Thus, if ENL were to choose energy gain as its standard of 
value, energy loss would necessarily be its standard of cost.  If it were to 

choose increased happiness as its standard of value, then decreased 

happiness would be its standard of cost.  Neither of these has in fact been 

chosen, but the examples should clarify this important principle. 

ENL's goal for an economy is sustainable well-being with respect to 

human beings.  The term "well-being" will be formally defined in chapter 
three, but for now I will use the dictionary definition: satisfactory 

conditions for existence.  "Sustainable" means that present humankind 
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protects nature so that future humankind can achieve well-being in its 

turn.  Because an analyst can choose global geographical scope, ENL's goal 

must be applicable to the world's entire population, irrespective of cultural 
or other differences.  In brief, the framework's value concept must capture 

the intuitive essence of well-being, and it must permit well-being to be 

achieved in a sustainable manner on a global scale.  In addition, because 

the framework strives to be as rigorous as its subject matter permits, the 

concept must allow for quantification and thus empirical development. 

The initial step in finding the right measurement standard is to point 
out that it cannot be subjective.  Using the strength of individual desires as 

the measure of value would contradict ENL's goals in two main ways. 

First, desire is not directly measurable, and thus cannot be used to 

ensure well-being for all people.  The strength of subjective desire can only 

be gauged by an external representative such as money.  This allows the 

rich to express their consumption desires much more effectively than the 
poor, thus focusing production on the luxuries of the few rather than the 

requirements of the many.  Adam Smith made this point more than two 

centuries ago: 

"... the effectual demand ... is different from the absolute demand.  A very poor man 
may be said in some sense to have a demand for a coach and six [horses]; he might 
like to have it; but his demand is not an effectual demand, as the commodity can 
never be brought to market in order to satisfy it." 11 

In other words, a poor person may be keen to ride in a horse-drawn 

carriage, but under capitalism this has no economic significance, and will 

not result in the production of new carriages, because he can't afford to pay 
for it.  Smith chose a contemporary luxury for his example, but the same 

point applies to essentials such as food and shelter today.  Take this 

example: 
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"... the chief ailments of the world's poor receive scant attention compared to the 
diseases of the rich.  The reason is simple: drug research, like food production, is 
geared not to human needs but to the effective demand of the market.  The poor do 
not have enough buying power to influence what gets produced." 12 

The second reason why the measurement standard cannot be subjective 

is that subjective desire does not necessarily express genuine well-being.  

Desires are incessantly manipulated by social influences such as 
advertising, media images, and peer pressures.  In fact, consumption 

desires are often nothing more than the deeply implanted urges of 

corporate marketing campaigns.  Such influences result in both the 

qualitative distortion and the quantitative expansion of our consumption 

demands. 

These observations are neither new nor radical.  For example, here is a 
well-known passage from social critic Vance Packard, writing in 1960: 

“The emerging philosophy was most fervently and bluntly stated perhaps in two 
long articles in The Journal of Retailing during the mid-fifties.  The author was 
Marketing Consultant Vince Lebow.  He made a forthright plea for ‘forced 
consumption.’  ‘Our enormously productive economy ... demands that we make 
consumption our way of life, that we convert the buying and use of goods into 
rituals, that we seek our spiritual satisfactions, our ego satisfactions, in consumption 
... We need things consumed, burned up, worn out, replaced, and discarded at an 
ever increasing rate.’" 13 

Almost half a century later, little had changed.  In 2006 the following 

appeared in the industry journal Advertising Age: 

"Some fraction of [American] spending is, of course, the result of our basic need for 
food, clothing, shelter, and transportation.  But really, how many households need 
two homes, three vehicles, and four TVs?  It's clear that a great deal ... of consumer 
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spending is driven by desire, not need.  Not many of us who work in advertising and 
marketing would have jobs if all we did was serve the basic human needs of sensible 
consumers." 14 

If ENL's standard of measurement for value and cost cannot be 

subjective, then it must be objective - that is, it must be based on the 

publicly observable state of the external world, not on the private 
experiences of the individual's internal world.  This was acknowledged 

several decades ago by ecological economist Herman Daly in a penetrating 

essay titled, “Alternative Strategies for Integrating Economics and 

Ecology.ʺ  In describing the strategy of "economic imperialism," Daly 

indicated that value should not be subjective, but should instead reflect “... 

the objective needs of human beings or other species considered as 
biological entities ... .ʺ 15 

To summarize, we are looking for an objective factor in the human 

domain that captures our general understanding of well-being, permits 

quantification, applies on a global basis, and encourages present 

humankind to protect the environment for the well-being of future 
humankind.  I submit that only one factor meets all these criteria: 

humankind's physical health. 

Physical health has an objective basis in that it relates to our externally 

observable state.  It can be quantified through strength, flexibility, freedom 

from disease and injury, and many other readily accessible attributes.  It 

puts rich and poor on the same plane and can be applied, with only minor 
adjustments, to all societies and cultures.  It restricts consumption based 

on the physical limitations of the human body.  Numerous studies have 

shown that physical health is strongly impacted by our emotional states 

and stress conditions; it therefore serves as an accurate proxy for general 

health. General health, in turn, is for most people the central aspect of 

happiness and well-being.16 
The use of physical health as the key criterion for economic success has 

been supported by at least one standard economic thinker, Irving Fisher.  

In 1906 he wrote the following: 
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"The true 'wealth of nations' is the health of its individuals.  A nation consisting of 
weak, sickly, and short-lived individuals is poor compared with a nation whose 
inhabitants are of the opposite type.  Hence it is that the devices of modern hygiene, 
sanitation, and preventive medicine, which tend to increase human working power 
and enjoying power, are of greater economic import than many of the luxurious 
and enervating devices commonly connoted by 'wealth'." 17 

Irving's comments are particularly relevant with respect to the global 

achievement of well-being.  People in the rich countries, most of whom 
have long enjoyed good hygiene and sanitation, can easily ignore the fact 

that these essentials are still absent in many poor countries, and that 

economic resources should be directed primarily to these basic 

requirements.  The health standard focuses our attention on these 

fundamental issues.  Even economist Julian Simon, a red-meat supporter 

of standard thought, finds that health is a central economic concern.  To 
his credit, he says that, "Feeling and being healthy [are] as valuable as 

anything else an economy can provide." 18 

For all the reasons cited, ENL's assessment of a final output's value is 

the degree to which it increases the physical health of human beings 

through consumption.  Conversely, its assessment of a final output's cost is 

the degree to which it decreases physical health through production.  These 
broad statements are refined in what follows.  For brevity, I will in most 

cases use "health" instead of "physical health". 

 

Developing a Health Unit 

ENL has not reached the stage where a health unit can be precisely 
defined for the purpose of empirical measurements.  However, the first 

step in this direction has been taken: a physical health index (PHI) is 

proposed in appendix B.  This index is intended to help analysts assign 

scores to the health states of individuals, and thus to quantify value and 
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cost.  Although immature, it can be used in its present state to develop a 

provisional health unit. 

The PHI measures the level of an individual's health.  However, what 
ENL requires to measure value and cost is the lived experience of health.  

This means that we must consider the level of health over a period of time.  

For example, if a foundry worker injures her leg in an industrial accident, 

her health will decrease by a certain amount.  But the worker could lose 

this functionality for a few days, a few months, or permanently.  The time 

element is thus fundamental for estimating the cost the worker incurs. 
The same is true for consumption: an increase in health from 

consuming a certain quantity of vegetables could last for minutes, hours, 

or days.  The time dimension is therefore crucial for estimating value as 

well.  This implies that the health unit must be defined in terms of both the 

change in the health level and the period of time over which this change 

persists.  These two dimensions are depicted in figure 2-2. 

 

In this simplified example the individual's initial health level increases 

due to the consumption of an output with positive value.  This causes 

health to rise for a period of time before dropping to its original level.  The 

value gained from this consumption is the shaded area at left.  At a later 
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time, the individual incurs a positive cost in production, causing a drop in 

their health level.  The damage suffered is not permanent, so the health 

level rises to its original level at a later time.  The cost that was incurred is 
the shaded area at right.  Reality is obviously more complex than this 

because such changes will typically be gradual rather than abrupt.  

Nevertheless, the principle is clear. 

In the remainder of this book the vertical axis is usually designated as 

"marginal health".  Please note that this refers not to the health level, but 

to areas such as those shown in figure 2-2, which express the combination 
of health level and time.  When the term "health unit" is used, this refers 

to an arbitrary division of such areas.  Let me now move on to ENL's 

specific concepts of value and cost. 

Potential Value 

ENL includes not one but two value concepts: potential value and 

effectual value.  Both relate to use-value, and both are derived from the 

work of John Ruskin, a 19th century social thinker who wrote several books 

on economics.  Of these books, Unto This Last (1860)19 is the best known, but 
the value concepts were formally introduced in a later work, Munera 

Pulveris: Six essays on the elements of political economy (1862).20  Ruskin 

actually referred to "intrinsic value" instead of "potential value", and the 

same was initially true for ENL.  I have now shifted to the new term.21 

Potential value, when positive, is the maximum capacity of a final 

output, over the duration of its useful existence or effects, to increase 
health.  If an output has the opposite effect - if it decreases health - its 

potential value is negative.  Based on the assumption that a consumer can 

always be found to extract the maximum health benefits from an output, 

potential value is the same at any output quantity.  Potential value is used 

in ENL to judge the quality of outputs resulting from production. 

The key word in the above definition is "capacity."  An apple, for 
example, has the capacity to increase health, but it can also be thrown 

away or allowed to spoil.  Its health benefits constitute only a potential, 
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which may or may not be realized.  The apple has to be eaten, while it is 

reasonably fresh, by someone who can assimilate its nutrients.  Only then 

will its potential health be fully transformed into actual health. 
As noted in the previous section, the time element is crucial when 

dealing with health.  A specific health increment that lasts for 20 days is 10 

times greater than the same increment that lasts for two days.  An apple, 

for instance, might increase health by ten health units for three days, while 

a house might increase health by eight health units for 50 years.  Although 

the apple has a greater short-term health effect, the house has a much 
greater long-term impact, and thus a much higher potential value. 

Recall that final outputs are objects and services that are directly 

consumed, such as food, furniture, and haircuts.  This is the only type of 

output that has potential value.  Final outputs must be distinguished from 

intermediate outputs such as raw materials, tools, and machinery.  While 

intermediate outputs are essential to most economic activities, they are not 
consumed as end products and do not contribute directly to health.  They 

therefore fall outside the definition of potential value. 

As stated, potential value is a constant quantity, and is therefore plotted 

on a graph as a straight, horizontal line.  This line can be in the positive or 

negative range, or it can be zero.  See figure 2-3. 
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Because this is the first analytical graph in the book, several points 
must be made to clarify its meaning. 

First, the two axes do not necessarily relate to the same time period.  

The horizontal axis represents the quantity of an output produced over a 

specific period of time, such as a day, month, or year.  The vertical axis 

represents the health effects of these outputs for as long as these effects 

last, which may be longer or shorter than the production period.  Assume, 
for example, that the chosen production period is a year and that the 

output is houses.  If 50 houses are produced in a year and these last for an 

average of 60 years, then the horizontal axis will show 50 houses per year, 

and the vertical axis will show the health effects of these houses over the 

60 years of their useful existence.  This approach is necessary if we are to 

compare the overall value and cost of outputs, and thus to accurately 
establish their optimum quantities. 

The second point relates to the orientation of the two axes.  

Mathematicians place the independent variable (roughly: the cause) on the 
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horizontal axis and the dependent variable (roughly: the effect) on the 

vertical axis.  In standard economics, however, the axes are often reversed.  

Especially in supply-demand curves, economists use the vertical axis for 
the independent variable (price), and the horizontal axis for the dependent 

variable (quantity/time). 

Most economists have become so accustomed to this reversal that they 

no longer notice it, and few textbooks even bother to point it out.  The 

practice in fact dates back to Alfred Marshall's Principles of Economics 

(1890).  Although Marshall was a mathematician as well as an economist, 
he switched axes when introducing supply-demand graphs to the world, 

and this has never been corrected in the Anglo-American world.  Curiously, 

French economists ignore Marshall and the rest of their profession, and 

place the axes according to standard mathematical practice.22  ENL's 

graphs, like those of the French, follow mathematical convention.  In most 

cases this means that quantity per unit of time is on the horizontal axis, 
and marginal health is on the vertical axis.  In the typical case we are 

therefore tracking changes in health resulting from changes in the rate of 

output production and consumption. 

With these initial comments out of the way, let's examine the graph 

itself.  The quantity of the output being produced, per unit of time, is on 

the horizontal axis, which is also called the X-axis.  Marginal health is on 
the vertical or Y-axis.  The letter "Q" is used in all ENL graphs to represent 

the current output quantity per unit of time. The total potential value of 

this output over the specified time period is the area under the positive 

potential health line, from quantities 0 to Q.  This is the shaded area in the 

diagram. 

Because ENL is intended to provide broad economic guidance, the 
output typically represents a general category: vegetables rather than 

carrots, gas-guzzling cars rather than a specific luxury brand.  Unless 

otherwise specified, the term "output" is used in this sense throughout the 

book.  It is also important to underscore that quantity actually represents a 

rate: quantity/time.  This is done partly for brevity and partly because it is 

consistent with the graphs used in the standard discipline. 
Although the potential value of an output is fixed at any particular time, 

it is not necessarily fixed over time.  Food provides a particularly 
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worrisome example of declining potential value.  According to US and 

Canadian government statistics, there has been a marked drop in the 

nutritional value of many foods since 1963.  The calcium content of 
tomatoes has decreased by about 60%, the vitamin C content of broccoli by 

45%, and the vitamin A content of chicken by 50%.23  Such decreases would 

be represented by the downward shift of the positive potential value line 

from one time period to another. 

Cigarettes, harmful drugs, and poisonous substances clearly have 

negative potential value and are depicted by a negative horizontal line.24  
Changes in potential value are possible here as well.  For example, e-

cigarettes are probably less destructive to health than standard cigarettes.  

To the extent that this is true, the potential value of cigarettes will increase 

(become less negative), thus shifting the potential value line upward. 

Potential value is readily understood with respect to food because food 

is ingested and assimilated - the intuitive meaning of "consumption".  
This is also true for cigarettes and drugs.  But what about an output like a 

car (automobile), which is utilized rather than ingested?  In the rich 

countries, cars are for many people a necessity of daily life.  However, there 

is no essential relationship between social necessity and potential value. 

Something is socially necessary when it is indispensable under prevailing 

conditions.  Something has positive potential value if it has the capacity to 
increase health.  Although indispensability and this capacity may be 

practically linked, they are not logically associated.  This example is worth 

pursuing to clarify the meaning of potential value. 

If we exclude a car’s various amenities and focus on the vehicle itself, 

what do we have?  An enclosed space with windows that can move when it 

is mechanically sound and supplied with fuel.  Movement can provide 
exhilaration, possibly augmenting health to a small degree, but it can also 

cause accidents, thereby decreasing health or causing death.  On the other 

hand, a non-moving, enclosed space can serve as a residence, which will, 

depending on climate, increase the occupants' health relative to living 

outdoors.  A car's potential value is the sum of factors such as those cited: 

exhilaration, accidents, and living space.  Many others could also be 
mentioned, such as the inhalation of fumes from surrounding traffic and 

the obesity resulting from inactivity while the driver is behind the wheel. 
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The issue requires formal study, but it appears likely that a car's overall 

potential value is negative.  The fact that a car nevertheless has high 

subjective use-value for many people, and thus commands a high market 
price, does not alter this conclusion.  The subjective perception arises 

largely from factors such as the long distances from home to essential 

destinations, the hassles and delays involved with public transportation, 

the privacy of a personal space, and the status associated with conspicuous 

consumption.  While these factors may satisfy subjective desire, none of 

them significantly increases health in the objective sense. 
One reviewer criticized this conclusion by citing the example of a car 

that transports a doctor to a hospital in order to perform a life-saving 

operation.  Does a car not have significant potential value when it is used in 

this manner?  The answer is no.  If the doctor lives 20 kilometers from the 

hospital and must get there quickly, a car will likely be necessary, but this 

necessity does not translate into potential value.  If it did, an economy's 
total potential value would be increased simply by moving all doctors 

further away from their associated hospitals.  We would thus fall into the 

same trap as the GDP measure used in standard economics, which absurdly 

counts all economic activities on the positive side of the ledger.  In 

instances such as this a car helps us overcome an obstacle, namely 

distance, to a health-increasing service - the operation.  However, it is only 
the operation itself that actually improves health and therefore has 

potential value.  The car is entirely a cost element.  The economy would be 

improved by reducing this cost through such measures as moving doctors 

nearer to their hospitals and by bringing hospitals closer to their patients 

through the decentralization of health services. 

It is important to recognize the principle here: whatever is necessary to 
production but does not directly increase health is a component of cost, not value.  

In a rational economy such factors will be minimized and if possible 

eliminated.  They should be tolerated only if they are indispensable under 

prevailing social and economic conditions, and if these conditions for some 

reason cannot be altered in the time available. 
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Lost Potential Value 

As mentioned above, potential value can decline if an output is in some 

way degraded over time, as with food that loses nutritional value as 

conditions change.  Potential value can also decline in the short term if 

outputs are spoiled or destroyed while they are being physically distributed 
to, or in the possession of, consumers.  These declines are called lost 
potential value.  This term captures the fact that, although an output has 

full potential value at the point of production, it can lose some or all of this 

value prior to the act of consumption. 

For an instructive example of lost potential value, consider the fact that 

in the United States approximately 1,400 calories worth of food per person 
are thrown out every day.  This constitutes about 40 percent of all the food 

produced there.  Food is wasted on this scale even though there are 

millions of American households that suffer from food insecurity, and 

there are about a billion underfed people on the globe.25  In some cases an 

output loss is just a minor leakage, but in cases such as this it is a human 

tragedy. 
The following are some of the main reasons for lost potential value, 

along with some typical examples: 

 Outputs disappear - A cargo ship founders, taking its containers of 

goods to the bottom of the ocean; a pleasure craft sinks in a lake. 

 Outputs are spoiled - Perishable goods mold during transportation 

from farms; food rots while being stored by consumers. 

 Outputs are discarded - A working television, computer, or cell phone 
is tossed out to make way for a new model; a restaurant, bakery, or 

grocery store discards unsold items. 

 Outputs are destroyed - A warehouse burns due to arson or accident; 
roads and bridges are bombed in a war; an earthquake or hurricane 

flattens houses, office buildings, and hospitals; rats eat inadequately 

protected food. 
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As in the case of declining nutritional value, lost potential value will 

cause the potential value line to shift downward, thereby decreasing the 

total potential value available for health enhancement.  This important 
topic is revisited below. 

Effectual Value 

Whereas potential value is the capacity of a final output to increase 

health, effectual value is the actual health gained from the output’s 

consumption - that is, its assimilation and use.  Effectual value is used in 

ENL to judge the distribution and consumption of final outputs.  Like 

potential value, it can initially be positive or negative.  Unlike potential 

value, it tends to decrease at the margin.  Thus, effectual value that is 
initially positive may become negative as consumption proceeds.  A typical 

effectual value curve is shown in figure 2-4. 

 

Economic activist Michael Albert displays a strong intuitive grasp of this 

concept in the following passage:  "The United States has 3 million people 
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without homes to sleep in, though it has roughly 50,000 hotels that are 

generally only about half full and are able to house 15 million people.  So, 

the United States has 3 million homeless people with 7.5 million empty 
rooms that they could, but can't, occupy." 26  Whatever the accuracy of 

Albert's figures, his example cuts to the heart of effectual value: outputs 

exist that could increase health, but under current social arrangements 

they fail to achieve this result.  It is thus clear that the distribution of 

outputs is central to the ultimate health benefits that are derived from an 

economy’s outputs. 
In the above diagram the effectual value curve begins at the same health 

level as the potential value curve.  This assumes that the output is being 

completely consumed.  Two examples are apples that are fully eaten by 

consumers and bicycles that are constantly used for transportation.  If 

these conditions do not hold - if apples are only half-eaten and then 

thrown away, or if bicycles are only sporadically used - then the effectual 
value curve will start below the potential value line.  As with lost potential 

value, this topic is discussed further below. 

An important distinction between potential and effectual value is that   

potential value is a relationship between an output and the human body - 

the output's capacity to modify the body's health.  Effectual value, on the 

other hand, is the result of an activity - consumption.  Thus an output 
possesses the attribute of potential value, but effectual value is achieved 

when an output is consumed.  Although it is tempting to treat effectual 

value as an output attribute, this should be resisted to avoid logical errors.  

Let me now turn to the factor that causes effectual value to decrease at the 

margin: satiation. 

Satiation 

Satiation is the decrease in an output's beneficial health effects as 

greater quantities are consumed within a specific period of time.  Assume, 
for example, that you drink numerous glasses of tomato juice over the 

course of an hour.  It is likely that each of the first few glasses will increase 
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your health by roughly the same amount.  However, after this point the 

beneficial health effects of each glass will probably start to diminish.  

Eventually these effects will become zero, and if you continue quaffing 
tomato juice your health could well suffer.  The same is true for any output 

that is ingested and assimilated by the human body.  Figure 2-5 depicts the 

effect, although this curve remains in positive territory. 

 

Satiation is the result of the human body's inherent limits in absorbing 

positive health effects through consumption, as well as its tendency to be 

damaged if consumption is excessive.27  The point where satiation begins 

and health damage occurs will vary with the output and the consumer, but 

the effect itself is biologically inevitable and places a universal limit on our 
capacity for health-increasing consumption. 

The fact that satiation is rooted in the human body’s consumption 

capacity implies that, as the number of human bodies increases, total 

consumption capacity will rise, and therefore total effectual value will rise 

as well.  Thus, when we are dealing with aggregate effects, it is necessary 

to specify the population to which an effectual value curve applies.  What 
would happen if the population doubles in figure 2-5?  There would be 

twice as much consumption capacity, and satiation would not start until 
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twice the quantity Q 1.  As well, the effectual value curve would decline 

more gradually than before.  If on the other hand the population were 

decreased by 50%, only half the consumption capacity would remain.  
Satiation would begin at half the quantity Q 1, and the effectual value curve 

would decline more rapidly. 

ENL's treatment of satiation differs significantly from the non-satiation 

assumption of standard economics.  Although the standard discipline 

acknowledges that a consumer can be satiated with respect to a specific 

output based on declining subjective desire, it insists that satiation is 
impossible with respect to outputs as a whole.  This position is in fact the 

starting point for standard thought.  In the words of one text: "The 

problems of economics arise out of the use of scarce resources to satisfy 

unlimited human wants." 28  Heterodox economist Joan Robinson noted 

tersely that this assumption is transparently tied to business needs: 

"Satiation of material wants is bad for profits." 29 
ENL categorically rejects the standard position and accepts satiation 

with respect to both specific outputs and to all outputs collectively.  Desires 

may be infinite - or can be manipulated to appear so - but health is strictly 

circumscribed by the physical constitution of our bodies, and satiation is 

thus unavoidable whenever an output is ingested. 

Maldistribution of Final Outputs 

Satiation will cause effectual value to decline on its own, but this decline 

can be sharply accentuated through output maldistribution. The reader will 
recall that distribution is the assignment of outputs to the individuals who 

will consume them.  This is a social act that should not be confused with 

the physical act of transporting outputs to consumers’ locations.  

Distribution should also be kept logically separate from allocation, which is 

the social act of assigning inputs to the production of intermediate and 

final outputs. 
An output is perfectly distributed when each unit is received by the person 

who can convert its potential value into the highest possible effectual 
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value.  Any distribution that fails to satisfy this criterion is called 

maldistribution.  Figure 2-6 shows the effect of maldistribution on 

effectual value. 

 

The effectual curve labeled EVp depicts the results of perfect 

distribution.  The curve declines at a relatively gradual pace because each 
output unit is going to the consumer who can extract the greatest health 

from i,.  Satiation is thus the only negative force at play.  Now look at the 

lower curve labeled EVm, which depicts the results of maldistribution. 

Maldistribution means that outputs are not being consumed by those 

who can extract the maximum effectual value from them, thus decreasing 

overall consumption capacity and thus aggregate effectual value.  An 

example will help clarify this.  Assume that consumers are divided into 

three income grades: poor, middle, and rich.  The EVp curve reflects the 

consumption of an output by all three income grades equally.  Now imagine 

that the output is no longer distributed to the poor.  The effect of this 

change will be to reduce the consumption capacity for this output: although 

the poor could be converting potential value into effectual value, they have 

been deprived of the chance to do so.  Even if the outputs are fully 

consumed by those in the middle and rich income grades, their capacity to 
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create effectual value has been reduced by their prior consumption - that 

is, by their current level of satiation. 

Note that this is the same effect that was mentioned in the previous 
section with respect to a population decrease.  Thus, both a decrease in 

population and an increase in maldistribution will reduce overall 

consumption capacity.  Maldistribution therefore shifts the initial satiation 

point to the left and causes the effectual value curve to decline more 

steeply than before.  Briefly stated, maldistribution can severely reduce an 

output’s aggregate health benefits. 

Health Losses 

This section elaborates on the health losses introduced above and adds a 
new possibility: incomplete consumption.  See figure 2-7. 

 

The first possible health loss is lost potential value.  This is the 

difference between the initial potential value resulting from production 

and the final potential value at the point of consumption.  Lost potential 
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value will occur when outputs are destroyed during transportation, 

degraded during warehouse storage, spoiled while in stores or in 

consumers' fridges, etc. 
The second possible health loss is incomplete consumption.  This is the 

failure to fully consume an output, thereby converting only part of its 

potential value into effectual value.  As shown in the above graph, 

incomplete consumption means that the effectual value curve starts below 

the final potential value line.  This is the result when a food item is partly 

eaten and then discarded, or when a durable output is infrequently used. 
The last possible health loss is satiation.  As previously discussed, this 

causes effectual value to decline at the margin as more is consumed based 

on the human body's limited capacity for health-increasing consumption. 

Both satiation and incomplete consumption are exacerbated by 

maldistribution. 

These three possible health losses indicate that the maximum health is 
extracted from a produced output only if there is no lost potential value 

while it is transferred to the point of consumption, if it is completely 

consumed by the consumer, and if no satiation occurs as more of the 

output is consumed. 

Figure 2-7 shows the general case, but consumption frequently refers to 

the utilization of durable outputs like shoes and houses.  In such cases 
satiation rarely arises and lost potential value is generally minimal because 

spoilage and degradation are unlikely.  These two examples are depicted in 

figure 2-8. 
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To minimize clutter I have omitted the labels for initial and final 
potential value - the dashed and solid lines at top.  In the example at left, 

100 pairs of shoes have been distributed to each consumer.  Because a 

consumer can wear only one pair of shoes at a time, 99 pairs will always go 

unused.  This is incomplete consumption at the 1% level, and the reason 

why the effectual value line is so low.  If each customer owned 50 pairs of 

shows, incomplete consumption would be 2%, causing the effectual value 
line to rise.  Finally, if each customer owned only a single pair of shoes 

then consumption would be complete and effectual value would equal final 

potential value. 

The second example at right is for fully-occupied houses.  This is 

analogous to the one-pair-per-consumer example above, which means 

that all available effectual value is being extracted during consumption.  
Consumption is therefore complete, which means that the effectual value 

line is congruent with the final potential value line. 
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PV and EV Efficiencies 

The possibility of health losses in the economic process means that an 

ENL-guided economy should make strenuous efforts to minimize them in 

order to maximize the eventual health benefits.  To facilitate this, the 

framework defines efficiencies for potential value and effectual value.  For 
brevity, the terms used are PV efficiency and EV efficiency.  Because these 

are the first efficiency measures to be introduced in this book, a few 

preliminary comments are in order. 

The dictionary defines "efficiency" as, "the ratio of the useful work 

performed by a machine or in a process to the total energy expended or 

heat taken in".  In ENL the term is more broadly construed as the ratio 
between a desired result and the resources required to produce it. 

In standard economics the term is used in several ways.  It can refer to 

technological efficiency, which is the output quantity that can be produced 

with a given set of inputs.  It can also mean economic efficiency, which is 

the value - in the standard, subjective sense - that can be produced with a 

given set of inputs.  Finally, the term can refer to allocative efficiency, 
which is synonymous with Pareto optimality.  This refers to the allocation 

of inputs that maximizes a society's desired outputs. 

These efficiency definitions are avoided in ENL because they ignore the 

health factor and thus conflict with the framework’s goal of sustainable 

well-being.  However, ENL is strongly committed to the underlying idea 

that an economic task should be performed in the least wasteful manner 
possible.  The framework therefore includes four efficiency measures, 

including the two defined in this section.  A third efficiency relating to 

production is introduced in chapter 3, and a fourth relating to natural flows 

is introduced in chapter 5. 

PV efficiency measures the economy's success in minimizing lost 

potential value.  It is a ratio: final potential value divided by initial potential 
value.  In symbolic form: 

E pv ≡ PVf/PVi 
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In figures 2-7 and 2-8, PV efficiency is indicated by the proximity of the 

final potential value line to initial potential value line.  In figure 2-7 this 

efficiency is relatively low, and in figure 2-8 it is relatively high in both 
cases. 

EV efficiency measures the economy's success in converting final 

potential value into effectual value.  It is also a ratio: effectual value divided 

by final potential value.  In symbolic form: 

E ev ≡ EV/PVf 

This ratio accounts for the two possible health losses associated with 

the act of consumption: incomplete consumption and satiation.  Because 
both of these are exacerbated by maldistribution, this factor is implicitly 

included as well.  In figure 2-8, EV efficiency is low for the shoes example 

at left, and high for the house example at right. 

These efficiency measures are included in ENL for two reasons.  First, 

they permit the analyst to quantify the health contributions of an 

identifiable set of economic operations, which could help in isolating a 
problem area.  The second reason is to counter the ideological impact of the 

standard concepts.  This is particularly true for allocative efficiency or 

Pareto optimality, which forbids redistribution among individuals even if 

this would increase a society's aggregate well-being.  Such destructive 

notions cannot be permitted to skew analytical thought, and ENL thus 
provides constructive alternatives. 

Crowding 

While satiation is common in the rich countries and among elites 

everywhere, the poor often suffer from the opposite problem: instead of too 

many outputs per person, there are too many persons per output. Because 

this commonly occurs with respect to housing and transportation, the term 

used in ENL to describe this economic phenomenon is crowding.  The 
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concept is understood most readily in relation to housing, so I will use this 

as my example. 

According to author Paul Harrison, in 1979 many residents of Calcutta 
had only eight square feet of housing space per person, while in a Karachi 

slum 40% of the dwellings had more than six people per room.30  By way of 

comparison, the British average at the time was 0.6 people per room. What 

happens to the effectual value of housing when such crowding occurs? 

As noted, crowding is the converse of satiation. The concept that links 

them is consumption capacity - the ability of consumers to convert 
potential value into effectual value. In satiation, consumption capacity is 

too low, which means that some potential value cannot be converted into 

effectual value and is therefore wasted. In crowding the opposite is true: 

consumption capacity is too high.  All available potential value will thus be 

readily converted into effectual value, but there is insufficient potential 

value to go around.  As well, the physical conditions associated with 
crowding may give rise to disease, violence, and other dangers, all of which 

will cause effectual value to decrease further. 

The overall impact of crowding on effectual value is depicted in figure 

2-9, where the horizontal axis represents consumers per output and the 

vertical axis represents total (not marginal) health. 
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To facilitate the explanation of this graph, imagine a house that can 

accommodate three people without diminishing health effects.  Point C1 

represents one person, who achieves health level H1 as the house’s sole 

occupant.  Because this person's consumption capacity for housing is 

limited, he or she cannot extract all the potential value the house is capable 

of providing.  This is indicated by the fact that H1 is well below the 
potential value line, which also means that the house's EV efficiency is 

extremely low. 

As the number of residents rises to three at point C2, each of the two 

newcomers gains the same health as the first resident because there are 

enough rooms for all and thus no physical crowding. Total health therefore 

increases linearly, as does consumption efficiency. After the third resident 
moves in, however, crowding starts to take effect.  Rooms will have to be 

shared, sanitary issues may arise, and perhaps violence will become more 

common as people compete for space and privileges. 

However, despite the fact that the individual effectual health of existing 

residents will drop, total effectual value will continue to rise.  This is 

because the health gained by the new resident, who we assume previously 
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faced the elements outdoors, will exceed the cumulative losses of the 

current residents.  At point C* these effects are equal and total health has 

reached its maximum. After this point, the residents' negative health 
effects predominate and overall effectual value declines.  As crowding 

becomes increasingly severe, effectual value may decrease to zero, as 

indicated by point C3.  If crowding increases still further, the health effect 

of occupying the house will become negative, implying that it would be 

better for people to suffer the elements outside than to endure the squalor 

inside.  They may not wish to do so for personal or social reasons, but 
health will clearly suffer if such extreme crowding is permitted. 

The obvious solution to crowding is to increase the number of outputs, 

thus reducing the ratio of consumers to outputs.  This is one of the main 

reasons why consumption must in many cases increase in the poor 

countries.  We tend to focus on food and water for obvious reasons, but the 

consequences of overcrowded shelters must also be taken into account. 
An interesting point about crowding is that it creates conflicting 

interests between the individual and the group.  From the individual 

perspective the number of consumers should not exceed the point where 

individual effectual value starts to decline. From the social perspective, 

however, the number of consumers should continue to rise until aggregate 

effectual value has been maximized. In the example shown, the individual 
optimum is three residents (point C2), but the social optimum is 

approximately five residents (point C*).  The social and political 

implications of such inherent conflicts are wide-ranging, but they are 

beyond ENL's scope and will not be discussed further here. 

Because crowding is relevant to production as well as consumption, we 

will encounter it again in the next chapter. 

Deaths from Consumption 

Human deaths resulting from consumption constitute a unique 
category, requiring special treatment.  The issue is not that such deaths 

raise ethical concerns, because this is true for health damage as well.  The 
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real issue here is how to estimate the purely economic losses associated 

with consumption-related deaths. 

Fortunately, this type of problem has been addressed by various 
governments and global organizations.  For example, the provincial 

government of British Columbia, Canada publishes statistics on the 

"potential years of life lost'' (PYLL) from different types of accidents, 

diseases, etc.  This measure gives added weight to causes of death that 

afflict younger people.  For example, the PYLL measure is higher for car 

accident deaths than for prostate cancer deaths in part because teenagers 
tend to die in cars, whereas older men tend to die of prostate cancer.  In 

this sense, a death in the average fatal car accident is "worse" than the 

average prostate cancer death. 

This health-loss approach has been adopted by ENL.  If a 50-year-old 

dies from a drug overdose, and if this person was expected to live to age 75, 

then the health that would have been gained by this person over those 25 
years is negated.  This is referred to in ENL as lost potential health.   Such 

losses constitute a decrease in the output's potential value.  For a 

dangerous drug, the overdose deaths it causes would contribute to its 

negative potential value.  The same is true for cigarettes. Some of the 

negative potential value of this output is due to the severe health 

degradation caused by smoking.  For the most part, however, it is due to 
the stunning mortality, and thus the massive lost potential health, 

associated with this addiction. 

Some outputs are not inherently deadly, but still cause deaths from time 

to time.  Examples include meat (choking), baby cribs (suffocation), 

parachutes, and diving gear.  For such outputs, the deaths that occasionally 

result from their utilization will cause their potential value to modestly 
decline. 

Needs And Wants 

ENL's value concepts are based on physical health, but there is clearly 

more to well-being than this.  Some consumption is desired not because it 
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maintains our bodies, but because it is enjoyable.  As will be seen in future 

chapters, both health and enjoyment are valid criteria when making 

production decisions, and ENL thus requires terms to analyze both. 
For this reason, a need is defined as a consumption desire that increases 

health when it is satisfied, whereas a want is a consumption desire that 

does not increase health when it is satisfied.   In purely positive terms, the 

satisfaction of a need provides life maintenance, whereas the satisfaction of 

a want provides life enjoyment. 

The problem with wants is that they are potentially infinite, which 
means that their full satisfaction would inevitably lead to environmental 

damage.  For this reason a further distinction is required. An authorized 
want is one that society has decided to satisfy, whereas an unauthorized 
want is one that society has declined to satisfy.  In chapter five, after 

environmental constraints have been considered, I will discuss the factors 

that bear on these decisions.  Figure 2-10 illustrates the above terminology. 

 

Note that needs and wants are references to consumption desires, not to 

the outputs that satisfy those desires.  This distinction is most obvious 

when an output that is ingested, such as food or drink, increases health at 
low quantities but decreases it at higher quantities.  At low quantities an 
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output like this satisfies a need, but when its effectual value drops below 

zero its consumption no longer increases health, and it therefore satisfies a 

want instead. 
Standard economics, which reflects the realities of capitalism, refuses to 

make the above distinctions.  The discipline acknowledges consumption 

desires through the equivalent concepts of subjective value and utility, but 

it does not split these desires into needs and wants.  It therefore ignores 

the fact that some desires have an objective, physical basis, while others do 

not.  As well, because the standard discipline does not recognize wants in 
the ENL sense, it does not recognize the split into authorized and 

unauthorized wants.  These are among the core reasons why standard 

thought cannot rationally guide an economy under current environmental 

conditions. 
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CHAPTER 3  
PRODUCTION AND COST 

n this chapter we move from consumption and its associated value 

concepts to production and its associated cost concepts.  Remember 

that value and cost are intimately related: ENL's estimate of an 

output's value is the degree to which it increases human health through 

consumption, whereas its estimate of an output's cost is the degree to 

which it decreases human health through production.  Without this 
converse relationship, value and cost would be incommensurable, and a 

coherent economic framework would be impossible. 

As with value in chapter two, I offer a condensed history of cost to give 

the reader some perspective on this crucial concept. 

Allocation and Production 

Figure 3-1 repeats the first figure in chapter two, but this time 

highlighting the initial stages of the economic process: allocation and 
production. 

I 
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Allocation, you will recall, refers to the decisions that determine which 

inputs will be used to produce which outputs.  Allocation thus precedes 

production in time.  Prior to the start of any production activity, economic 

decision-makers must specify the ends to which workers, natural 

resources, buildings, land, machines, and so forth will be employed.  One of 

the most significant differences among economies is which economic 
actors make these decisions, and what criteria they use in making them. 

Because ENL’s criterion for economic success is sustainable well-being, 

allocation must serve this end.  Ignoring wants for now, this means that 

those who make allocation choices must be aware of the prospective health 

consequences of their decisions.  They must therefore consider effectual 

value, which implies that their vision must extend beyond production to 
distribution and consumption.  Although the above diagram focuses on the 

role of allocation in linking inputs with outputs, it must be remembered 

that this implies a deep understanding of the entire economic process.  

Allocation is not only the most crucial economic activity because of its 

broad consequences, it also makes the heaviest demands on our 
information sources, our intellects, and our ethical sensibilities. 

The scope of production, by contrast, is much narrower.  Since 

allocation decisions have already been made, producers know which 

outputs should be produced, and at what quantities.  The challenge at this 

stage is to produce these outputs at the highest possible quality and 
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quantity, and with the least possible damage to workers, the population as 

a whole, and the environment.  The concepts introduced in this chapter are 

intended to help a society successfully meet these allocation and 
production challenges. 

A Brief History of Cost 

Compared to value, cost has had a much quieter ideological history, at 

least on the surface.  Smith defined it as the amount of money a capitalist 

must pay out to produce a commodity.31  Marx had very little to say on the 

subject, although his interpretation was similar to Smith's - cost is the 

capitalist's total outlay in production.32  However, a very different 

interpretation of cost was occasionally expressed by economic thinkers.  
Marx used the terms "real cost" and "social cost" when he discussed the 

pain, toil, disease, and pollution experienced by workers and society at 

large, although he did not formalize this notion.  Alfred Marshall similarly 

referred to the pain or disutility of work as a cost. 

The troublesome contradiction between these two interpretations of 

cost was resolved for standard thinkers with the concept of opportunity cost, 
which is usually defined as the value of the best forgone alternative action.  

In the context of production, opportunity cost means the following: if a set 

of inputs is used to produce commodity A when it could have been used to 

produce best alternative commodity B, then the opportunity cost of 

producing A is the value of B.  In other words, opportunity cost measures 

the relative merits of allocating inputs to various production possibilities 
through the alternative benefits that are expected to result. 

Note carefully what is happening here: opportunity cost avoids the 

outlay-pain confusion by dissociating cost from the production process and 

attaching it to alternative consumption benefits.  In the words of Frank 

Knight, a pioneering standard economist: 
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"If costs are stated in terms of alternative commodities and all reference either to 
'sacrifice' or 'outlays' simply omitted, we retain the scientific content of cost of 
production theory while side-tracking the sources of a century and a half of 
controversy." 33 

In standard economics today, two concepts of cost are generally 

recognized.  The first is opportunity cost, which reigns supreme as a broad 

explanatory principle.  The second is "accounting cost."  This is the 
"outlay" idea noted above, and is normally used when the nitty-gritty of 

market behavior is discussed.  One economics text I own includes both 

terms in its glossary, but uses "cost" by itself to mean accounting cost.  

The definition provided is, "Total payment made by a firm for the services 

of factors of production." 34 

It is worth nothing that, of the three cost concepts that have arisen in 
the history of standard thought, opportunity cost and outlay survive, but 

pain is gone.  That is, the two concepts that pertain to capitalist sacrifices 

are still with us, but the concept that pertains to worker and social 

sacrifices has been abandoned.  The disappearance of the latter 

interpretation is possibly an embarrassment to the standard discipline, 

because it is kept extremely well hidden.  It was never mentioned in the 
numerous economics lectures I attended at university, and the following 

statement is the only one I have ever encountered in the standard literature 

that reveals the true situation: 

"We caution that 'labor, toil, trouble, and pain' are not what is meant by costs.  
'Bads' associated with an action are not its costs; they are part of the act." 35 

While the conservative authors of this text deserve credit for their 

candor, they fail to reveal the history, logic, and ethics behind their 

assertion. 
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Opportunity Cost:  The Great Deception 

Opportunity cost is singled out for more extensive treatment here 

because of its far-reaching human and ecological significance, and because 

it appears to have an intoxicating effect on thinkers, both inside and 

outside the economics profession. 
An example of someone outside the field who fits this profile is the 

progressive scholar for whom I did book research at university.  When 

opportunity cost came up in one of our discussions he nearly swooned at 

the concept's subtlety and incisiveness.  Although he was deeply suspicious 

of standard economics as a whole, he was convinced that at least this idea 

was solid, and that it was therefore the indispensable foundation for a new 
mode of economic thought.  Among specialists in the field the situation is, 

if anything, more extreme: the ideological origins of opportunity cost are 

completely ignored and the concept is considered utterly inviolable. 

The truth about opportunity cost should be evident from the above 

historical sketch: it is not cost.  As stated, it is a forgone consumption 

benefit arising from allocation, not a loss incurred in production.  It is what 
we could have gained, not what we did in fact lose.  As will be explained 

further below, a forgone benefit and an actual loss are both sacrifices, but 

in entirely different senses that must be kept strictly separate. 

Since opportunity cost became the predominant cost concept in the 

early 20th century, most economists have bypassed "true cost" - the 

damage to people and nature in production - and have focused their 
attention on a related but different subject - allocation.  Despite its lavish 

press, opportunity cost is a cheap bit of conceptual legerdemain that has 

been astonishingly successful in diverting attention away from the injuries, 

deaths, and ecological destruction that accompany many production 

activities. 

The success of the opportunity cost concept cries out for an explanation, 
so let me provide one.  The concept is usually introduced to students as 

follows:  Assume you have a free hour in your busy day at school, and 

you're deciding how to spend it.  Your two best options are to study in the 

library and to attend a documentary film in the theater.  If you choose to 

study, you forgo the film.  Watching the film is therefore the opportunity 
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cost of studying.  Conversely, if you attend the film, you forgo the study 

option.  Studying is therefore the opportunity cost of attending the film.  

Another version of this lesson is to focus on money rather than time.  You 
have ten dollars to spend.  Your best options are ... and so forth. 

Most economics students nod their heads vigorously at stories like these 

because they make perfect sense.  Students have understood for years that 

choices must be made with respect to time and money, and that making 

such choices entails the sacrifice of alternative possibilities.  Now they are 

informed that their intuitive understanding is formally recognized, has an 
impressive technical name, and is a linchpin in the subject they’re 

studying.  For those who continue in economics this revelatory experience 

is often the first step in a lifelong commitment to opportunity cost as the 

field's most fundamental and unchallengeable tenet. 

Note what such stories achieve.  First, they equate the world of personal 

experience with the economic world of allocation and production, although 
there is little similarity between the two.  Second, they apply the word 

"cost" to a forgone alternative - a crucial but highly misleading 

association.  And third, they establish the idea that all resources are 

essentially the same as time and money - that is, they are capable only of 

being spent.  These subtle falsehoods, along with the true nature of cost, 

can be explained more fully with reference to figure 3-2. 
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At left are four types of "resources" 36 used in production, divided into 

two categories. In the first category are time and money, which are non-

material in nature and therefore not subject to wear and tear in production.  
They can be spent, but not damaged or degraded, and can thus be called 

non-degradable resources.  In the second category are people and nature.  

Even if ethical issues are ignored, these are fundamentally different from 

time and money in that they are material, and thus subject to wear and tear 

in production.  Like non-degradable resources they can be "spent", but 

they can also be damaged or destroyed.  They can thus be called degradable 
resources.  The distinction between these two types of resources is critical to 

the protection of humankind and the environment, but it is one that 

standard economics categorically refuses to make.  This refusal is at the 

heart of the massive deception known as opportunity cost. 

When a non-degradable resource is allocated to alternative A rather 

than B, the only sacrifice incurred is the benefit associated with the 
consumption of alternative output B.  The diagram thus shows that they 

entail only opportunity cost.  On the other hand, when a degradable 

resource is allocated to alternative A rather than B, two distinct sacrifices are 

made.  The first is the benefit associated with B, as before.  In addition, 

however, we must count the concrete results of the production process: the 

damage to people, such as injuries, diseases, and deaths, and the 
degradation of nature, such as habitat destruction and pollution.  In the 

diagram, these negative effects are indicated by the downward-pointing 

arrow.  As the diagram indicates, these two cases entail both opportunity 

cost and "real cost". 

It should be carefully noted that ENL does not reject opportunity cost.  

However, the framework recognizes the concept’s limitations and refuses 
to apply it beyond these boundaries.  As has already been emphasized, ENL 

acknowledges that allocation is a critical economic task.  It therefore 

accepts opportunity cost as a valid concept with respect to allocation, and 

incorporates it as such into the theory - albeit under a name that expunges 

the deceptive word "cost".  But in addition to this, ENL recognizes "real 

cost" as the damage to degradable resources.  These two sacrifices are 
discussed later in this chapter. 
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What is particularly bizarre is that, although opportunity cost is at the 

core of their discipline, standard economists appear to have spent very 

little time thinking about the concept.  According to Cornell economist 
Robert Frank, "Virtually all economists consider opportunity cost a central 

concept.  Yet a recent study by Paul J. Ferraro and Laura O. Taylor of 

Georgia State University suggests that most professional economists may 

not really understand it." 37  In the study cited, 200 economists were asked 

to specify the opportunity cost involved in choosing between a free Eric 

Clapton concert and a $40 Bob Dylan concert.  The correct answer was 
chosen by 22% of these scholars - worse than would be expected from a 

random pick. 

A final word on this topic: Those wishing to cling to opportunity cost as 

the sole economic sacrifice, and thus as a comprehensive conception of 

cost, may propose that we extend its meaning so that it applies to the 

damage discussed above.  For example, we could speak about allocating 
worker injuries to this project or that, thereby making human damage 

amenable to opportunity cost calculations.  This, however, is just another 

way of conflating allocation and production.  Allocation refers to the 

assignment of resources to production alternatives, not to the assignment of 

the damage those resources may incur in the chosen production activity.  

There is no escaping the fact that two discrete sacrifices exist on the 
allocation-production axis, and that two separate concepts are required to 

address them. 

Defining Production 

Before ENL’s concepts of allocation and production sacrifices are 

discussed, the term “production" must be clearly defined. 

Production is the conversion of selected inputs into an output, which 

can be either a material object like a cup, desk, or barrel of oil, or a 

consumed service such as medical care or bartending.  Inputs are resources 
such as human labor and natural materials, assets such as machines and 
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buildings, and productive services such as those used in accounting and 

financial management. 

Production typically occurs at all stages of the output life cycle.  For 
example, a final output is produced from inputs, but most inputs must 

themselves be produced as intermediate outputs.  Once a final output has 

been produced, outputs are often required in its consumption.  An airplane, 

for instance, needs fuel, and this fuel must be produced.  The airplane must 

also be maintained, which requires spare parts.  These parts must be 

produced as well, and the maintenance service itself counts as production.  
Production is also involved in an output's disposal stage - when the plane 

is disassembled for parts or possibly scrapped. 

A contentious issue is whether caring for dependent human beings 

should be counted as production.  If you feed your own child, are you 

producing something?  If not, is it production when you feed an elderly 

resident as part of your job at a nursing home?  As in all social matters, 
gray areas exist and mature judgments must be made.  The appropriate 

question to ask when making such judgments is this: Is it reasonable and 

ethical to apply economic criteria to the activity in question? 

When a parent feeds a baby, neither the child nor the feeding process is 

normally treated as an output.  As well, parents don’t optimize their 

feeding activities by estimating when the marginal cost of their efforts 
exceeds the marginal benefit of the baby’s sustenance.  The driving force in 

feeding a child is parental love, not benefit and cost.  Clearly, then, feeding 

a baby is not an economic activity - specifically, it is not production. To a 

lesser degree, the same comments apply to cooking meals and otherwise 

caring for a family’s non-dependent members. 

The nursing home case is dramatically different.  Under current social 
arrangements most nursing homes are profit-oriented enterprises, and the 

attendants are wage-earning employees.  Although the employees may 

show considerable compassion to those in their care, the predominant 

relationship between them is commercial.  The cost-benefit criterion can 

thus be applied, and the feeding of a resident can reasonably be construed 

as the production of a feeding process. 
The related issue of housework is much simpler.  Housework is the 

maintenance of an output such as a house or apartment, and is 



 CHAPTER 3 – PRODUCTION AND COST 

THE ECONOMICS OF NEEDS AND LIMITS 62 

unambiguously seen as production from the ENL perspective.  Although 

rarely done, it would be perfectly reasonable to compare the marginal gains 

and losses incurred when cleaning a residence, and to stop dusting and 
scrubbing when these are judged to be equal. 

The conceptual position taken here should not be confused with the 

political position adopted by those who demand financial compensation for 

“unpaid labor.”  Economist Marilyn Waring summarizes this stance as 

follows in her book, If Women Counted: 

“I am talking about attributing a monetary valuation to unpaid work, productive 
and reproductive.  This process, called imputation, would make this work visible, 
influencing policies and concepts, and questioning values.” 38 

Waring’s primary aim here is not to develop an economic framework 

that will take us beyond capitalist logic, but to apply political, moral, and 

intellectual pressure so as to improve the lot of women within the 

prevailing order.  Her aim is commendable, but it is fundamentally 
different from ENL’s conceptual purpose. 

Forgone Health and Input Cost 

What is sacrificed in the allocation of inputs to a specific output is the 

possibility of using these inputs in other production to gain alternative 

benefits.  This is the sacrifice that standard economics calls opportunity 

cost.  For inputs that are immediately used up in production, such as fuels, 

this statement is true as it stands.  For inputs that are not immediately 

used up, such as workers, tools, buildings, or recyclable raw materials, the 
statement refers to concurrent production activities.  It is impossible to use 

a specific set of workers to build a bridge and a dam simultaneously, but 

the workers could build both structures at different times. 
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Although the allocation sacrifice refers to a potential rather than an 

actual loss, it is nevertheless highly significant for an economic framework 

such as ENL.  If inputs are misallocated, resulting in fewer benefits than 
could have been achieved from alternative production, human lives can be 

lost or severely degraded.  This means that the concept of opportunity cost, 

in this limited application, accurately reflects the sacrifice made in 

allocation.  ENL refers to this sacrifice as forgone health.  As explained 

earlier, the word "cost" is avoided in this context because ENL does not 

recognize an allocation sacrifice as a true cost. 
Although forgone health is very similar to opportunity cost, it will be 

useful to explain the concept again, this time using ENL terms exclusively.  

Assume that a set of inputs can be employed to produce one of three 

outputs: A, B, and C.  Based on analysis and experience, it is estimated that 

the eventual health gains from these outputs will be 20 units, 15 units, and 

10 units respectively.  In this situation, if we choose to produce B, the best 
alternative is A, which results in 20 units of sacrificed health.  The same is 

true if we choose C.  If we choose A, however, the best alternative is B, 

resulting in 15 units of sacrificed health.  Choosing A thus minimizes 

forgone health, which is ENL's aim for rational allocation. 

The second sacrifice relates to the health impact on human beings from 

production, and in this context the term "cost" fully applies.  The death of 
a worker is a cost.  So is a worker's disability through injury or disease.  

Less obviously, the impact on human health from the emission of 

production wastes into the environment is a cost.  In general, any direct or 

indirect health damage to humankind resulting from production is a cost 

that must be set against the health benefits achieved from consuming the 

associated final outputs. 
This second type of sacrifice, informally called "real cost" above, is 

called input cost in ENL.  Like potential and effectual value, input cost is 

objective, not subjective.  It has two components, reflecting the direct and 

indirect effects of production on health.  The direct effects are mostly 

experienced by workers engaged in the production process. Such effects 

include excessive fatigue, debilitating stress, injuries, diseases, and deaths.  
These are referred to collectively as labor cost.  The indirect effects, 

through the environmental changes resulting from production, are 
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experienced by both workers and the population at large.  These are 

referred to collectively as natural cost.  Just as potential and effectual value 

apply to the duration of a final output's useful existence, input cost applies 
to the duration of these health effects.  For example, if a worker contracts 

an occupational disease in a factory, the input cost involved depends on the 

health loss for the entire disease period, not just the period during which 

production takes place. 

ENL expresses no views on the question of who makes allocation 

decisions.  This could be done by individuals, groups, communities, 
corporations, states, or governments.  While this is an extremely important 

issue, it is primarily political rather than economic and therefore beyond 

the framework’s analytical scope.  Let me now discuss labor cost and 

natural cost in detail, and consider some related concepts. 

Labor Cost 

Labor is the human input to production.  It includes all activities, such 

as transportation to and from the work site, that are immediately necessary 

for workers to engage in a production process.  However, it excludes 
education, training, and other preparatory activities that are not part of the 

production process per se. 

The two determining factors in labor cost are labor quality and quantity.  

Labor quality refers to such factors as the intensity of work, the presence of 

hazardous materials and dangerous machinery, and stressful relationships. 

It also refers to work that is conducted at night.  In 2007 the International 
Agency for Research on Cancer ruled that overnight shifts probably 

increase the risk of developing cancer.  The Danish government has 

compensated women who developed breast cancer after working night 

shifts for a long period.39  Some night work - police, medical staff, etc. - is 

necessary for most societies, but this necessity should not obscure the fact 

that these activities incur a relatively high labor cost. 
High labor quality is characterized by conditions such as a clean 

working environment, tolerable noise levels, and manageable stress.  
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Particularly important is labor intensity. When this is low or moderate, 

workers can avoid exhaustion, take frequent breaks, and have the time to 

observe safety standards, thereby minimizing injuries.  For those doing 
work that requires fine motor skills - factory assembly, sewing, typing, etc. 

- eyestrain and repetitive strain injuries may not have a chance to develop.  

For those in stressful personal situations, frequent breaks may provide 

opportunities to relax and vent. 

Labor quantity simply refers to the hours of labor.  This is represented 

indirectly on most ENL graphs by the output quantity produced over a unit 
of time, on the assumption that labor productivity is constant.  For 

example, if it takes eight hours for a group of workers to produce 100 units 

of an output, then 75 units will be produced in six hours, 50 units in four 

hours, etc.  Higher production quantities are therefore associated with 

higher labor quantity, which for a constant number of workers means a 

longer work-day.  The assumption of constant labor productivity will be 
removed in chapter seven, which closely examines this important topic. 

Labor cost tends to rise with increased labor quantity for two reasons.  

The first is that the negative aspects of labor quality - stress, exhaustion, 

noise, toxins, etc. - increasingly damage workers as the work-day becomes 

longer.  Such effects frequently accumulate in the body, much like 

environmental contaminants accumulate in nature.  The risk of threshold 
effects is also present.  A human being who is pushed to the limit of stress 

or noise can suffer a collapse that is analogous to the collapse of 

ecosystems at their tipping points.  As well, injuries will likely escalate 

among time-harried workers.  This is rarely acknowledged by standard 

economists, although Richard Lipsey and his co-authors once provided a 

commendable exception.  Writing in the early 1980s, before 
neoconservatism had shifted their discipline decisively to the right, they 

stated candidly that, "Growth in productivity has often been accompanied 

by increased pollution and more industrial accidents." 40 

The second reason why labor cost increases with labor quantity is that 

more hours at work means fewer hours available for other life activities, 

such as leisure and sleep.  Human beings need adequate leisure time to 
recover from intense work activities, and like other organisms they require 

adequate sleep to keep their bodies fully operational.41  For many people, 
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especially the working poor, the most destructive aspect of work is often 

not the labor itself, but the excessive number of hours they spend getting 

to their jobs, working, and then getting back home.  Especially if these 
workers have small children or other time-consuming responsibilities, 

they will be deprived of sufficient sleep and leisure, and their bodies will 

suffer significantly as a result. 

Figure 3-3 depicts labor cost of low, average, and high labor quality.   As 

noted, labor productivity is assumed to be constant, so labor quantity 

increases at a constant rate with output quantity. 

 

If the "high" and "low" in the graph cause you some confusion, recall 
that cost is the converse of value.  Whereas positive value increases health, 

positive cost decreases it.  Similarly, negative value decreases health, while 

negative cost increases it.  The middle curve, which represents average 

labor quality, begins in the negative range, which means that the health 

effects of this labor process are initially positive.  The curve rises as labor 
quantity increases, and at output quantity Q 1 this cost becomes positive, 

indicating that the health effects have become negative.  It is extremely 
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important to keep this converse relationship in mind, so let me repeat: 

positive cost means negative health effects, and negative cost means positive 

health effects. 
If labor is of high quality, the cost curve will start below the average 

curve and may never become positive as labor quantity increases.  On the 

other hand, if labor is of low quality, the curve will start above the average 

curve and will move rapidly upward.  Workers in a coal or uranium mine 

could be engaged in such labor, which may be destroying their health even 

when output quantity, and thus labor quantity, is relatively low. 
In chapter seven the question will be asked: to what degree should labor 

productivity be increased so as to maximize overall health?  Although other 

factors are involved, a key factor here is labor quality.  If labor quality is 

low, as in the top curve, productivity should be maximized: we want to 

drive labor quantity to the left as far as possible in order to reach the 

lowest point on the labor cost curve, thus minimizing the negative health 
effects.   If labor quality is average, as in the middle curve, productivity 

should increase until labor cost becomes zero.  At that point all positive 

cost has disappeared, but all negative cost has been retained, thus 

maximizing health gains.  Finally, if labor quality is high, as in the bottom 

curve, productivity should be minimized.  If the labor process results in 

health gains at all quantities, then any decrease in labor quantity will 
decrease the health that results.  Of course, the last conclusion sharply 

contradicts standard thought, which seeks to maximize labor productivity 

unconditionally. 

Labor Cost:  Some Examples 

Very little evidence has to date been published to support the idea that 

labor can increase health.  On the other hand, the evidence for the 

destruction of health through labor is voluminous.   For instance, take this 

item from the Guardian: 
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"An American study published in the Journal of Occupational and Environmental 
Medicine said that overtime and extended work schedules are associated with an 
increased risk of hypertension, cardiovascular disease, fatigue, stress, depression, 
musculoskeletal disorders, chronic infections, diabetes, and other general health 
complaints.  In Japan, most karoshi victims succumb to brain aneurisms, strokes and 
heart attack." 42 

The article points out that these deleterious effects begin at about 45 

hours per week - far fewer than the actual number of hours worked in 
many rich countries today. 

Two of the major links between work and ill health are stress and lapses 

in concentration from fatigue, which can lead to accidents.  Stress is 

particularly dangerous when it is chronic due to powerlessness and 

economic insecurity, as in the so-called menial occupations. 

In the rich countries there has been a downward trajectory in the 
frequency of workplace-related injuries, which is a positive development.  

However, this statistical trend could be masking some grim realities.  

According to the New York Times, American employers routinely 

underreport work-related injuries and illnesses, and that workers are 

pressured to do the same.  A report by the Government Accountability 

Office indicates that up to two-thirds of injuries and illnesses are thereby 
kept off the books.43 

While high labor cost is pervasive, it is largely invisible to the public.44  

In The End of Food, Thomas Pawlick cites a study that reported on the 

detrimental health effects of work in hog confinement buildings.  The 

effects include coughing, phlegm, scratchy throats, runny noses, burning 
and watery eyes, headaches, chest tightness, shortness of breath, 

wheezing, muscle aches and pains, and long-term lung damage.45  On the 

personal level we easily forget about such worker experiences when we fry 

our bacon and pork chops.  In economic analysis, however, they must be 

included in the labor costs that are set against the health benefits we gain 

from consumption. 
Of course we must also ask why all this work is being done in the first 

place.  Many recent thinkers have remarked on the absurdity of overwork 
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in technologically sophisticated economies, but a long work-day was 

already deemed unnecessary in the late 19th century.  In 1899 Peter 

Kropotkin, a Russian anarchist and peasant activist, wrote the following: 

"... if we take into account how few are the real producers of wealth in our present 
society, and how squandered is their labour, we must recognize that [Benjamin] 
Franklin was right in saying that to work five hours a day would generally do for 
supplying each member of a civilised nation with the comfort now accessible for the 
few only. ...46 

Before leaving this subject, let me identify an exception to the definition 

of labor cost.  As stated, this is mostly experienced by workers, who are 
directly engaged in production processes.  However, members of the public 

can be hurt or killed by indirect and inadvertent participation in these 

processes.  Examples are a construction crane that topples and injures 

nearby office workers, and a transport truck that plows into a passenger 

vehicle and kills its occupants.  Such injuries and deaths involve non-

workers, but because they are directly related to production ENL treats 
them as a component of labor cost. 

Worker Participation Rate 

A striking feature among thinkers is the divergence of views regarding 

the desirable level of employment - what is here called the worker 

participation rate.47  For some, work is an abomination that should be 

suffered by no-one, while for others it is a wondrous opportunity that 

should be shared by all.  Murray Bookchin is in the first category.   In Post-

Scarcity Anarchism he praised the Dadaists, “those magnificent madmen”, 
for demanding “unemployment for everybody”.48  However, E. F. 

Schumacher held precisely the opposite view.  In Small is Beautiful he 

summarized the Buddhist perspective on work and then commented: 



 CHAPTER 3 – PRODUCTION AND COST 

THE ECONOMICS OF NEEDS AND LIMITS 70 

“... to strive for leisure as an alternative to work would be considered a complete 
misunderstanding of one of the basic truths of human existence, namely that work 
and leisure are complementary parts of the same living process and cannot be 
separated without destroying the joy of work and the bliss of leisure.” 49 

For ENL the question must be settled according to its principles.  We 

must therefore ask: What worker participation rate will maximize 

aggregate health?  The answer to this follows from the shape of the labor 
cost curve.  As we have seen, this tends to slope upward, reflecting the 

increasing levels of stress, fatigue, injuries, deaths, etc. that accompany a 

longer work-day.  With a rising cost curve, a greater number of workers 

will always result in higher aggregate health when output quantity is kept 

constant.  This can be illustrated with reference to figure 3-4, where labor 

cost is depicted as a straight line for simplicity. 

 

Assume that twenty workers are currently employed, and that each 

produces the quantity Q 1, with a work-day of corresponding length.  Each 

worker thus incurs a labor cost of -400 + 400 = 0, for a total labor cost of 
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zero among the work force.  Now assume that twenty more workers are 

allocated to the production of the same total quantity.  Each worker thus 

produces a quantity of Q 2, which corresponds to a work-day that is half the 
initial length, with a labor cost of -400.  In this situation, positive labor 

cost is not incurred by any worker.  The total labor cost among the work 

force is now 40 * -400 = -16,000.  A minus cost is a health gain, so this 

represents a substantial increase in total health.  As you can see by looking 

at the graph, or by doing a little more arithmetic, this total continues to 

increase as more workers are allocated to the same production task. 
This leads to a general conclusion: aggregate health from labor is 

maximized when the worker participation rate is maximized for a given 

quantity of work.  There are of course practical limits to the number of 

workers that can be fruitfully engaged in any production process, based on 

technical requirements, space considerations, etc., but within these limits 

we should always strive to engage as many workers as possible.  On this 
basis ENL therefore sides with Schumacher on the “employment” issue. 

There is a catch, however.  If we consider individual workers rather than 

the social aggregate, the participation rate should increase only until labor 

cost decreases to zero.  In the example depicted, this would mean allocating 

40 workers, but no more.  Although additional workers would increase total 

health, it would also decrease the health of those already employed.  In a 
sense, the new workers would be “stealing” beneficial work from existing 

workers.  Although this is socially fair - such work should be shared - it 

could create resentment among the existing workers.  You may recall that a 

similar conflict arose in the last chapter in relation to crowding.  It thus 

becomes clear that the opposition of interests between individuals and 

their society is to some degree an inescapable feature of collective life, and 
does not necessarily reflect defective social arrangements. 

Maldistribution of Labor 

Unlike standard economics, which applies the concept of distribution 

exclusively to final outputs, ENL applies it to final outputs, labor, and 
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wastes.  The reason for this more extensive treatment is that all three can 

be socially assigned to individuals in ways that significantly affect 

aggregate health.  That is, they are all subject to maldistribution.  In the 
previous chapter maldistribution was discussed in relation to final outputs.  

In this section it is extended to labor, and in a later section to wastes. 

As stated in chapter two, an output is perfectly distributed when each 

unit is consumed by the person who can convert its potential value into the 

highest possible effectual value.  The analogous statement in the present 

context is that labor is perfectly distributed when each unit of labor time - 
say an hour - is assigned to the worker who incurs the lowest possible 

labor cost.  If labor cost is negative, this points to the worker who will gain 

the most health from working this hour.  If labor cost is positive, it points 

to the worker who will lose the least health.  Any distribution of labor that 

does not satisfy this criterion is called labor maldistribution. 

When dealing with outputs a central concept is consumption capacity - 
the aggregate ability to transform potential value into effectual value.  This 

capacity depends on the number of consumers, their current levels of 

satiation, and output distribution.  The equivalent concept in the labor 

context is absorption capacity: the aggregate ability to maximize the health 

effects of labor - that is, to minimize labor cost.  Because "satiation" is an 

awkward term in this context, ENL uses the word saturation instead.  Thus, 
the absorption capacity for labor depends on the number of workers, their 

current levels of labor saturation, and labor distribution.   These concepts 

can be further explained with the help of figure 3-5. 
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The bottom curve, labeled LCp, reflects perfect distribution for labor.  

Each labor unit is thus performed by the worker who can maximize its 
health effects.  The negative portion of the curve is relatively long, 

indicating that the labor saturation point is not reached until well into the 

work-day.  The curve moves gradually upward and becomes positive when 

the work-day becomes excessively long, thus transforming beneficial labor 

into labor that is detrimental to health. 

The top curve, labeled LCm, reflects the maldistribution of labor and the 

diminished absorption capacity that results.  Analogous to output 
maldistribution, this modifies the curve in three ways: the flat portion is 

shortened, the entire curve is shifted upward, and the curve rises more 

steeply than before. 

As with allocation generally, ENL is neutral with respect to the social 

mechanism used to allocate labor.  It is clear, however, that in a rational 

economy we should carefully consider how labor is assigned, always 
striving to minimize labor maldistribution, thereby maximizing labor 

absorption capacity and maximizing the aggregate health derived from 

society's necessary labor tasks. 
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Natural Cost 

In the last chapter I stated that value and cost pertain to humankind 

alone.  If follows that natural cost does not refer to environmental damage 

itself, but rather to the human health effects associated with such damage.  

It is thus an indirect rather than a direct effect of production.  ENL must of 
course address environmental damage and degradation, but this is done by 

treating the environment as a set of constraints, not as a cost.  These 

constraints are addressed in chapter five. 

This dual approach to the environment reflects the two key dimensions 

of the ecological problem.  The first dimension consists of short-term 

environmental effects such as pollution and noise that predominantly 
affect human beings in the short term.  The second is the longer-term 

threat of ecological decline and collapse that could devastate human 

civilization.  This chapter addresses the short term, where the concepts of 

value and cost can be readily applied. 

Natural cost, like labor cost, can initially be positive or negative, and it 

tends to increase at the margin.  It is positive when production degrades 
the environment so that health is adversely affected.  It is negative when a 

cleaner or more habitable environment is created, resulting in increased 

health.  Because input cost is the sum of labor cost and natural cost, 

natural cost is graphically depicted as the difference between the input cost 

curve and the labor cost curve.  See figure 3-6. 
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Natural cost tends to increase at the margin because wastes typically 
accumulate in the environment, as does the impact of habitat destruction 

on non-human species.  This will cause an escalating effect on humankind, 

as depicted by the growing space between the two curves.  The decision to 

represent labor cost as the bottom curve and natural cost as the difference 

between the curves was made for two reasons.  First, labor cost is the direct 

effect of production, whereas natural cost is the indirect effect.  It seems 
more appropriate to explicitly depict the direct factor.  Second, natural cost 

is more likely to be positive across the entire range of an output’s quantity, 

thus preventing the two curves from crossing and making such graphs 

easier to interpret. 

It is important to understand that, even if the analyst has chosen 

regional geographical scope, the natural cost of local production is always 
considered on a global basis.  When greenhouse gases escape from a region, 

or when agricultural phosphates invade an international waterway, the 

worldwide health impacts of these environmental effects are counted as a 

natural cost for the region that initiated the damage.  In this sense there 

are no environmental "externalities" in ENL. While external physical 
effects are possible when regional scope is employed, their health 
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consequences are always included in the originating region's economic 

calculations. 

Given today's mounting alarm about the environment, research on the 
harmful ecological effects of production is even more prolific than for the 

deleterious effects of labor.  These are two typical examples: 

 Pollutants released during fracking processes could pose a serious risk 

of harm to children and infants.  Researchers found that airborne 
particulates from the pressurized fluids used in fracking could cause 

memory, learning, and IQ deficits to disorders including anxiety and 

schizophrenia, as well as behavioral problems including hyperactivity 

and aggression.50 

 "A recent study conducted by New York University confirmed the link 
between bouts of asthma and one particularly disagreeable component 

of diesel exhaust — elemental carbon, also fittingly known as black 

soot. ... The solution lies in reducing the city’s dependence on 

trucks." 51 

In dealing with pollution, particular attention must be paid to the 
vulnerable members of a population, who are affected much more severely 

by environmental toxicity than its healthy members.  Unfortunately, 

federal standards in the U.S. are set by exposing robust adults to pollutants, 

thus ignoring the heightened sensitivities of the very young, the very old, 

and anyone whose immune system or general health has been significantly 

compromised.52   This difference in vulnerabilities within a population is 
one aspect of my next topic: the maldistribution of wastes. 

Maldistribution of Wastes 

Recall from chapter one that wastes are the material residues of 

economic activities.  They include pollution, discarded production 

materials, and discarded outputs.  Because these residues can be harmful to 
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human health, their distribution among countries, regions, neighborhoods, 

and individuals is an important topic. 

Wastes are qualitatively very different from labor, and we have to think 
about them in a different manner.  Labor, by definition, is always absorbed 

by human beings.  However, human beings are not always compelled to 

absorb wastes.  In principle, many wastes could be diverted away from 

human habitation and processed by the environment.  Recall that our 

concern at this point is not environmental degradation, but determining 

how the natural cost experienced by human beings can be minimized.  
Clearly, the best way to do this is to ensure that wastes don’t impact people 

at all.  However, this will likely fail to at least some extent.  We must 

therefore seek to perfectly distribute the wastes that unavoidably enter the 

human domain.  Akin to labor cost, this is achieved when each unit of 

waste is assigned to the person who incurs the lowest possible natural cost.  

Any distribution that does not meet this criterion is called waste 
maldistribution. 

As with labor, a population has an absorption capacity for wastes.  This 

refers to the group's aggregate ability to minimize their negative health 

effects.  The three factors previously cited apply here as well.  The 

absorption capacity for a waste depends on the number of people impacted, 

the level of wastes they have already absorbed, and waste distribution.  As 
noted above, this capacity is strongly affected by a population’s most 

vulnerable members.  See figure 3-7. 
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This graph is somewhat unusual because it depicts natural cost (NC) 

explicitly.  This was done for explanatory purposes.  As we saw earlier, ENL 

normally depicts natural cost as the difference between the labor cost and 

input cost curves.  Another unusual aspect of the graph is that the natural 
cost it depicts is restricted to pollution and similar wastes.  This means 

that habitat destruction and other environmental changes associated with 

production are ignored.  A final point is that wastes are assumed to be 

capable of decreasing but not increasing health.  This implies that, 

although natural cost in general can be positive, zero, or negative, in the 

waste context it is restricted to being either zero or positive.  Let me now 
examine the graph itself. 

The lower curve, labeled NC p, reflects the perfect distribution of wastes.  

Until output level Q 2 is reached, the population loses no health from the 

waste in question, and thus incurs no natural cost.  After this point natural 

cost becomes positive, and the curve rises slowly in accordance with the 
population’s waste absorption capacity. 

Now assume that maldistribution occurs.  That is, some of the waste is 

assigned to individuals who have already reached their tolerance level, even 

though others have not.  This typically occurs when pollution “hotspots” 

are permitted to form.  Another possibility is that a waste is assigned to the 

most vulnerable, which occurs when we ignore different sensitivity levels 
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for environmental toxins.  In such cases, the population’s absorption 

capacity declines and aggregate health will begin to degrade at a lower 

output quantity than previously.  In addition, the natural cost curve rises 
more steeply than before.  As shown, the difference between the two curves 

represents the maldistribution of wastes. 

An excellent example of such maldistribution appeared in a New York 

Times article: 

“The South Bronx is home to miles of expressways, more than a dozen waste-
transfer stations, a sewage-treatment plant and truck traffic from some of the 
busiest wholesale produce, meat and fish markets in the world. It is also home to 
some of the highest asthma hospitalization rates for children in the city. The N.Y.U. 
study found that the students were exposed to high levels of air pollutants in their 
neighborhoods and that children in the South Bronx were twice as likely to attend a 
school near a highway as were children in other parts of the city.” 53 

In this situation, let’s assume that the expressways and plants are 

socially necessary and that their wastes cannot be diverted away from the 

New York population.  Under these conditions, the wastes mentioned in the 
article should be distributed among the five boroughs rather than being 

concentrated almost exclusively in the South Bronx.  It is of course 

impossible to apportion each unit of waste individually and to achieve 

perfect waste distribution, but a cruder approach could still be effective.  

Perhaps the sewage treatment plant could be located on Staten Island 

rather than in the Bronx, and the waste-transfer stations could be placed 
in Queens and Manhattan.  More people would then suffer from the 

pollution, but the waste absorption capacity of New York’s population 

would rise, and the aggregate health damage would decline. 

The current maldistribution of wastes in New York, and in many other 

cities around the world, clearly reflects the political clout of the rich in 

diverting wastes away from themselves and toward the area’s less affluent 
inhabitants.  ENL's concepts could one day help the poor expose the 

irrationality of waste maldistribution, thereby allowing them to more 

effectively express their legitimate concerns. 
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Crowding 

The phenomenon of crowding as it relates to consumption was 

introduced in chapter two.  We saw that, as more residents “consume” a 

house, cumulative health eventually flattens out, declines, and possibly 

becomes negative. 
A similar effect is evident in the production sphere, particularly in 

relation to the various modes of transportation that take people to and 

from work.   For example, consider the old and badly maintained buses that 

are heavily used in poor countries.  These are frequently involved in serious 

accidents when they become overcrowded.  Another example is the ferries 

in countries like Indonesia and Bangladesh.  These capsize all too often due 
to overloading, resulting in the drowning deaths of dozens and sometimes 

hundreds of people.54 When people are injured or die in such accidents, ENL 

counts this as an increase in labor cost.  The trips are treated as part of the 

labor process, and any negative health effects must therefore be counted 

against the effectual value of the outputs produced.  See figure 3-8. 
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This graph is similar to the one that depicted consumption crowding in 

chapter two.  It has total health on the vertical axis and users per output on 

the horizontal axis.  The curve isolates the health effects of transportation 
- that is, it does not depict labor cost as a whole.  This means that the 

health effect shown must be added to the other components of labor cost 

for this production process.   Let me now address the curve shown. 

Until a bus or ferry is loaded to its safe capacity, the danger to its 

passengers is relatively low.  This is indicated by the horizontal portion of 

the health curve.  Averaged over time, the labor cost from injuries and 
deaths in this baseline situation is H0.  When the number of users rises 

beyond the conveyance’s safe capacity at U*, the risk of accidents increases 

sharply, as do the negative health effects. 

The optimum number of users in this situation is U*.  At this point the 

conveyance is fully used, but without increasing the baseline danger level.  

Crowding begins after U*, when the accident rate starts its rapid rise.   If 
the number of users increases to U1, a health loss of H1 is incurred.  As 

stated, this is an incremental factor, which must be added to the other 

components of labor cost for each worker on the bus or ferry.  In a rational 

economy, whatever is being produced by these workers must create 

sufficient effectual value to cover the health cost of not only the labor 

process and the natural effects of production, but also the perils of 
traveling on an overloaded bus, train, or ferry. 

Deaths from Production 

In chapter two I discussed ENL’s method for quantifying the health 

effects of deaths that are attributed to consumption.  You may recall that 

various national and international organizations have developed measures, 

such as the PYLL (potential years of life lost), to account for the fact that a 

young person’s death is, in an important sense, more serious than the 

demise of an older person.  ENL has adopted this approach, and refers to its 
measure as lost potential health.  In the context of consumption, this 
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means decreased potential value.  In the context of production, it means 

increased labor cost or natural cost. 

Consider a 30-year-old steelworker who dies while constructing a 
building.  If this worker was expected to live to age 75, he or she will lose 

the health that would have been gained over the 45 years from ages 30 to 

75.  This labor cost must be added to the overall labor cost of constructing 

the building.  Similarly, if 10,000 people around the world have shortened 

lives because of air pollution caused by local production, then the lost 

potential health due to these early deaths must be added to the natural 
costs of the associated outputs. 

Value, Cost, and the Output Life Cycle 

Figure 3-9 repeats the output life cycle diagram from chapter one, but 

adds the value and cost concepts discussed in this and the preceding 

chapter. 
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Note that potential value applies only to the final output, and that 

effectual value applies only to the consumption of this output.  Input cost, 

however, applies to all stages of the output's life cycle because production 

is typically required at each stage. 
This diagram is important because it captures the essence of ENL's 

approach to the gains from economic activities, which are discussed in the 

next chapter.  In this approach, effectual value is compared to life-cycle 

input cost.  If effectual value is greater than this cost, people within the 

geographical scope of analysis will gain health from this output at the 

current quantity.  Ignoring ecological limits, the output should thus be 
produced at this quantity unless a better allocation choice is available.  If 

effectual value is less than input cost, health is being lost, and the output 

should be produced at a lower quantity, or possibly not at all. 
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I emphasize that such a conclusion is not intended to be definitive, but 

rather to serve as ENL's contribution to a broader social decision regarding 

the output's production.  In effect, ENL is saying the following to economic 
decision-makers: Here are the potential health effects of a decision to 

proceed with the production of this output at the suggested quantity.  You 

presumably understand that the health standard was not chosen 

arbitrarily, but rather reflects the vital needs of present humankind and the 

opportunities for life and health of future humankind.  If you choose to 

override ENL's conclusion, ensure that you have fully weighed the ethical 
implications of your decision and that you have rationally balanced ENL's 

health results with all relevant non-health factors. 

To make this perspective more concrete, consider the announcement in 

February 2007 that the International Linear Collider (ILC), an advanced 

atom-smasher, could be built in five years with 22 million worker-hours.55  

Assume that the labor cost and natural cost of this project will both be 
modestly positive.  The health gains from "consuming" the collider are 

likely to be zero.  The collider's net health effects are thus projected to be 

modestly negative.  In addition, analysis will likely conclude that there are 

numerous ways to allocate the 22 million worker-hours to alternative 

production so that significant health gains could be achieved. 

On this narrow basis, an ENL-based analyst would reject the collider's 
construction.  To override this rejection, social deliberation would have to 

conclude that the benefits to humankind from the expected advances in 

fundamental knowledge will offset not just the actual health lost (the life-

cycle input cost), but also the forgone well-being from employing 22 

million worker-hours to build the collider instead of producing the best 

available output alternatives.  The point is not that the collider’s 
construction should be cancelled, but that a social process such as this is 

necessary before it can legitimately proceed. 

A letter-writer to New Scientist magazine captured the spirit of this 

approach perfectly.  The topic was NASA's claim that postponing a space 

program would have "devastating consequences" for our understanding of 

the cosmos.  The writer wryly commented that, "I decline to be devastated 
by the idea.  The cosmos has been there for a long time and the chances are 

that it will survive for later study even if NASA's plans are delayed for a 
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couple of hundred years.  I would be much happier if the money and effort 

from that programme were devoted to ensuring that we will still be here in 

a couple of hundred years." 56 

Production Efficiency 

E.F. Schumacher's Small is Beautiful includes the following jarring 
passage: 

"The most striking thing about modern industry is that it requires so much and 
accomplishes so little.  Modern industry seems to be inefficient to a degree that 
surpasses one's ordinary powers of imagination.  Its inefficiency therefore remains 
unnoticed." 57 

Schumacher's defends this statement by noting that the world's most 

advanced industrial economy, the United States, uses enormous quantities 

of resources for relatively unimpressive human results: 

"An industrial system which uses forty per cent of the world's primary resources to 
supply less than six per cent of the world's population could be called efficient only if 
it obtained strikingly successful results in terms of human happiness, well-being, 
culture, peace, and harmony.  I do not need to dwell on the fact that the American 
system fails to do this." 58 

One can argue about the success of the United States in human terms, 

but Schumacher's main point is indisputable: the efficiency of industry 

must be measured, at least in part, by its human results in relation to the 

inputs it requires.  To be analytically useful, however, his sweeping claims 
must be converted into well-defined statements.  The issue here is not the 

efficiency of "an industrial system", but of production itself, and 



 CHAPTER 3 – PRODUCTION AND COST 

THE ECONOMICS OF NEEDS AND LIMITS 86 

specifically the production of a final output.  Similarly, the human results 

cannot include the non-economic issues of happiness and peace, but must 

focus on health exclusively.  Finally, the production stage of a final output 
cannot be held accountable for inefficiencies elsewhere in the output life 

cycle.  A factory, for example, cannot be blamed if the social act of 

distribution channels the bulk of its outputs to those who have already 

reached satiation.  With these caveats out of the way, we can proceed. 

To identify the restricted responsibilities of the economy’s production 

phase, ENL uses the concept of potential gains.  This is the difference 
between a final output's initial potential value (PVi) and the input cost (IC) 

incurred during its production, at the quantity specified by the allocation 

decision: 

Potential gains = PVi - IC 

Effectual value is absent here because this is beyond the purview of 

production activities.  Similarly, the input cost used in this context is not 

the life-cycle input cost, which is again too broad to attribute entirely to 
the production, but the input cost incurred during the production process 

itself.  This excludes the natural cost and labor cost associated with 

resource extraction, consumption, maintenance, and disposal. 

With this definition in place, it can be stated that the responsibility of a 

production process is to maximize the potential gains of its output while 

minimizing the quantity of its required inputs.  Production efficiency (E p) 

measures the degree to which this is successful.  It is thus defined as the 
ratio between potential gains and input quantity (Q i).  That is: 

E p = Potential gains/Input quantity 

E p = (PVi - IC)/Q i 

Input quantity can refer to a single input, such as hours of software 

programming, or to a combination of inputs, such as days of construction 

labor plus the use of a backhoe. 

Input quantity is the correct denominator here because a decrease in 
production resources is in most cases conducive to greater overall health.  

If input quantity is reduced for a specific production process, a promising 

choice opens up for those making allocation decisions: they can leave the 
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input quantity unchanged, thereby increasing output quantity, or they can 

reduce input quantity and redirect the unused inputs to the production of 

different outputs.  If neither option will increase health, the inputs can be 
left unused.  For natural resources this could mean a reduction in 

environmental damage, while for labor it could mean a welcome shortening 

of the work-day. 

Because the definition of production efficiency includes potential value, 

the measure can be applied either to a final output or to a sequence of 

production stages that results in a final output.  If the analyst wants to 
judge the production of any other part of the output life cycle, potential 

value is not available and production efficiency cannot be determined.  To 

use an earlier example, the production of jet fuel results in an intermediate 

output that is required for the utilization of airplanes.  The potential value 

resides in the airplane, however, and not in the fuel it utilizes.  In all such 

cases, production can be judged only by input cost and - as we will see in 
chapter seven - by labor productivity. 

An appropriate application of production efficiency is to rank production 

facilities.  Up to this point it has been assumed that all facilities capable of 

producing an output at a specific quantity will do so with the same results 

for value and cost.  This is unlikely to be true.  A particular manufacturing 

plant may have superior production methods and stricter quality controls 
than others in its industry, resulting in above-average potential value.  A 

specific farm might be extremely careless with pesticides and herbicides, 

resulting in above-average natural cost.  Another may be far more 

parsimonious than the rest with respect to farm inputs.  All these factors 

are captured in production efficiency.  An ENL-guided economy would 

therefore direct production to facilities with the highest such efficiencies, 
and challenge the others to catch up. 

Defining Well-Being 

To this point I have been using the term "well-being" informally, with 

the conventional meaning of satisfactory conditions for human existence.  
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Now that some core ENL concepts have been established, it is possible to 

offer a formal definition.  To fully capture human experience, the term 

must refer to a combination of health achievement and want satisfaction.  
Unfortunately, this runs into the problem of incommensurability.  Health is 

objective and directly measurable, whereas want satisfaction is subjective 

and measurable only in the indirect sense, through the expenditure of 

money.  I have not found a generally valid way to combine these two 

discrete components into a single, logically-coherent measure. 

The solution to this quandary is two-fold.  First, ENL defines well-being 
not as a measure but as a goal: the achievement of maximum health from 

consumption and production, plus the satisfaction of all authorized wants.  

Thus, well-being means the maximization of effectual value from 

consumption, the minimization of input cost from production, and the 

satisfaction of all wants that have been socially approved.  This definition 

avoids the incommensurability issue while retaining the required 
combination of health and wants.  The second aspect of the solution is to 

acknowledge that a society can combine health and want satisfaction into a 

single measure according to its own criteria, just as discrete components 

are today combined by standard economists to form an index of stock 

prices or a basket of consumer products.  This would make well-being a 

fully quantifiable concept within a specific social context. 
For the remainder of this book the initial definition above will be 

employed, and well-being will therefore refer to a goal instead of a 

measure. 

ENL’s Approach to Value and Cost 

This chapter and the last have introduced ENL’s concepts of value and 

cost.  The next task is to apply these concepts to the construction of various 

analytical tools.  Before doing so, however, let me make a few summary 

comments about these foundational ideas. 
The fact that health can both increase and decrease means that value 

and cost in ENL can be either positive or negative.  Something we consume 
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can be nutritious and thus have positive value.  But consumption can also 

be detrimental, for example through mercury pollution in fish, certain fats 

in fried foods, and ingredients that lead to obesity.  Such effects are 
captured through negative value.  Similarly, when we engage in production 

we can incur injuries or debilitating fatigue.  These are positive costs, 

resulting in lower health.  But labor can also enhance our fitness and 

vitality, resulting in negative costs and higher health. 

This perspective will likely entail a mental adjustment for many 

economic thinkers because they are accustomed to monetary 
interpretations of value and cost.  While negative numbers frequently occur 

in accounting, the use-value or utility of commodities is always positive.  

There is no analogue in standard thought to ENL's negative value.  

Likewise, when a capitalist purchases labor, materials, and other inputs, 

the monetary outlays will invariably be positive - there is no analogue to 

negative input cost. 
This aspect of ENL's value and cost concepts is necessary given the 

subject matter it addresses: the complex, largely material world of 

humankind and nature, where both enhancement and degradation are 

possible.  Under capitalism these complexities are reduced to one-

dimensional monetary representations, which are duly reflected in the 

one-dimensional quantities of standard economics. 
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CHAPTER 4  
MAXIMIZING GAINS 

his chapter marks a shift from ENL's basic concepts to its core 

analytical tools.  These are intended to assist analysts in directing 

the economy towards sustainable well-being.  The tools must 

therefore address the gains derived from outputs, the environmental 

constraints on production and consumption, and the appropriate 

population level.  The first of these tasks is addressed in this chapter.  The 
last two are addressed in chapters five and six. 

Because there are strong interactions among gains, environment, and 

population, a systematic approach is necessary to avoid errors and 

confusion.  With this in mind, the present chapter deals with gains in 

isolation from the environment, and assumes that the population level is 

fixed.  Its conclusions are therefore tentative.  Chapter five modifies these 
conclusions by taking the environment into account, but it retains the 

assumption of a fixed population.  Chapter six finalizes the conclusions by 

considering the effects of population changes.  Needless to say, real-world 

economies will not follow this artificial pattern: its only purpose is the 

logical development of ENL's analytical components. 

The maximization of human gains from economic activities is a broad 
topic that includes two specialized areas - labor productivity and trade.  

Because these topics require fairly extensive treatments, they are deferred 

until the core components have been presented.  This means that I will 

T 
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return to gains in chapter seven, which deals with labor productivity, and 

in chapter eight, which discusses trade. 

Optimization 

In general, to "optimize" means to achieve the best possible outcome, 

based on the stated objective and all applicable constraints.  In standard 
economics a typical optimization involves the maximization of utility 

within the constraint of a financial budget.  In ENL optimization refers to 

the extraction of the greatest possible health from an economic activity, 

without regard to environmental limits.  More specifically, ENL's 

optimization answers the following question: for a given final output, what 

quantity should be produced during the period in question so as to 
maximize gains?  This question is considered first with respect to the short 

run, during which the value and cost curves are fixed.  It is then considered 

with respect to the long run, where basic economic conditions can be 

modified and the curves can therefore change their positions and shapes. 

The distinction between the short run and long run is an important one, 

so let me clarify it before proceeding.  The short run is distinguished by 
changes that are predominantly behavioral rather than physical.  At least in 

principle, a society could one day decide that it was drastically over-

consuming and immediately lower its consumption level.  This would 

quickly reduce the natural flows associated with its production and 

consumption.  Output quantities and natural flow rates can thus change in 

the short run.  This is also true for distribution, which is driven by 
considerations of fairness and equity that could shift rapidly. 

Population change is clearly in a different category.  Sharply reducing a 

society’s population would entail not just behavioral modifications, but 

also the physical realities of births and deaths.  Similarly, changes in 

potential value and input cost typically require physical modifications to 

production methods, as well as technological changes that depend on the 
physical processes of experimenting, prototyping, testing, etc.  This means 
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that population, potential value, input cost, and technology are in the long-

run category.   Let me now return to the question of optimization. 

Technically speaking, optimization applies only to final outputs.  This is 
because the method deals with gains, which - as will be seen in the formal 

definition below - require the availability of both effectual value and input 

cost.  An intermediate output is not directly consumed and therefore does 

not result in effectual value, which means that its optimum quantity 

cannot be directly defined.  However, I find it convenient to relax the 

terminology here and to apply the term "optimum" to intermediate 
outputs as well.  This is discussed further below. 

Optimization requires the consideration of life-cycle input cost.  Recall 

from chapter three that this is the inclusive interpretation of input cost - 

the aggregate of all five life-cycle stages, from resource extraction to 

disposal.  Unless specifically stated otherwise, this is how input cost should 

be interpreted in this chapter. 
To begin, note that the value and cost curves introduced in the last two 

chapters can be combined in a single graph, as shown in figure 4-1. 
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Following a convention used in standard economics, the symbol “Q*” 

(pronounced "Q-star") denotes the optimum quantity, which in ENL's case 

means the health-maximizing output quantity.  The letter “Q” by itself, 
you may recall, denotes the current quantity - that is, the quantity actually 

being produced during the specified time period.  In figure 4-1, the current 

output quantity is higher than the optimum output quantity. 

The above graph includes four curves, which explicitly depict the two 

types of value and two of the three types of cost.  Natural cost is also 

present, but as an implicit quantity - the difference between the input cost 
and labor cost curves.  For many analytical purposes only the actual health 

effects are relevant, and in such cases this graph is unnecessarily complex.  

Potential value refers to possible health rather than realized health, and 

labor cost is just one component of input cost.  Thus, when analysis 

requires only the consideration of actual health, both of these curves can be 

omitted.  This is done in the next few discussions for simplicity.  The other 
curves will return when the long run is considered and all relevant 

economic factors must be taken into account. 

In the descriptions below I repeat some of the principles that were 

introduced in the previous two chapters.  This is intended to help the 

reader come to grips with ideas that are presumably unfamiliar.  As well, in 

several of the explanations I initially avoid using the term "marginal" in 
order to simplify the presentation.  I then switch to a more technical mode 

in order to describe the graphs and to present additional details. 

How Much Bread? 

Optimum Quantity for a Final Output 

If we are trying to maximize gains, the most basic task is to determine 
the optimum quantity for a single final output such as bread.  Remember 

that ENL is intended to provide broad economic guidance only.  Thus, to 

determine an optimum quantity does not mean to calculate a precise 

number, but to produce an estimate that is sufficient for general social 
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direction.  The specific numbers below are intended for explanatory 

purposes only. 

Imagine that we are members of a small, self-contained economy.  
There is by assumption no trade, so all values and costs are experienced by 

the members themselves.  Our task is to decide how many loaves of bread 

our economy should produce so as to maximize the resulting health.  

Fortunately, this society is perfectly democratic, so there is no political or 

other interference with our choice.  What method should we use in making 

our decision?  The correct approach is to use marginal analysis to 
determine the optimum number of loaves based on the current value and 

cost curves for this final output. 

The optimization rule is straightforward: increase the output's quantity 

until its cost has risen sufficiently to equal its value.  The first type of value 

to consider in implementing this rule is potential value: the maximum 

capacity of a loaf of bread to increase our health.  Let's say this capacity is 
100 health units.  Potential value is defined as a maximum capacity because 

it assumes perfect consumption conditions, no matter how much is 

produced and consumed.  The bread's potential value of 100 health units is 

thus a constant number. 

Potential value is the necessary starting point for this analysis, but it is 

only a potential - considered by itself, it has no effect on health.  The 
realization of this potential, which will determine the actual health our 

society will gain from bread consumption, depends on the attainment of 

effectual value.  This will depend on three factors: the bread's loss through 

degradation or destruction after it is produced, the incompleteness of its 

consumption, and the satiation we experience when it is consumed.  The 

last two factors are increased by maldistribution. 
Because we are imagining a more or less ideal situation, let's assume 

that bread loss is very low, and that distribution is perfect.  A few loaves 

are destroyed in production, a few others are crushed during delivery, and 

some are left on the shelf too long and get moldy.  However, most of the 

loaves survive, and these are consumed by people who can extract the 

maximum amount of effectual value from them.  Let's assume that, under 
these conditions, the effectual value of the loaves starts at 95 units (vs the 

100 units of potential value).  If the pattern of distribution remains 
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unchanged as more loaves are produced, and if satiation does not occur, 

then 95 units will be a constant quantity, and we should continue to 

produce loaves until cost rises to this level.  However, satiation will 
inevitably occur - this is an unavoidable consequence of all consumption.  

Thus, even with perfect distribution, the effectual value resulting from our 

bread consumption will decline, although the rate at which this occurs is 

entirely an empirical issue. 

Now let's consider the cost side.  The only "true cost” in ENL is input 

cost.  The opportunity cost of standard economics, which in ENL is called 
forgone health, addresses allocation instead of production.  Here we are 

focusing on production, after our society's allocation decisions have already 

been made. 

The input cost to be considered refers to the bread's entire life cycle.  

Producing bread involves a lot more than putting dough in ovens - it 

entails a whole string of prior activities, including the production and 
transportation of flour, yeast, salt, sugar, additives, and packaging.  After 

the bread is consumed, the packaging must be recycled or discarded.  The 

facility that produces the bread must initially be constructed, then serviced 

and maintained, and eventually torn down.  The labor cost and natural cost 

for all these steps must be included when estimating the bread's input cost.  

Let's assume that the labor required to produce small quantities of bread 
consists of healthy activities, but that there is some natural cost associated 

with this production.  The input cost of the initial loaves is therefore quite 

low - let’s say 10 health units. 

As explained in the last chapter, input cost tends to rise as output 

quantity goes up.  As bread production increases, it might turn out that, 

when production reaches 10,000 loaves, the effectual value derived from a 
loaf of bread has decreased from 95 to 55 units, and its input cost has 

increased from 10 to 55 units.  This means that, for the next batch of loaves 

to come out of the ovens, input cost will be greater than effectual value.  In 

other words, if we bake more than 10,000 loaves, our society will lose more 

health from producing the next batch than will be gained from its 

consumption.  This is clearly irrational given our aim of health 
maximization, so production should stop at this number. 
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What we have just done, using informal terms and fictitious numbers, is 

to establish the optimum level of bread production for our society.  

Although many practical issues must be resolved before such an estimate 
can be made in a complex environment, this is the heart of the rationality 

we should strive to achieve. 

This procedure is not new with ENL.  Standard economics has for many 

years used this method to optimize a firm's activities and thus maximize 

its profits by equating its marginal cost with its marginal revenue, 

expressed in monetary terms.  What is new here is that this well-
established technique has been applied to the basic human realities of 

health gains in consumption and health losses in production in order to 

reach a preliminary conclusion about a final output's rational quantity. 

The graph in figure 4-2 depicts the situation just described - 

specifically the case where production goes beyond the optimum output of 

10,000 loaves.  The potential value and labor cost curves are omitted, as 
previously discussed.  As well, abbreviations are used for "effectual value" 

and "input cost".  This will also be the case for future graphs in order to 

minimize clutter. 
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In ENL, "gains" is a formal term. Gains arise when the effectual value 

from consuming an output is greater than its input cost.  Here this is true 

for quantities between 0 and Q*, and the gains achieved are therefore 
represented by the light-colored area at left.  Losses are incurred when the 

situation is reversed - when input cost is greater than effectual value.  This 

is true for quantities between Q* and Q.  Losses are thus represented by the 

dark-colored area at right. 

The gains and losses depicted here apply to everyone within the 

geographical scope of our analysis.  All people in this area are treated 
equally, which means that a health increase from consumption by one 

person is offset by a health decrease from production by another.  To 

determine the overall health effects from the situation shown in the graph, 

we must calculate the net gains, defined as the difference between gains 

and losses.  For example, if the gains area at left represents 50 health units 

and the losses area at right represents 7 units, the net gains are 50 – 7 = 43 
units. 

In general, losses are incurred whenever an output is overproduced - 

that is, whenever the current quantity is greater than the optimum 

quantity, as in figure 4-2.  Whether such losses result in net gains or net 

losses depends on the actual numbers involved, so no general statement 

can be made.  Net gains arise in this case because the gains (50) are greater 
than the losses (7).  If output quantity were to increase so that losses rose 

to 60, the result would be net losses. 

The losses shown above can be reduced by decreasing output quantity.  

It is clear from the diagram that if the current output quantity goes down, 

the losses will go down as well. However, if this decrease goes too far, the 

error of overproduction will turn into the error of underproduction.  This is 
shown in figure 4-3. 
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Here the current quantity is less than the optimum quantity, resulting 

in too little output, or underproduction.  Outright losses are avoided, but 

some achievable gains are unrealized.  These unrealized gains are 

represented by the dark-colored area at right.  If we assume that this area 

represents 7 units of health, output quantity Q results in the same net 

gains as in the previous situation: 43 units. 
Although this demonstration is by no means rigorous, it should be 

apparent that health is maximized, and output quantity is therefore 

optimized, when the current quantity is precisely Q* - the output level 

where marginal input cost equals marginal effectual value.  This is shown 

in figure 4-4. 



 CHAPTER 4 – MAXIMIZING GAINS 

THE ECONOMICS OF NEEDS AND LIMITS 100 

 

In this situation all achievable gains are realized and no losses are 

incurred.  The net gains of 50 health units are the maximum possible given 

the effectual value and input cost curves shown.  In the short run, 

therefore, this is the optimum quantity for this final output.  Unless the 

value and cost curves are modified in the long run, health from this output 
is maximized by producing it at this ideal quantity. 

The above diagrams demonstrate that both overproduction and 

underproduction are sub-optimal in that they fail to maximize health.  In a 

capitalist economy, underproduction typically occurs when outputs are 

predominantly consumed by the poor, who cannot fully back up their 

consumption desires with money.  Overproduction, on the other hand, 
typically occurs when outputs are predominantly consumed by the rich, 

who have the financial resources to fully satisfy their consumption desires, 

thereby shifting input costs to those with fewer means.  This should 

remind us that equity issues are masked when dealing with aggregate 

quantities, and that additional methods are required to address them.  

ENL's approach to economic equity is discussed below. 
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In general, underproduction is better than overproduction for the 

economy's overall health results because underproduction uses fewer 

inputs.  This leaves unused inputs for allocation to other outputs, and 
causes less damage to the environment.  Thus, if a choice must be made 

between overproduction and underproduction, the latter should normally 

be preferred. 

A critical point is that an output's optimum quantity is also its economic 

limit.  That is, under existing value and cost conditions there is no 

conceivable economic rationale for increasing the output's quantity beyond 
this point.  The consideration of ecological limits might decrease the 

rational output level in subsequent analysis, but no economic reason can be 

cited to increase it.  An output's optimum quantity can therefore be 

interpreted as the formalization of what some environmental thinkers have 

called sufficiency or enoughness.  According to Indian economist Narindar 

Singh, for example: 

"... what we need is a just and sustainable civilization having an entirely new 
system of ethics and a new organizing principle specific to itself.  The principle which 
suggests itself is the following: 'Enough is Beautiful'." 59 

ENL's optimization of final outputs, I suggest, gives theoretical 

expression to Singh's proposed organizing principle.  However, we must be 

careful to avoid what might be called the "rich environmentalist" 
perspective, which sees excess everywhere and strives for reduced 

consumption across the board. 
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How Many Cigarettes? 

Optimum Quantity for a  

Harmful Output 

Some outputs, such as cigarettes, result in sharply negative effectual 

value because of the severe health problems they cause.  Even if such 

outputs are produced under healthful working conditions, the value derived 

from their consumption will likely be lower than production cost at all 
output levels.  Based on ENL's criteria, such outputs should not be 

produced at all, and are therefore called irrational outputs.  The optimum 

quantity for such outputs is zero, which means that production at any level 

would constitute overproduction.   Figure 4-5 depicts two examples of 

irrational outputs. 
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For cigarettes, input cost is assumed to be negative across the whole 

output range.  Because negative cost implies positive health, considerable 

health is achieved in the production process. However, the effectual value 
from consumption is so low that this prospective gain is cancelled out.  

Social losses are incurred at even the lowest quantities, so any production 

of this output is economically unjustified. 

The same can be said for war materiel, such as bombs and bombers. The 

potential value of such outputs is roughly equal to their capacity to destroy 

human lives, which means it is highly negative.  Their effectual value is 
roughly equal to the lives actually destroyed (lost potential health), hence 

negative to the extent that this occurs.  War materiel thus consists of 

irrational outputs that should never be produced for economic reasons.  

Political justifications will of course be cited for such production, but these 

are beyond ENL's analytical scope. 

Unlike the examples of cigarettes and bombs, the output in the top 
graph generates positive effectual value across its entire range, indicating 

that health would be gained from its consumption.  Here, however, the 

input cost is so high that this prospective gain is wiped out.  Production of 

this output is therefore irrational as well.  A possible example of this 

situation is tomatoes and other field crops.  These generally result in high 

effectual value when consumed, but they are often grown under unhealthy 
conditions of extreme heat, exhaustion, and various forms of 

contamination, thus incurring extremely high labor cost.  As well, the 

outputs are usually transported long distances to their markets, thus 

incurring considerable natural cost.  The sum of these costs, which is the 

input cost of their production, could in some cases exceed their effectual 

value even at low quantities. 
Although our conclusions regarding optimum output quantity are the 

same in these two situations, there is an important distinction between 

them with regard to equity.  In the bottom case (cigarettes) the losses are 

caused by consumption, which is to some degree a voluntary activity.  If 

this output is produced despite its irrationality, this will be due to demand 

from consumers who will incur the negative effectual value themselves.60  
In the top case (tomatoes) the losses are caused through production, which 

is largely an involuntary activity because most people have to work to 
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survive.  If these tomatoes are produced, this will likely be due to demand 

from consumers who will not incur the input cost themselves.  These 

consumers will gain from the effectual value, but will shift the labor cost to 
workers and the natural cost to the public. 

In general, when the input cost of producing an output is high - 

whether or not overall losses result - we must ensure that the burdens of 

production have not been imposed unfairly on the powerless, and that the 

social standard of equity is met across the geographical scope of our 

analysis. 

How Many Transport Trucks? 

Optimum Quantity for an  

Intermediate Output 

A transport truck, when used for its intended purpose, is an example of 
an intermediate output. Such outputs are distinguished from final outputs 

in that they are not consumed as end products, but are instead used in the 

production and physical distribution of other outputs - either intermediate 

or final.  Because an intermediate output cannot directly affect human 

health in consumption, it lacks potential value and cannot achieve effectual 

value.  As emphasized in chapter two, anything that is necessary for 
production, but that does not possess value itself, must be counted as a 

cost.  Transport trucks and other intermediate outputs are therefore part of 

the life-cycle input costs of the final outputs with which they are 

associated. 

As we have seen, the optimization procedure for final outputs requires 
both effectual value and input cost.  The fact that an intermediate output 

cannot achieve effectual value means that its optimum quantity must be 

indirectly determined.  Because an intermediate output is part of the input 

cost for each of the final outputs with which it is associated, the optimum 

quantity for an intermediate output is the quantity that will minimize these 
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input costs.  In most cases this means that the optimum quantity is the 

minimum quantity required in the current production process. 

For example, if we are using transport trucks to move the optimum 
quantity of bread from a central bakery to various stores, and 

transportation costs are minimized when eight transport trucks are used, 

then this is the optimum number of such trucks our society should have on 

the road.  However, the optimizing principle should be more broadly 

construed: we are not actually seeking the optimum number of transport 

trucks, but the means of bread transportation with the lowest input cost.  
Thus if input cost is lower for trains than for trucks, we should switch to 

trains.  Still more broadly, we should consider decentralizing bread 

production to further reduce the input cost of transportation.  An economy 

based on ENL's principles should be as focused on cutting input costs to 

increase aggregate health as a capitalist CEO is on cutting monetary costs 

to increase the financial wealth of corporate shareholders. 
I have been reluctant to apply the term "optimum quantity" to 

intermediate outputs for the reason stated above: such outputs have no 

effectual value and cannot themselves be optimized.  This is also true for 

the concept of "target quantity", which is addressed in the next chapter.  

However, discussion is facilitated if all outputs can sometimes be lumped 

together.  My view is that this economy of expression outweighs the slight 
technical inaccuracy, and I therefore apply the terms “optimum” and 

“target” to both types of outputs.  Careful analysts will presumably 

understand that for a final output the optimum and target quantities are 

directly determined, while for an intermediate output they are indirectly 

determined - or, in the words of standard economics, that they are derived 

quantities. 
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How Many Concerts? 

Optimum Quantity When  

Value is Zero 

In many cases, especially in the rich countries, an economy will produce 

numerous outputs that are non-essential in that they satisfy wants instead 

of needs.  Such outputs either generate no positive health effects when they 

are consumed, or the health effects are so diffuse or difficult to identify 
that they cannot realistically be quantified.  Some minor examples are 

movies, electronic gadgets, and concerts.  More significant examples 

include scientific research and the construction of universities and 

museums. 

Whether or not a society should authorize such a want depends on the 

strength of the consumption desire, the input cost of the output's 
production, and the economy's available ecological space.  This important 

topic will be addressed in the next chapter, after environmental factors 

have been considered and ecological limits can be included in the 

discussion. 

 

What Level of Total Outputs? 

Optimum Scale for the Economy 

Before addressing an economy's total outputs analytically, it must be 

introduced as a broader topic in economics.  Lumping outputs together has 
long been a troublesome issue for economic thinkers because it is difficult 

to measure, or even to properly define, the total quantity of non-

homogeneous outputs.  Standard economists now call this the "aggregation 

problem", but the difficulty was spotted two centuries ago by Jeremy 

Bentham: "Tis in vain to talk of adding quantities which after the addition 



 CHAPTER 4 – MAXIMIZING GAINS 

THE ECONOMICS OF NEEDS AND LIMITS 107 

will continue distinct as they were before, ... you might as well pretend to 

add twenty apples to twenty pears."61  Despite longstanding difficulties in 

this area, ENL is compelled to confront the issue because it must be able to 
compare the effects of various economic changes relating to the economy 

as a whole. 

There is no problem in quantifying relative changes to a specific output 

mix.  If an economy produces 5 bicycles and 100 pomegranates, and this 

mix increases to 10 bicycles and 200 pomegranates, it can be coherently 

stated that the economy's size has doubled.  But what can be said if the 
output proportions change, and the new mix includes 10 bicycles and 150 

pomegranates?  Worse, what if the mix itself changes, and the economy 

now produces 8 bicycles, 75 pomegranates, and 50 pounds of carrots?  In 

such cases it is impossible to quantify the changes in an economy's size 

unless we have a unit of measurement that is common to all outputs. 

Standard economics solves this problem by expressing all outputs in 
monetary terms.  This allows its practitioners to talk about increases and 

decreases in an economy's output level by citing changes in its GDP.  The 

fact that this reduction of concrete outputs to abstract money removes all 

distinctions regarding output quality - their objective effects on 

humankind and nature - does not faze the standard discipline.  Although 

numerous commentators have pointed out the absurdity of this approach, 
the business world and its economists continue to speak with reverence 

about GDP fluctuations. 

Because ENL is deeply concerned about an economy's effects on people 

and planet, it cannot solve this problem in such a facile manner.  However, 

ENL's rejection of this radical abstraction also means that it rejects a 

universal measurement unit.  Consequently, whenever ENL talks about an 
increase or decrease in an economy's total outputs, it must assume that the 

output mix remains largely unchanged.  When plotting total outputs, 

therefore, the current output quantity on the horizontal axis refers to the 

present mix of outputs, at their present quantities.  Moving left or right on 

this axis indicates that the mix becomes smaller or larger, but that its 

composition remains substantially unaltered.  The precise meaning of 
"substantially" must be left to the analyst's judgment.  If the output mix 

does change in this manner, ENL treats the new mix as a qualitatively 
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different set of outputs.  This necessitates a new graph and a new starting 

point for analyzing economic changes.  For this reason, all ENL graphs that 

deal with total outputs assume that the output mix is relatively stable. 
One further note on terminology is required at this point: In order to 

avoid confusion with GDP growth and shrinkage in standard thought, and 

with ecological expansion and contraction in environmental thought, 

changes in the size of the current output mix are referred to as increases 

and decreases in the economy’s scale.   This term is consistent with 

ecological economics, which has long used "scale" for this purpose. 
With the above considerations in mind, we can apply the graphs that 

have already been introduced to an economy's total outputs.  See figure 4-

6. 

 

To create a graph such as this, the first step is to sum the marginal 
values and costs for all outputs in the current output mix.  These sums are 

placed on the vertical line that represents the current quantity Q.  The 

curves are then drawn based on estimates of the changes in these summed 

values and costs as the economy's scale increases and decreases.  In the 
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example shown, output level Q 2 represents a 50% increase in the 

economy's scale, and output level Q 1 represents a 50% decrease. 

For a concrete example, assume that the economy currently produces 12 
bicycles and 50 pizzas a week.  This is output level Q.  Level Q 1 would then 

represent 6 bicycles and 25 pizzas a week, while level Q 2 would represent 

18 bicycles and 75 pizzas a week. The graph thus shows the value and cost 

results of increasing or decreasing the quantity of all outputs in an 

economy by the same proportions.  Although this is obviously simplistic 

with respect to a real economy, it is a useful starting point for the 
systematic treatment of total outputs and their effects on health. 

Based on the above, optimizing an economy's scale means finding the 

health-maximizing level for the current output mix.  An example is shown 

in figure 4-7. 

 

In this graph the current economic scale should be increased by roughly 

50% in order to reach the optimum level Q*, thereby maximizing the gains 

for the population served by this economy.  If the current quantity is 
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greater than the optimum quantity, the economy's scale should be 

decreased instead. 

Increasing an economy's scale is both different from and similar to the 
standard concept of economic growth.  The major difference is that 

economic growth, because it is measured by money, can result in either a 

higher or a lower level of overall health.  Increased scale, on the other 

hand, will always result in a higher level of health until the optimum total 

quantity is reached.  The key similarity is that both concepts refer to a 

general increase in outputs, without paying attention to the specific effect 
of each individual output.  For ENL, this lack of output discrimination 

means that increased scale (up to the optimum quantity) is an economic 

improvement, but is very unlikely to be the best improvement.  In order to 

achieve the best possible results, each output must be treated 

independently, and its quantity must increase or decrease as previously 

discussed. 
An important aspect of ENL's treatment of total outputs is that the 

framework is blind to the monetary "size" of an economy.  This should be 

obvious, but I point it out because it can lead to superficially bizarre 

results.  For example, the US economy has a total GDP of $14 trillion and a 

per capita GDP of $46,000.  The comparable figures for Samoa are $1.2 

billion and $2,100.  By every standard measure, the US economy is 
overwhelmingly larger than Samoa's.  Nevertheless, ENL attaches no 

meaning to such comparisons because the output mixes of the two 

economies are significantly different.  This means that the US economy 

cannot be scaled down to Samoa's, and Samoa's economy cannot be scaled 

up to that of the US.  The health effects of the two economies are 

completely distinct, and their sizes are therefore incommensurable. 
This counterintuitive conclusion might make more sense when seen 

from the health perspective.  Assume that $45,000 out of the $46,000 

annually available (on average) to each US citizen is spent in a manner that 

generates zero or negative health results.  Assume further that $2,000 out 

of the $2,100 available to each Samoan is spent so as to generate positive 

health results.  If this were the case, Samoans would be healthier than 
Americans, and in this restricted sense their economy would be "larger".  

While this example is entirely hypothetical, it demonstrates that monetary 
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comparisons are logically irrelevant for a guiding logic based on the 

objective standard of physical health. 

Long Run Optimization 

The optimization of output quantities has to this point assumed that 

value and cost remain unchanged.  In graphical terms, this means that the 
value and cost curves are fixed.  However, the health results of an economy 

can be significantly enhanced by modifying the underlying value and cost 

conditions, which would be reflected graphically by shifting and rotating 

the curves. 

The following are some examples of beneficial changes in economic 

conditions: Potential value will rise if improvements are made to food 
nutrition, toy safety, and output durability.  Effectual value will increase 

with lower output spoilage and lower maldistribution.  Labor cost will 

decrease if excessive stress and fatigue are avoided in the workplace, and if 

worker injuries, diseases, and deaths are reduced.  Natural cost will 

decrease if the rate of toxins released from production processes goes 

down. Of course, decreasing either labor cost or natural cost will decrease 
input cost.  The various improvements in cost and value are depicted in 

figure 4-8, which can pertain to either a single output or an economy's 

total outputs. 
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For the economy as a whole the beneficial changes can be applied to 
outputs within the current output mix, but it is also possible to alter the 

mix itself.  Existing outputs can be dropped and new outputs can be added.  

Aggregate effectual value, for example, will increase if an output that 

results in negative effectual value is no longer produced.  Aggregate input 

cost will decrease if an output with a sufficiently negative input cost is 

added to the output mix.  However, it should be clear that the addition of 
an output with above-average potential value does not necessarily increase 

aggregate health.  The effectual value for such an output could be below 

average, thereby causing overall health to decrease instead.  Potential 

value, because it is only a capacity, is exceptional in this regard.  The 

addition of outputs with above-average effectual value, or below-average 

labor cost and natural cost, will unconditionally increase aggregate health. 
One of the key effects of shifting the value and cost curves is that the 

optimum output quantity will likely change as well.  An example is shown 

in figure 4-9, which can again pertain to either a single output or to an 

economy's total outputs. 
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If effectual value rises or input cost declines while output quantity 

remains at Q*1, gains will increase.  However, the output's optimum 

quantity will rise to Q*2, which will create the unrealized gains at right.  To 

realize these gains, the output quantity must rise to Q*2.  In the bread 

example at the start of this chapter, we can imagine input cost decreasing 

due to better working conditions in our bakeries.  As will be seen in chapter 
seven, this could be due to a change in technological intensity associated 

with a change in labor productivity.  A lower input cost could mean that 

marginal input cost will not equal marginal effectual value until we reach 

12,000 loaves, which would be the new, higher optimum quantity for bread.  

In general, any outward movement of the curves will expand the 

prospective gains area and increase the optimum output quantity.  
Conversely, any inward movement of the curves will contract the 

prospective gains area and decrease the optimum output quantity. 

In figure 4-9, the light-colored area at left represents the initial gains.  

When the effectual value curve shifts up from EV1 to EV2 and the input cost 

curve shifts down from IC 1 to IC 2, additional gains will be achieved even if 
the output quantity remains stable.  However, the optimum output quantity 
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will shift to the right, resulting in the unrealized gains indicated by the 

dark-colored area at right.  To capture these newly available gains, output 

quantity must increase from the original optimum Q*1 to the new optimum 
Q*2. 

It may seem odd that our imaginary society will rationally consume 

more bread because of improved working conditions in our bakeries.  

However, this is the logical result of treating everyone in our society as 

economic equals, meaning that a gain for one is a gain for all, and a loss for 

one is a loss for all.  If labor conditions improve in our bakeries, we as a 
society will be able to produce more loaves before our overall losses exceed 

our overall gains.  The fact that the reduced losses are experienced by 

bakers while the gains are experienced by consumers makes no difference 

based on the framework's ethical principle. 

Aggregation and Equality 

Estimating aggregate health effects is indispensable if we are to 

understand the broad human consequences of economic activities.  

However, the method has two significant deficiencies.  First, it ignores the 
fact that an economic change could increase aggregate health while 

decreasing the health of some individuals or groups.  Second, it ignores 

changes in population: an increase in aggregate health resulting solely 

from a population increase could mislead us into thinking that the 

economy has improved, even though individual health remains constant or 

declines.  Although population is currently assumed to be constant, this 
assumption will be dropped later, and some theoretical preparation is 

necessary at this stage. 

Before proceeding, it must be pointed out that ENL's aggregate health 

maximization creates a strong and automatic tendency towards health 

equality.  Unlike monetary income or wealth, which can increase virtually 

without limit, an individual's health level has a strict upper bound due to 
the nature of the human body.  Once the health of the rich has been 

maximized, aggregate health can increase only by increasing the health of 
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the poor.  This implies that shifting the value and cost curves outward will 

not only increase overall health, it will likely equalize it as well.  

Nevertheless, it remains possible for serious health inequalities to arise, 
and the framework must therefore address this issue as a distinct topic. 

The ENL concept that addresses these issues is individual net gains 

(ING).  In general terms, this is the health gained or lost by an individual 

from engaging in economic activities.  Specifically, ING is the difference 

between the effectual value gained by an individual through consumption 

and the input cost incurred by this same individual from production, over a 
specified period of time.  For example, an individual might typically gain 

500 health units per day from consumption, and lose 300 health units per 

day from production.  This person's ING would thus be 200 health units per 

day.  Another individual might gain 400 health units per day from 

consumption, and gain another 200 health units per day from production.  

This person's ING would be 600 health units per day. 
Because labor cost is generally incurred by workers, the determination 

of ING differs between workers and non-workers.  For workers, both labor 

cost and natural cost must be subtracted from effectual value to arrive at 

ING.  For non-workers, only natural cost applies.  This distinction is not a 

fine point - it highlights the fact that workers require specific protections 

from the health damage they might incur while engaged in production 
activities.  Such protection should not be perceived as just a contractual 

right or legal privilege, but as a clear consequence of ENL's economic 

principles and ethical stance. 

It would be useful to have a measure for ING distribution in an 

economy.  Fortunately, as with lost potential health, considerable work has 

been done in this area.  A widely used measure of inequality is the Gini 
coefficient, which is normally applied to income distributions.  The 

coefficient was originally defined as a number between 0 and 1, with 0 

indicating complete equality and 1 indicating complete inequality.  It is now 

sometimes expressed as a percentage and called the Gini index.  The UN's 

Human Development Reports uses a third alternative.  The organization 

uses the original term - Gini coefficient - and expresses it as a number 
between 0 and 100.62  This measure can be usefully applied to the 

distribution of individual net gains among an economy's individuals. 
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The ING concept allows for a more succinct definition of well-being.  In 

the last chapter the general definition offered was the maximization of 

effectual value, the minimization of input cost, and the satisfaction of all 
socially-approved wants.  Because ING includes the first two elements, the 

alternative definition is the maximization of ING and the satisfaction of all 

authorized wants. 

Inequality 

In chapter one I said that ENL’s ethical posture, which is based on the 

equal worth of human beings, does not preclude inequality if this increases 

health for all.  I pointed out that equality (sameness) is not synonymous 

with equity (fairness), and that the two must be distinguished if we are to 
rationally apply ENL’s ethical position.  It is now time to address this 

stance in more detail, using the ING concept.  Let me begin with a society 

that is perfectly equal in the economic sense.  This is depicted in figure 4-

10. 

 

In this graph the vertical direction indicates the achievement of ING.  

The line marked “distribution” indicates the relative ING achieved by those 
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at the lowest level (left side) and those at the highest level (right side).  A 

horizontal line signifies that ING is the same for everyone, which is the 

definition of perfect equality. 
Now assume that an economic change is being considered that would 

increase ING significantly for those at the high end while decreasing it 

slightly for those at the low end, as in figure 4-11. 

 

The old distribution is the hashed line whereas the new distribution is 
the solid line.  It is visually clear that the ING gained at the high end 

exceeds the ING lost at the low end.  On aggregate, therefore, society has 

increased its health.  However, the new distribution violates ENL’s ethical 

principle.  People are of equal worth, and it is therefore unjustifiable to 

deprive some for the benefit of others.  It is irrelevant that the aggregate 

gain is substantial: no gain can be justified if it is ethically unsound.  For a 
society that bases its economy on ENL, the change being considered must 

therefore be rejected. 

Now consider another possibility: everyone’s ING increases, and no-

one’s ING decreases.  This is depicted in figure 4-12. 
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In this situation those at the low end have gained a little, and those at 
the high end have gained a lot.  No-one ends up with a lower level of 

health, and no-one has therefore been deprived for the benefit of others.  

This change is consistent with ENL's ethical principle, and from the 

economic perspective it should therefore be permitted.  I emphasize the 

economic perspective here because society may decide that the new 

distribution is inequitable - that is, it may judge that the perceived lack of 
fairness will result in unacceptable levels of stress, envy, conflict, loss of 

social solidarity, criminal behavior, etc.  Because these negative social 

consequences could easily overwhelm the increased economic benefits, 

they must be carefully considered. 

A society could also decide that the new distribution is unnecessarily 

unequal.  The only reason to countenance inequality in the first place is 
because, given the realities of human nature, this is the only way to achieve 

a general increase in ING.  Those with exceptional energy and 

organizational talents frequently demand more than the average in order to 

perform their tasks.  Society must decide if such demands are reasonable, 

thus determining if the inequality is in this sense necessary. 
The inequality principle outlined here is applied to ING - that is, to the 

health derived from consumption and production.  Note, however, that it 
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could also be applied to want satisfaction and to socially-defined well-

being.  It may even be useful to extend the principle to the distribution of 

labor and wastes, although this is one of many avenues that I have not 
explored in depth. 
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CHAPTER 5  
ENVIRONMENTAL LIMITS 

arginal analysis was used in the last chapter to determine an 

output's optimum quantity, without taking environmental limits 

into account.  It is now time to consider these constraints using 

non-marginal methods in order to establish an output's ecological limit.  

This will allow us to modify our preliminary conclusions about rational 

output quantities.  Recall that population is still assumed to be fixed.  This 
restriction will be dropped in the next chapter. 

Dealing comprehensively with environmental limits means that four 

types of natural flows must be considered: 

1. Habitat destruction; 

2. The utilization of renewables; 

3. The expulsion of wastes; 
4. The utilization and depletion of nonrenewables. 

The first three of these are called biological flows because they can 

directly degrade the natural world, possibly leading to ecosystem decline 

and collapse.  Such effects are scientifically detectable as they develop, thus 

providing us with natural signals that damage is being done and that 

thresholds are being approached.  By contrast, the flows of nonrenewable 
resources do not, in themselves, cause ecosystem damage.  That is, nature 

gives us no indication that uranium, oil, coal, iron, etc. are being depleted 

"too rapidly." 63  This means that, while the biological flows can be used to 

M 
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set limits on our economic activities, nonrenewable flows cannot be used 

for this purpose.  This is a crucial distinction that must be kept in mind as 

we proceed. 
ENL's treatment of ecological constraints has two distinct aspects.  The 

first is the widely accepted notion that our economic activities must avoid 

violating natural limits.  The second is the less familiar idea that these 

restrictions should be imposed so as to maximize human health.  The 

involvement of health in setting environmental limits means that the 

analytical tools developed in this chapter must be integrated with those 
developed in previous chapters. 

Present and Future Humankind 

William Catton opens his seminal book, Overshoot, by asserting that, 

"Today mankind is locked into stealing ravenously from the future."64  

Consistent with this theme, Catton ends his book by warning that 

humankind must quickly end its excessive ecological impact, because, 

"...the longer we delay beginning, the more numerous and colossal we 

become - thereby trapping ourselves all the more irredeemably in the fatal 
practice of stealing from our future." 65 

As Catton emphasized, the relationship between present and future 

humankind is fundamental to our ecological awareness, and it is therefore 

imperative that this relationship be clearly defined.  The key questions have 

been posed, albeit rhetorically, by liberal economist Robert Heilbroner: 

"Suppose we knew with a high degree of certainty that humankind could not 
survive a thousand years unless we gave up our wasteful diets of meat, abandoned 
all pleasure driving, cut back on every use of energy that was not essential to the 
maintenance of a bare minimum.  Would we care enough for posterity to pay the 
price of its survival?  I doubt it. ... Why should I lift a finger to affect events that will 
have no more meaning for me 75 years after my death than those that happened 75 
years before I was born?  There is no rational answer to that terrible question." 66 
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However, as Heilbroner well understood, the relationship between 

present and future humankind is not subject to purely logical 

considerations, but is instead a matter of ethics.   Based on ENL's ethical 
principle, the framework asserts that, while the present must utilize nature 

so as to maximize its own health, it must also protect nature so that future 

humankind can maximize its health in turn.  This commitment to 

intergenerational equity is the basis for ENL's treatment of ecological 

constraints.  To use Heilbroner's formulation, ENL assumes that those who 

apply the framework care enough for posterity to pay the price of its 
survival. 

To state the obvious, present humankind refers to people who are now 

alive, and future humankind refers to people who will be alive in the future.  

There is a wrinkle, however.  The future refers not only to the long term, 

but to the short term as well.  Future humankind thus includes present 

human beings to the extent that they will be alive in the near-term future.  
The real significance of the distinction is that present humankind makes 

economic decisions, whereas future humankind will experience the 

ecological and other consequences of those decisions.  With the choices we 

make today we can enhance or degrade our own lives as well as those of 

our children, our grandchildren, and our more distant descendants. 

The extent to which the present and future are linked can easily be 
underestimated.  Present health benefits not only those now living, but 

future human beings as well.  Future generations are not spawned from 

thin air, but issue from the bodies of those who are now alive.  If the 

current generation does not adequately meet its own needs, it will impair 

both its own health and the health of future generations.  This 

physiological link has recently been established in a most disturbing way: 

"Sperm defects caused by exposure to environmental toxins can be passed down the 
generations, research suggests. Scientists say fathers who smoke and drink should 
be aware they are potentially not just damaging themselves, but also their heirs. 
Tests on rats showed sperm damage caused by exposure to garden chemicals 
remained up to four generations later." 67 
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What this implies is that the maximization of health is not just a right 

the present can claim for its own sake, it is also an obligation it must fulfill 

for the sake of those yet unborn. 
The Heilbroner quote above reflects a negative view on the future, but 

positive views also abound.  It is highly encouraging that these can be 

found across the political spectrum.  In fact, one of the most eloquent 

expressions of the social bond between generations comes not from a 

present-day environmentalist, but from the traditional conservatism of 

Edmund Burke.  Writing over 200 years ago, he said: 

"Society is indeed a contract. ... It is a partnership in science; a partnership in all art; a 
partnership in every virtue, and in all perfection.  As the ends of such a partnership 
cannot be obtained in many generations, it becomes a partnership not only 
between those who are living, but [also] between those who are living, those who 
are dead, and those who [yet] are to be born." 68 

This sense of partnership across the generations - we benefit from the 

past just as the future will benefit from us - is the essence of ecological 
responsibility and deeply informs ENL's environmental approach. 

Environmental Budgets 

A typical family has a financial budget for what it can spend each 

month.  Such a budget depends largely on its income, and is usually divided 

into expenditure categories: so much for mortgage or rent, so much for 

food, so much for entertainment, etc.  An economy is similar: it has an 

environmental budget for each biological flow that it requires for its 

activities.  Just as a family budget specifies how much can be spent on 
particular items without risking financial ruin, an environmental budget 

specifies how much of a biological flow the economy can use without 

risking ecological ruin.  Because only the physical sciences can determine 
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when such points are reached, establishing environmental budgets is 

largely a scientific rather than an economic matter. 

If the analyst chooses regional scope, and if a biological flow impacts 
the economy's geographical area exclusively, then its budgets derive from 

the natural characteristics of that area.  For example, if local industries 

pollute regional waterways without spillover into other areas, then the 

regional economy can independently establish environmental budgets for 

these pollutants, based on the natural characteristics of its estuaries, lakes, 

and rivers.  However, if a flow spills over the region's boundaries and 
impacts the global environment, the budget must be established through a 

political process such as those that resulted in the Montreal protocol on 

ozone-depleting substances (1987) and the Paris agreement on greenhouse 

gas emissions (2015).  If the analyst chooses global scope, the budgets are 

derived from the global environment, so no spillover is possible. 

A broad consensus exists among environmental thinkers with respect to 
sustainable limits for two of the three biological flows - renewables and 

wastes.  A typical formulation is the following statement by ecological 

economist Herman Daly, as quoted by the authors of Limits to Growth: The 

30-Year Update: 

"For a renewable resource - soil, water, forest, fish - the sustainable rate of use can 
be no greater than the rate of regeneration of its source. ... For a pollutant [i.e., 
waste] the sustainable rate of emission can be no greater than the rate at which 
that pollutant can be recycled, absorbed, or rendered harmless in its sink." 69 

The limits for these flow categories have a firm biological foundation 

and have therefore been adopted by ENL. 
Daly does not offer a guideline for the maximum rate of habitat 

destruction, so the authors provide their own.  They reject species 

extinction as the criterion because the number of species is unknown and 

the extinction rate is extremely difficult to pin down.  Their suggested 

method is one that has been developed by the World Wide Fund for Nature 
(WWF): 
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"Instead of tracking the decline in the number of species, the WWF tracks the 
population sizes of a large number of different species.  These trends are then 
averaged to obtain a quantitative estimate of the change over time in the 
population of a 'typical' species." 70 

More specifically, the WWF tracks 695 land-based species.  Of these, 

562 are in temperate zones and 150 in tropical zones.  The population index 

shows that terrestrial species declined by an average of 30% between 1970 
and 2003, although these declines occurred almost exclusively among 

tropical species.  For marine species, the WWF tracks the trends in 1,112 

populations of 274 species.  These populations show an average 25% 

decline between 1970 and 2003, concentrated mostly in the Indian, 

Southeast Asian, and Southern Oceans.71 Using the term "species decline" 

to mean a measurable population decrease for a typical species as 
estimated by this method, ENL's limit for habitat destruction is the level at 

which species decline is initiated. 

These restrictions on the three biological flows have a common element: 

the effects of economic activities are not permitted to accumulate in the 

environment to cause escalating effects.  If a renewable resource is 

harvested at or below its regeneration rate, the resource will remain at a 
more or less stable level, and humankind's impact on the resource will not 

accrue over time.  If expelled wastes can be safely absorbed by the 

environment, they will not build to concentrations that are dangerous to 

life: there is again no steadily increasing impact that could trigger 

threshold effects and precipitate an ecological crisis.  Finally, limiting 

habitat destruction below a level that causes species decline will permit 
existing species to survive until they are eliminated through natural 

processes.  This non-growing, non-accumulating human impact on nature 

is the essence of ENL's interpretation of the term "sustainability". 

Aside from wastes that spill over regional boundaries, the other 

complicating issue for environmental budgets is trade.  The question is 
this: if an output is produced in region A and then exported to region B, 

which region should be charged for the natural flows used in its 

production?  Unfortunately, there is no obvious answer to this question.  



 CHAPTER 5 – ENVIRONMENTAL LIMITS 

THE ECONOMICS OF NEEDS AND LIMITS 127 

The principle currently used by ENL is that an economy is responsible for 

the economic activities that occur within its boundaries. In the example 

cited, the environmental budgets of economy A are charged with the 
natural flows incurred during the output's production, but the 

environmental budgets of economy B are charged with the natural flows 

incurred during the output’s consumption, maintenance, and disposal (on 

the assumption that disposal occurs within economy B).  Similarly, 

economies that participate in resource extraction and the production of 

intermediate outputs are charged with the natural flows associated with 
those activities.  This approach ascribes the environmental impacts of 

economic activities to those most directly responsible for them.  It is thus 

to some degree fair and provides an incentive for efficiency improvements. 

Nevertheless, there are good reasons to consider an alternative 

approach, as can be seen from a perceptive article that appeared in the 

Boston Globe: 

"The West has worked long and hard to transform China into what it is today: an 
industrial platform for the world where some of the most noxious, occupationally 
hazardous production processes are concentrated.  Western governments and 
corporations have not only benefited, but have helped lead China down this road of 
energy-intensive, environmentally destructive development with resulting rapid 
increases in greenhouse gas emissions.  In addition, Western consumers have 
directly profited from the inexpensive products that pour from China’s factories." 72 

Given this consequence of capitalist globalization, it might be better to 
split the production-associated natural flows between the exporter and the 

importer.  If a sustainable economy had to absorb 50% of China's pollution 

effects when importing goods from that country, the trade relationship 

would be significantly altered, and the Chinese economy might gradually 

become more balanced and less exploitive. 

Consistent with its budgetary approach to ecological limits, ENL refers 
to an economy's biological flows as environmental expenditures, not as 

environmental costs.  As noted previously, value and cost apply exclusively 

to the human domain and thus have no bearing on the environmental 
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sphere.  Natural cost, you will recall, refers to the damage done to human 

beings through the environmental effects of production; it does not refer to 

environmental damage itself.  ENL's interpretation of an informal 
expression like "high environmental cost" is that the economic activity in 

question entails significant expenditures of the economy's environmental 

budgets, and possibly significant depletion of the area’s nonrenewable 

resources. 

Budget Shares and Share Limits 

Once an economy's budget for a biological flow has been scientifically or 

politically established, the budgeted amount must be allotted to the final 

outputs that require the flow in their life cycles.  Each such allotment is 
called a budget share.  The question is: how should these budget shares be 

determined? 

To frame this question using a simple example, consider the case where 

the budget is 100 units of a particular pollutant, and four outputs 

unavoidably expel this pollutant in their life cycles.  What is a rational basis 

for establishing the budget shares for these four outputs?  The most 
obvious choice is to divide the budget evenly by allotting 25 units of the 

pollutant to each.  However, this makes little sense from the ENL 

perspective.  One of the outputs may be able to achieve a great deal of 

health, while another may be able to achieve very little.  Some may even 

result in negative health.  If our objective is to maximize a society's overall 

health, an environmental budget should not be divided evenly or 
arbitrarily, but strictly on the basis of an output's health-generating 

potential. 

For this reason, ENL’s method is to allot the next unit of a biological 

flow to the output that will achieve the greatest incremental health benefit.  

The size of this unit is a matter of convenience and will likely differ for 

each flow.  To illustrate, let me continue with the above example.  The four 
outputs are called A, B, C, and D, and the output quantity for each is 

currently zero.  When the first unit of A is consumed, it is expected to 
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achieve the highest marginal gains of the four outputs.  The first unit of B 

is expected to achieve the second-highest marginal gains, etc. 

Clearly, the initial unit of the pollutant should be allotted to output A.  
In fact, the pollutant should continue to be allotted to A until its marginal 

gains have decreased to those of B.  After this the pollutant should be 

allotted to A and B equally, up to the point where their marginal gains have 

decreased to those of C.  Then the pollutant should be allotted to A, B, and 

C equally, until their marginal gains have decreased to those of D.  Finally, 

the pollutant should be allotted equally to all four outputs until the budget 
of 100 pollutant units is fully exhausted. 

This method of equalizing marginal effects, which is well-known in 

standard economics, ensures that the greatest health gains will be 

squeezed from the waste in question.  I should add that the method also 

applies to allocation in general: the next unit of an input should be 

allocated to the output that, at its current quantity, will achieve the 
greatest marginal gains.  The method is general, powerful, and works 

whenever we must choose rationally among multiple alternatives.  It 

should also be noted that the allotment of renewable resources is precisely 

the same as their allocation.   Allocation means the assignment of inputs to 

the production of outputs, which means that the allotment method just 

described is congruent with their allocation method. 
ENL’s approach to environmental budgets and the allotment of budget 

shares is summarized in figure 5-1. 
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In this highly simplified picture, the economy requires three biological 
flows, and therefore has three environmental budgets.  The budget for the 

second flow is divided into four budget shares, corresponding to the four 

outputs that require this flow.  As explained above, the division of these 

shares is done on the basis of the relative health-generating capacities of 

the outputs at the margin.  This allotment method results in the maximum 

amount of health that the economy can achieve from utilizing this flow at 
the budgeted rate. 

It should be emphasized that a budget share pertains to the final 

output's entire life cycle.  The effectual value from the consumption of a 

final output is not achieved in isolation, but requires all stages before and 

after consumption.  The flows required for all these economic activities 

must therefore be totaled in order to determine the final output's overall 
flow requirement. 

We now have to shift our attention from a specific flow to a specific 

output.  Our initial task, after all, is to determine an output's ecological 

limit.  The practical consequence of assigning a budget share to an output 

is that this indirectly sets the maximum quantity for its production.  Once 
an output has exhausted its budget share by using its entire allotted flow, it 
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has reached its share limit for this flow.  To safeguard the environment, 

production must stop at this output quantity.  However, this is obviously 

not the whole story.  Each output will typically have not one but many 
biological flows associated with it.  Imagine any output - a cup, a book, a 

set of skis - and consider the numerous natural impacts each has during its 

life cycle, from resource extraction to disposal.  A typical output thus has 

multiple share limits associated with it.  The next question to be answered 

is therefore: What is the relationship among these share limits in setting 

the ecological limit for an output's production? 

Ecological Limit – Single Output 

Based on ENL's ethical stance towards future humankind, an economy 
must respect all of its environmental budgets, without exception.  This 

means that an output cannot contribute to the violation of any of the 

economy's budgets.  This in turn implies that, once an output has 

exhausted the first budget share it encounters as its production increases, 

any further increase in output quantity is prohibited.  That is, the 

ecological limit for a final output is the lowest of its associated share 
limits.  See figure 5-2. 
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The output depicted here requires three biological flows, and therefore 

has three budget shares.  Based on the economic conditions associated with 

the output's life cycle, these shares are exhausted at the share limits 

shown.  The lowest of these three - share limit #1 - is the output's 

ecological limit.  Unless conditions change, the output's production cannot 

exceed this quantity.  If conditions anywhere in the output's life cycle do 
change and flow #1 is no longer required, or if this share limit shifts 

significantly to the right, share limit #2 will become the new ecological 

limit and thus the new maximum allowable output quantity.  This applies 

to each share limit in turn, until the last biological flow required by the 

output has been taken into account. 

To allow the reader to review the above thinking about budgets, shares, 
and limits, let me run through it again, this time using a concrete example.  

As in the last chapter, I will repeat some ideas and use simplified 

terminology. 

At one point in my life I ran a small house-framing business, so I will 

use houses as the final output.  The houses I have in mind are constructed 

of wood and are of standard size and features.  Because wood is a 
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renewable resource, the economy will have a budget for wood utilization - 

that is, for the flow of wood into the economy.  Extracting wood from 

forests causes habitat destruction, which is subject to a second budget.  
Let's confine ourselves to these two budgets and see how they determine 

the ecological limit for house production. 

Like anyone with a budget and responsibilities, we have to think like 

wise managers.  Take the wood budget first.  We can spend this entirely on 

a specific output, such as guitars, chopsticks (the non-plastic kind), dining 

room furniture, or baseball bats.  However, given ENL's goal, we should 
utilize our budget in such a manner that the health of our society is 

maximized.  Using it all for baseball bats, or even for houses, is probably 

not the best way to achieve this. 

What should guide our spending decisions are the gains discussed in the 

last chapter.  The simplest approach is to assign each unit of wood to the 

output that can, under current conditions, achieve the greatest health 
gains.  Thus, if houses currently have a higher health potential than 

guitars, chopsticks, and furniture, the next unit of wood should be assigned 

to houses.  Assume that the same is true for the next 100 units.  At this 

point, enough houses have been built, and it turns out that the next unit of 

wood should be assigned to furniture.  Then perhaps the wood should go to 

guitars, and finally to chopsticks.  With this approach, each output receives 
its "fair" share, where fairness is judged by its incremental contribution to 

society's aggregate health. 

Let's assume that, when this allotment method is applied, house 

builders are permitted to use 40% of our society's wood budget, and with 

this wood they are able to construct 25,000 houses.  This output quantity is 

therefore the first share limit for houses. 
Now let's shift our attention to the second budget - forest habitat 

destruction.  If we assume for simplicity that wood extraction is the only 

reason our economy destroys forest habitat, then the outputs mentioned 

above will have no competition for this privilege, and houses will again 

receive 40% of the budget.  However, it may turn out that the habitat 

budget is considerably "smaller" than the wood budget, in the sense that 
only 15,000 houses can be built by exhausting this budget share.  In this 
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situation we therefore have two share limits for houses - 15,000 units and 

25,000 units.  Which of these should apply? 

ENL's goal is sustainable well-being.  This means that well-being must 
be achieved within ecological constraints.  Building more than 15,000 

houses would cause this output to exceed its budget share for habitat 

destruction, which could very well cause our economy as a whole to exceed 

its budget for this flow.  This is unsustainable, and the limit of 15,000 

houses thus applies.  Given the scenario presented here, this quantity must 

be accepted as the ecological limit for house construction. 
To summarize: because of the potentially disastrous consequences of 

overexploiting a biological flow, ENL takes the precautionary stance of 

choosing the lowest share limit to set the maximum quantity for an 

output’s production.  This share limit is called the output's ecological limit. 

Ecological Limit - Economy 

When dealing with an economy's total outputs, recall ENL's approach: 

the output mix remains the same, and the economy's scale changes by 

increasing and decreasing this fixed output combination.  With this point 
in mind, ecological constraints apply to an economy's total outputs in 

much the same way as they do to a single output.  The only difference is 

that the constraints are based on environmental budgets as a whole instead 

of individual budget shares. 

When an economy's scale increases, it will eventually exhaust an 

environmental budget.  The scale at this point is called the economy's 
budget limit with respect to this flow.  Because numerous outputs are 

produced by an economy, it will have numerous budgets and budget limits.  

The budget limit that is currently associated with the lowest economic 

scale establishes the economy's maximum allowable scale, and is therefore 

the economy's ecological limit.  See figure 5-3. 
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As this economy increases in scale, its total outputs will sooner or later 

exhaust the economy's first budget limit, which is the economy's current 

ecological limit.  Scale cannot increase beyond this point unless the flow is 

no longer used or the budget limit is increased, as with share limits for 

individual outputs.   If this should happen, the second budget limit will set 

the ecological limit, and so forth. 
It should be noted that the violation of an economy's ecological limit is 

essentially a local version of global overshoot.  This helps explain our 

actual situation: global overshoot has occurred because numerous rich 

countries have drastically overstepped the ecological limits of their 

economies. 
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Target Output Quantity 

Let me continue with the house example and establish what has been 

informally called an output's rational quantity.  Recall that houses have 

two share limits - 15,000 units and 25,000 units - and that 15,000 units 

was therefore the ecological limit.  Assume that, by applying our method 
for maximizing gains, we determine that the optimum quantity for houses 

is 40,000.  Houses therefore have an ecological limit of 15,000 and an 

economic limit of 40,000. 

We know that, if more than 15,000 houses are built, we will potentially 

cause our economy to exceed its budget for forest habitat destruction.  This 

is therefore the quantity for which our economy should aim.  But what 
would happen if conditions change and the ecological limit for houses 

increases to 60,000?  In that case the output quantity could rationally rise 

to the optimum quantity of 40,000, but no further.  Even though we are 

now "permitted" on ecological grounds to produce 60,000 houses, we 

should nevertheless aim for the economic limit of 40,000 houses. 

Generalizing from this example, the rules for setting an output's 
"rational" quantity are the following: 

1. If the output’s ecological limit is lower than its optimum 

quantity, the ecological limit should be chosen because a higher 

output level is unsustainable. 

2. If the output’s optimum quantity is lower than its ecological 

limit, the optimum quantity should be chosen because a higher 
output level will result in health losses. 

The term used in ENL to designate the lower of these two limits is the 

final output's target quantity.  This output level is rational in a sense that 

it precisely reflects ENL's ethical principle: it maximizes the health of 

present humankind while maintaining the natural conditions for the health 

of future humankind.  By combining the methods for maximizing human 
gains and respecting environmental constraints, this result identifies the 

unique quantity that an economy should strive for with regard to each 
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output it produces.  Figure 5-4 depicts the case where the ecological limit 

is the lower of the two limits. 

 

In this situation output quantity should increase to, but not beyond, the 

ecological limit.  If production is lower than this, some potential health will 

not be realized for present humankind, thus hurting both present and 

future generations.  If production is higher than this, we risk 

environmental degradation, thus undercutting the basis for future health.  

The output's target quantity (Q t) is therefore its ecological limit. 

The second possibility is that the optimum quantity is lower than the 

ecological limit.  This is shown in figure 5-5. 
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In this case production should increase to, but not beyond, the output's 

optimum quantity.   If production is lower than this, present health will not 

be maximized.  If production is higher we will initially incur losses, and we 

will eventually risk future health if the ecological limit is exceeded.  The 
output's target quantity in this situation is therefore its optimum quantity, 

or economic limit. 

The same reasoning can be applied to an economy's total outputs, thus 

giving us the economy's target scale.  As stated earlier, the concept of 

economic scale fails to discriminate among outputs according to their 

health effects, and this target should thus be considered an immediate 
rather than an ultimate objective.  If practical circumstances prevent us 

from dealing with each output individually, the next best approach is to 

move the economy's current scale to its target scale, thereby maximizing 

our society's health under prevailing conditions. 

In chapter four it was pointed out that optimization must be considered 
both in the short run, when value and cost remain fixed, and over the long 

run, when these factors can change.  This applies here as well.  In figure 5-

5, for example, reduced output maldistribution will shift the effectual value 
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curve up and the optimum quantity to the right.  This will increase the 

target quantity until the ecological limit is encountered.  Reduced 

maldistribution for labor or wastes will shift the input cost curve down, 
again moving optimum quantity to the right and increasing the target 

quantity. 

Ecological Efficiency 

Ecological efficiency measures the success of economic activities in 

minimizing a required natural flow.  The concept is introduced here 

because a change in ecological efficiencies can shift budget limits and share 

limits, and thus ecological limits and target quantities.  Note that, although 

the limits we have been discussing are based on biological flows, ecological 
efficiency applies to all natural flows, and can therefore be specified for 

nonrenewables as well. 

Ecological efficiency (EE) is the relationship between a natural flow and 

its associated output, and is expressed as a ratio: the output's quantity 

divided by the amount of the flow used: 

EE = Q/flow 

If an output incorporates multiple natural flows, it will have multiple 

ecological efficiencies associated with it. 

Because ecological efficiency excludes any consideration of health, it is 

relevant to economic activities in general, and can therefore be applied to 

any stage of the output life cycle.  For instance, even though a printing 

press is an intermediate output and thus lacks potential value, we can 
calculate the ecological efficiencies for the natural flows used in its 

production.  The same is true for the fuel consumption of an airplane and 

similar situations. 

Note that ecological efficiency is a ratio of mixed dimensions.  The 

numerator is an output quantity, and the denominator is a natural flow.  

The following are three examples of such ratios: 
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 One house/Board feet of lumber 

 One construction beam/Pounds of iron 

 1,000 hours of consulting services/Kilograms of greenhouse gases 

The mixed nature of this ratio means that ecological efficiencies are 

commensurable only if the outputs and natural flows are of the same types.  

For example, it is possible to compare the ecological efficiencies of two 

house-building methods by citing how many board feet of lumber each 

requires for a standard-size house.  However, it is not possible to compare 

these ecological efficiencies with those for the construction of a 
commercial building that uses steel. 

The effects of changes in ecological efficiencies on share limits (for a 

single final output) and budget limits (for the economy as a whole) are 

depicted in figure 5-6. 

 

Consider a single output first.  If ecological efficiency rises for a 

biological flow, less of the flow is required per unit of output, which means 
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that more of the output can be produced within its budget share.  The 

output’s associated share limit thus increases - that is, it shifts to the 

right.  If this share limit is also the ecological limit, the ecological limit 
increases.  If the ecological limit is also the target quantity, the target 

quantity increases as well.  The reverse sequence applies if ecological 

efficiency falls. 

For an economy's total outputs, a rise in ecological efficiency means 

that the associated budget limit shifts to the right.  If ecological efficiency 

falls, the budget limit shifts to the left.  The impacts on the ecological limit 
and target scale are parallel to those for a single output. 

Ecological efficiencies can be illustrated by returning to the house 

example.  If we stop clearcut logging and choose a more environmentally 

benign method of harvesting wood, habitat destruction per unit of wood 

will decrease.  This will constitute an increase in ecological efficiency for 

this flow, and will permit us to extract more wood and thus to build more 
houses.  If we are sufficiently successful in reducing habitat destruction, 

the ecological limit will shift to the wood budget.  If this occurs, our 

efficiency efforts should be redirected - we should now focus on using less 

wood per house, building smaller houses, emphasizing multiple-occupancy 

residences over single-family houses, or perhaps moving away from wood 

to a construction material with less environmental impact.  Efforts such as 
this will continually shift the ecological limit to the next higher share limit, 

until the ecological limit is higher than the optimum quantity and we can 

rationally produce up to the output's economic limit. 

A few additional points should be made about ecological efficiencies: 

First, if an output is recycled rather than discarded, some of the natural 

resources it contains will be recovered.  This will effectively reduce the 
natural flow requirement per unit of output quantity.  Recycling is thus one 

way to increase ecological efficiency. 

Second, ecological efficiency applies not only to scarce resources (those 

obtained through economic production, such as metals and oil), but also to 

resources that are widely available without production, such as air, 

sunlight, and water.  For example, a solar panel that uses less sunlight per 
unit of electricity is more ecologically efficient than one that uses more, 
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even though sunlight is not the result of production.  The same can be said 

for a windmill with respect to wind requirements. The unconditional 

maximization of ecological efficiencies is necessary if we are to delay the 
onset of scarcity, thus postponing the day when painful choices must be 

made with respect to resource allocation. 

Third, an increase in ecological efficiencies will typically lower natural 

cost.  If less of a pollutant is generated per unit of output, the human 

damage from this production will likely be reduced as well.  Of course this 

reduced cost can easily be negated by an increase in output quantity.  This 
is called the rebound effect or Jevons paradox, and arises when people 

consume more of the same output with the money they save from higher 

efficiencies.  Although this is always a potential danger, it should not be a 

major issue for an ENL-guided economy. 

ENL’s definition of ecological efficiency is strongly reminiscent of the 

well-known “IPAT” equation.  This was developed in the 1970s during 
debates about the factors involved in ecological impact.  Written out in full, 

the formula is this: 

Impact = Population * Affluence * Technology 

This means that the level of ecological impact is determined by 

population, affluence (per capita consumption), and the level of 

technology.  If we interpret the latter as efficiency, it will be the 
denominator.  The formula then becomes: 

I = PA/T 

That is, ecological impact rises if population increases or per capita 

consumption increases; it drops if efficiency increases.  Compare this to 

ENL’s formula for ecological efficiency: EE = Q/flow.  Rearranging this 

results in: 

Flow = Q/EE 

The terms in these two formulas are equivalent: ecological impact is the 

result of natural flows, population multiplied by affluence results in output 



 CHAPTER 5 – ENVIRONMENTAL LIMITS 

THE ECONOMICS OF NEEDS AND LIMITS 143 

quantity, and efficiency is ecological efficiency.  The formulas are thus 

consistent with each other, reflecting the fact that they are different 

approaches to the same underlying issues.  From this brief discussion it 
should be clear that the IPAT formula, when interpreted in ENL terms, is a 

powerful tool for reducing ecological impact, and thus for reversing our 

perilous overshoot condition. 

ENL's Four Efficiency Measures 

Because ecological efficiency is the last of ENL's four efficiency 

measures, this is a good spot to review these measures and to place them in 

the context of the overall economic process.  See figure 5-7. 

 

The process begins at the left with the natural flows: habitat 

destruction, the utilization of renewables, the expulsion of wastes, and the 

utilization of nonrenewables.  As just discussed, ecological efficiency is 
used to measure the economy's success in minimizing these flows in order 

to protect the environment and to minimize the depletion of nonrenewable 

resources. 

The next stage is production, where one important aim is to maximize 

potential gains: the difference between the output's initial potential value 
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(PVi) and the input cost incurred in production.  Another critical objective is 

to minimize the input quantities used in the production process.  This will 

either reduce natural flows or permit some inputs to be used in the 
production of other outputs.  These aims are captured by production 

efficiency. 

Following production is the output's movement from the point of 

production to the act of consumption.  This includes shipping, 

warehousing, and storage in stores and consumers' homes.  The objective 

here is to minimize lost potential value by preventing the output's 
destruction and degradation as much as possible.  The economy's success 

in achieving this end is indicated by PV efficiency: the ratio of final 

potential value to initial potential value. 

The last stage is consumption itself.  Here the goal is to maximize the 

effectual value, or health, that is extracted from final potential value.  This 

maximization can be gauged from EV efficiency, which is the ratio of these 
two factors.  EV efficiency is maximized when consumption is complete 

and satiation is minimized by avoiding output maldistribution. 

Authorization of Wants 

In chapter two I said that wants - consumption desires that do not 

increase health when they are satisfied - would be addressed after 

environmental limits were covered.   The latter has now been done, so the 

time has come to explore this topic. 

The first thing to note is that wants are potentially catastrophic for the 
environment.  Need satisfaction is limited by the physical constitution of 

the human body, but want satisfaction is limited only by the mind and 

imagination.  Thus, as ecological economist Herman Daly said in Steady-

State Economics, "... there is a tendency for the scale of activity devoted to 

satisfying them continually to expand." 73  A sustainable society must 

therefore find a way to keep want satisfaction within environmental limits 
while maximizing this subjective component of well-being.  This means it 
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must establish criteria for authorizing some wants and rejecting others.  

These criteria are my primary topic here. 

I should repeat a point made in chapter two: standard economics fails to 
distinguish between needs and wants, and instead treats all consumption 

desires as wants.  (Thus a Toyota ad from a few years ago: "What you want 

is what you need.")  This approach was acceptable during the early stages 

of capitalist expansion, when the environment was relatively unstressed 

and powerful consumption desires could be harnessed to rapidly expand 

production.  Under current conditions of ecological overshoot and high 
production levels, however, it is completely irrational and must be quickly 

superseded. 

Two more preliminary points must be made before I proceed.  First, 

want satisfaction refers to the increase in well-being achieved when an 

unmanipulated want is satisfied.  What this means is that the wants must 

arise from genuine consumption desires and not from advertising, peer 
pressures, and the like.  During the transition to sustainability such 

influences will likely remain strong, so every effort must be made to get 

beyond them in order to expose the authentic human wants that lie 

beneath.  Second, ENL makes no moral judgments about the kinds of 

outputs desired.  If people want sex robots and fattening foods, then they 

should get sex robots and fattening foods.  The health criterion applies to 
needs only, and the only moral judgments made by the framework are 

those that follow from its ethical principle: all human beings, present and 

future, are of high and equal worth. 

The distinguishing feature of a want-satisfying output is that its 

potential value is zero, which means that the effectual value resulting from 

its consumption is zero as well.  These two forms of value are therefore 
excluded from the present discussion.  The three relevant factors in this 

context are: 

1. The degree of want satisfaction (WS) potentially achieved; 

2. The input cost incurred in production; 

3. The economy's ecological limit. 

The broad idea is that, once a society's needs have been met, a want-
satisfying output should be produced only if it achieves a high degree of 
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want satisfaction, if its input cost is low, and if the economy has not yet 

reached its ecological limit.  In formalizing this idea, the first two factors 

are combined into a satisfaction score: the ratio between the output's want 
satisfaction and input cost: 

Satisfaction score = Want satisfaction/input cost 

Score = WS/IC 

Estimating the degree of want satisfaction is discussed below.  For now, 

assume this has been done and note how this definition can be employed in 

a useful graph: 

 

To determine which outputs should be authorized, the satisfaction score 

for each output is determined.  The outputs are then ranked from highest 

to lowest, as shown by the downward-sloping line.  Only those outputs that 

are within the economy's ecological limit should be authorized.  The rest 
should be rejected as environmentally dangerous production.  If this 
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procedure is followed, want satisfaction will be sustainably maximized 

while health losses due to labor cost and natural cost will be minimized. 

Let me underscore that want authorization is possible only if the 
economy has not yet reached its ecological limit - that is, if ecological space 

exists for want-satisfying production.  If this space is absent, production 

must be restricted to need-satisfying outputs.  Today, in the rich countries, 

this restriction is blatantly disregarded.  The overshoot crisis is rooted in 

the fact that these economies all engage in radically unsustainable 

production to satisfy highly manipulated wants. 
The trickiest aspect of this method - or of any method that addresses 

wants - is to reliably determine the aggregate degree of want satisfaction.  

Unlike a health increase, which can be objectively assessed, want 

satisfaction is subjective - that is, internal to the consumer.  Given the 

differences among cultures and people, this means that every society must 

decide, based on its own standards and perceptions, how this 
determination will be done.  The following are some indicators that might 

be employed for this purpose: 

 Market behavior - This is the standard approach, and it has some 

merit.  If people are willing to spend hard-earned cash for an output, 
they clearly desire it.  Although ENL downplays market behavior 

because people differ widely in income and wealth, noting this 

behavior as one of several indicators of want satisfaction is acceptable. 

 Surveys - Especially for those with meager financial resources, simply 
ask them which outputs would satisfy their wants. 

 Historical behavior - If human beings at different times and places 

have shown a clear propensity to consume certain types of outputs 
(meat, alcohol, entertainment, etc.), these wants are probably deep-

seated and apply here and now as well. 

 Experimental economics - Test consumer responses in a formal 

experimental setting to determine which outputs are desired, and to 
what degree. 
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 Neuroscience - This is somewhat extreme, but it might be possible to 
monitor the neurological responses of experimental subjects to 

various types of existing and prospective outputs.  This would provide 

an objective basis for judging subjective reactions and might help 

circumvent the various manipulations that distort genuine wants. 
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CHAPTER 6  
POPULATION 

hapter four addressed the maximization of gains without 

considering the environment or allowing the population level to 

vary.  Chapter five took environmental limits into account, but the 

assumption of a fixed population was retained.  This assumption is now 

dropped in order to examine the effects of population changes on the 

achievement of sustainable well-being. 
Before proceeding I would like to clarify ENL's overall perspective on 

population: the framework does not seek to maximize aggregate health, but 

rather the lived experience of individual health. 

Are More People Better? 

From the purely economic perspective, are more people better than 

fewer people?  Imagine a society with a population of 5 million, who 

achieve an average ING (individual net gains) of 50 health units per day.  
Over time, the population doubles to 10 million people.  Economic 

conditions remain the same, so the average ING stays at 50 units per day.  

However, the social health aggregate has doubled from 250 million to 500 

million units per day.  Is this more populous society in some sense better 

off than the original one? 

C 
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According to many economic thinkers through history, the answer is an 

emphatic "yes".  Economic historian Joseph Schumpeter points out that, 

"With rare exceptions [economists] were enthusiastic about 'populousness' and 
rapid increase in numbers.  In fact, until the middle of the 18th century, they were as 
nearly unanimous in this 'populationist' attitude as they have ever been in 
anything.  A numerous and increasing population was the most important 
symptom of wealth; it was the chief cause of wealth; it was wealth itself - the 
greatest asset for any nation to have." 74 

This longstanding attitude ignores both the ecological dangers of 

excessive population levels and the concrete facts of people's lives, 

especially the poor.  For the most part, people experience their individual 

states, not social aggregates.  People who are going hungry will hardly 

rejoice that the aggregate health of their society has increased because its 

population has multiplied.  What matters to them is whether they and their 
families have enough to eat and a decent place to live.  From the 

perspective of lived experience, population - or any other aggregate - is an 

abstract and largely meaningless notion. 

Although other factors were undoubtedly at play, a major driving force 

for higher populations over the past several centuries has been the 

economic logic of capitalism.  The system requires a growing number of 
people both as workers and as consumers to maintain profits at an 

acceptable level.75  Much of the enthusiasm for expanding populations 

among conventional thinkers clearly derives from this fact. 

Based on these considerations, ENL's goal of sustainable well-being 

refers to the maximization of average individual health rather than the 
maximization of aggregate health.  To achieve this end it is frequently 

necessary to deal with social aggregates, but these aggregates themselves 

are not the goal.  Thus, a higher population that achieves nothing more 

than an increase in total health does not constitute economic progress.  

Progress is achieved only when average ING rises in a sustainable manner.  

In other words, ENL does not recognize population increase as an end in 
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itself, but rather as a means to the end of maximum individual well-being 

for all members of a society. 

Let me now proceed to the determination of a society's target 
population.  The procedure is similar to that for a single output or a 

society's total outputs: find the optimum level and the ecological limit, and 

choose the lower of the two.  I begin with a population's optimum level. 

Optimum Population Level 

Try this thought experiment: You and few dozen fellow adventurers 

have decided to establish a new society on an unpopulated island.  The 

island is large, and environmental limits are not an immediate concern.  If 

your only objective is to maximize the average ING of this society's 
members, at what point will you stop the growth of its population?  That is, 

what would you consider to be the optimum population for your island? 

Although a rigorous definition of "optimal population" is difficult to 

formulate, it is reasonable to state that a population is too low if a society 

does not have sufficient opportunities for cooperation, specialization, and 

exchange to permit average ING to reach its maximum attainable level.  
Conversely, population is too high if these opportunities have been largely 

exhausted and the increases in crowding and stress cause average ING to 

decline. 

Many standard economists have adopted a similar perspective.  The 

following explanation by Robert Solow, the 1987 Nobel Prize winner in 

economics, is typical: 

"We all know the bad consequences of too large a population: crowding, congestion, 
excessive pollution, the disappearance of open space - that is why the curve of 
average well-being eventually turns down at large population sizes.  Why does the 
curve ever climb to a peak in the first place?  The generic reason is what economists 
call economies of scale, because it takes a population of a certain size and density to 
support an efficient chemical industry, or publishing industry, or symphony 
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orchestra, or engineering university, or airline, or computer hardware and software 
industry ... ." 76 

ENL calls such factors scale effects, and defines the optimum 
population as the level where the health benefits from increased 

population have been exhausted, and where average ING has thus reached 

its peak before stabilizing and declining.  In ENL terms, scale effects arise 

because they improve economic conditions.  In other words, a rising 

population can, through specialization and exchange, lead to higher 
potential value and effectual value, and to lower input costs.  The value and 

cost curves in this situation will therefore shift outward, as in the long-run 

optimization shown in figure 4-8.  These outward shifts, insofar as they 

reflect an increase in per capita gains, constitute a rising average ING. 

But this is clearly not the entire story.  As a standard thinker attuned to 

capitalist realities, Solow assumes that a society must be technologically 
sophisticated, and will therefore require a chemical industry and an 

engineering university.  ENL, on the other hand, subscribes to 

technological neutrality.  In this context the choice of technological 

complexity is not automatic, but must be made consciously by a society's 

members. 

In the island example, people must first determine what kind of society 
they are trying to form.  Do they want one that is simple and close to 

nature, or one that is complex and less attuned to the natural world?  If the 

group decides that technological complexity should be low, then a 

relatively low population will provide adequate opportunities for 

cooperation, specialization, and so forth.   If it decides that technological 

complexity should be high, then a relatively high population will be 
required for these purposes.  Figure 6-1 depicts the difference. 
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This graph is somewhat different from previous graphs.  The horizontal 
axis represents the population level while the vertical axis represents a 

society's average ING, which is measured in total rather than marginal 

units.  We are thus tracking changes in average ING as population 

increases. 

The rate at which the curve rises depends on the society's chosen level 

of technological complexity.  A technologically simple society will quickly 
reach its optimum population level because relatively few people are 

required to develop and operate such an economy.  The curve will therefore 

rise steeply before stabilizing.  A complex society will reach its optimum 

population level more slowly because of population scale factors, and the 

curve will therefore rise more gradually to its optimum point. 

A critical point is this: aside from the increase in average ING, there is no 
reason within ENL's analytical scope for a population level to rise.  There can of 

course be compelling political, military, or other reasons to do so, but these 

are not economic factors as understood within the framework and cannot 

be considered here.  From the perspective of ENL's logic, which seeks to 

maximize individual well-being, a population should never exceed its 
optimum level. 
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Ecological Limit for Population 

A society's population is supported by its economy, and a population's 

ecological limit is therefore tied to the economy's ecological limit.  For this 

reason, a population cannot expand beyond the point where the economy 

has exhausted its lowest environmental budget.  This statement can be 
clarified with the help of figure 6-2. 

 

In this graph the independent variable is again the population level on 

the horizontal axis.  However, the vertical axis represents not ING, but the 

economy's total outputs per unit of time.  Moving up and down this axis 
thus represents changes in the economy's scale.  For simplicity, the model 

assumes that there is no trade, which means that all outputs are locally 

consumed. 

The sloping line depicts the average per capita rate of consumption.  It 

is assumed that ENL's principles have been applied, and that this 
consumption represents target output quantities that have been equitably 

distributed.  Further, ecological efficiencies have been maximized, and the 

economy's ecological limit is therefore as high as is currently achievable.  
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As the slope of this line increases (rotates up), the economy's scale 

increases for a given population level, and average consumption therefore 

goes up.  As the slope decreases (rotates down), the scale decreases and the 
average goes down.  The line thus relates a specific population level such as 

P1 to a specific economic scale such as S1. 

As population increases from P1 the economy's scale increases from S1.  

When the scale reaches its ecological limit, the population has reached its 

ecological limit.  Any further increases in population would be 

impermissible by ENL's principles because the economy would contribute 
to global overshoot.  Note that a higher consumption rate, and thus a 

steeper slope, would cause this ecological limit to be reached more quickly.  

Thus, the higher the average consumption rate, the lower the sustainable 

population - and vice versa. 

Target Population Level 

As noted, the method for determining the target population level is 

similar to that used for target output quantities.  A population’s target 
level is thus the lower of the two population constraints just discussed: the 
optimum level and the ecological limit.  If the optimum level is reached 

first, average ING has been maximized, and it makes no sense to increase 

population further.  Conversely, if the ecological limit is reached first, 

further increases would be unsustainable, thereby violating ENL's ethical 

posture regarding future humankind.  Figure 6-3 depicts the first case, 

where the target population is the optimum level. 
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This is the ideal situation: ecological efficiencies are sufficiently high so 
that the population's ecological limit is above its optimum level.  The 

population level can therefore rise to the maximum achievable average ING 

without endangering the environment. 

Figure 6-4 shows the second, less desirable, case, where the target 

population is the ecological limit. 
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Let me conclude this brief chapter by mentioning wants.  If the current 
population is below its ecological limit, a society can legitimately consider 

authorizing certain wants.  If the ecological limit has been reached, and 

more want satisfaction is desired, there are two possibilities.  The first is 

the familiar option of increasing ecological efficiencies, thereby shifting 

the ecological limit to the right.  The second is to decrease population, on 

the assumption that the current level is above the optimum.  As with 
increased efficiencies, this creates ecological space that allows more wants 

to be socially approved.  Thus, the population level can in some cases be 

seen as a trade-off with wants: if one increases, the other must decrease, 

and vice versa. 
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CHAPTER 7  
LABOR PRODUCTIVITY 

lthough labor productivity is logically part of production, which was 

discussed in chapter three, I have deferred its presentation to this 

point because it is a specialized area that requires extensive 

treatment.  Now that ENL's core components have been covered, this topic 

must be addressed.  In doing so, however, we must be careful to recall our 

earlier restrictions: the environment is ignored, and the population level is 
assumed to be constant.  The reader should also recall that the sphere of 

production cannot assume responsibility for consumption.  For this reason, 

the present chapter addresses potential value but largely ignores effectual 

value. 

Labor productivity is a significant issue for several reasons. A change in 

labor productivity can alter working conditions, thereby modifying labor 
cost.  It also has a strong bearing on the division of labor, it can increase 

output quantities, and it is closely associated with a society’s choice of 

technological complexity.  As well, labor productivity is significant because 

of its ideological role.  Standard economics repeatedly goes beyond its 

proper sphere of functional analysis by encouraging a society to increase its 

labor productivity.  Because such prodding is often persuasive, it can 
strongly influence public attitudes.  ENL must therefore distinguish 

between situations where health is actually improved by rising labor 

productivity, and situations where this is not the case.  As we will see, ENL 

A 
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treats labor productivity as a delicate optimization challenge, not as the 

crude maximization supported by standard thinkers. 

Although several factors have been cited in the economics literature to 
account for higher labor productivity, the most straightforward and 

generally accepted explanation is technological change.  In ENL, this is 

assumed to be the sole factor underlying labor productivity changes. 

Definition 

ENL uses the standard definition of labor productivity: the quantity of 

an intermediate or final output produced per unit of labor time expended.  

It is therefore calculated by dividing output quantity by time, where the 

latter is generally expressed in hours: 

LP = Q/t 

For example, if it takes 100 hours to produce 200,000 loaves of bread, 

labor productivity for this final output is 2,000 loaves per hour.  Because 

the definition makes no reference to potential value, a similar statement 

can be made for an intermediate output such as transport trucks: if it takes 

10,000 hours to produce two trucks, labor productivity is one truck per 
5,000 hours.  In what follows I deal with final outputs first because these 

are assessed on the basis of both potential value and input cost.  I then 

consider intermediate outputs, which must be assessed on the basis of 

input cost alone.  For brevity, I will in most cases shorten “labor 

productivity” to “productivity” for the remainder of this chapter. 

Technological Intensity 

As previously explained, technological neutrality refers to ENL’s stance 

that an economy's level of technological complexity is a social choice, and 
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is therefore irrelevant for judging economic performance or progress.  

However, in this chapter we are concerned with specific labor processes, 

and in this narrower context the term technological intensity is used 
instead.   This refers to the degree to which machines, and technology 

generally, substitute for autonomous human action in a production task. 

Technological intensity is a critical topic because the technology used in 

a labor process frequently curtails human autonomy, which can 

significantly impact worker health.  It is thus treated as a contributor to 

input cost, similar to the toxins and stressful noise (or clean surroundings 
and peaceful quiet) that may be present in a work environment. 

An important aspect of technological intensity is that its increase can 

initially relieve painful drudgery.  For tasks that are physically arduous, 

machines can reduce both the toil and the dangers that are frequently 

associated with strenuous labor, thereby decreasing labor cost.  At one 

point in my life I worked as a construction laborer, and I can attest that a 
wheelbarrow greatly reduces the toil associated with moving soil and sand.  

A backhoe will reduce this toil by at least another order of magnitude.  The 

trickier issue is to determine what happens to the worker's health after 

drudgery has been largely eliminated and the worker’s skills and personal 

involvement are eroded by the continued increase in technological 

intensity. 
It has long been evident, at least informally, that workers are seriously 

impacted by the skill levels required for labor tasks.  French economist 

Jean-Baptiste Say was aware in 1803 that workers are degraded when the 

division of labor forces them to focus too narrowly on one simple task: 

"A man [sic], whose whole life is devoted to the execution of a single operation, will 
most assuredly acquire the faculty of executing it better and quicker than others; but 
he will, at the same time, be rendered less fit for every other occupation, corporeal or 
intellectual; his other faculties will be gradually blunted or extinguished; and the 
man, as an individual, will degenerate in consequence." 77 

What is exceptional about Say’s understanding is it went beyond the 

physical realm to include intellectual labor.  He added: "... men, whose 
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professional duties call into play the finest faculties of the mind, are 

subject to similar degradation." 78 

In the 1950s the relationship between automation and skill level was 
rigorously examined by James R. Bright of the Harvard Business School.  

Bright’s study is extensively cited by Harry Braverman in his book, Labor 

and Monopoly Capital.79  Bright's aim was to assist management in choosing 

workers who were best suited to the machines then being deployed.  Based 

on empirical studies, he found that skill requirements increased sharply 

during the initial phase of automation, but soon peaked and then declined 
rapidly.  The explanation he offered is that machines at first amplify 

human capabilities and give greater scope to creativity and imagination.  

Beyond a threshold level, however, they usurp human dexterity, mental 

involvement, and control, eventually turning workers into their 

appendages.  Figure 7-1 replicates a figure from Bright’s study. 

 

The numbers on the horizontal axis are from Bright’s work and are 

called mechanization levels.  Levels 1-4 relate to hand control, 5-8 relate to 

mechanical control, and 9-17 relate to various degrees of sophisticated 
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automated control.  For the lower degrees of automation, Braverman 

describes the effects on workers as follows: 

"On mechanization levels 1 to 4 Bright concludes that since control is entirely up to 
the worker, skill is increasing ... .  On levels 5 to 8, where control is mechanical but 
still dependent on the worker, some skills are increasing but a number have turned 
downward, resulting ... in an overall decrease in total skill required." 80 

For the higher levels of automation, Braverman lets Bright speak for 
himself: 

"When [levels 11-17] are reached, we find that the worker contributes little or no 
physical or mental effort to the production activity. Most of the functions are 
mechanized.  The inspecting devices feed corrective information into the machine 
and thus relieve the operator of mental effort, decision-making, judgment, and 
even the need to adjust the machine. ... The ‘operator’, if he is still there, becomes a 
sort of watchman, a monitor, a helper.  We might think of him as a liaison man 
between machine and operating management.” 81 

The extent to which this relationship between automation and skills 

holds will depend on concrete circumstances, but it is incorporated into 

ENL as a broad reflection of industrial reality. 

According to studies cited by biologist Robert Sapolsky, the less control 

a worker has during the labor process, the greater the health risk he or she 

incurs: "Numbing assembly-line work and an occupational lifetime spent 
taking orders erode workers' sense of control. ... the less autonomy one has 

at work, the worse one's cardiovascular health.” 82  There are also links 

between boredom and decreased worker health.  Boredom likely plays a role 

in depression, which is a risk factor in heart disease.  It is also conducive to 

anger suppression, which can raise blood pressure and decrease the body's 

natural immunity.  As well, bored people tend to eat and drink more, and to 
focus their appetites on unhealthy products.83 
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The general conclusion is this: If required skill levels are high, worker 

health will likely be high as well.  As skill levels decline with increased 

worker specialization and machine sophistication, worker health will tend 
to decline correspondingly.  The combination of these factors constitutes 

the overall effect of increasing technological intensity on workers.  As 

shown in figure 7-2 below, this will first cause labor cost to decrease, then 

to flatten out, and eventually to rise. 

 

In this graph labor cost is expressed in total rather than marginal health 

units.  The curve therefore traces the actual labor cost as technological 

intensity increases.  However, the graph depicts the labor cost associated 

with technological intensity alone - it therefore isolates this factor from 

the other factors involved in labor cost. 

The sharp decline in labor cost based on the negation of drudgery is 
called the toil effect.  This continues until labor cost is reduced to zero.  

The next phase, where labor cost is negative and health is therefore 
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enhanced to varying degrees, is called the skill effect.  The last phase, 

where labor cost rises sharply from zero, is called the cog effect.  It is clear 

from the graph that the optimum level of technological intensity (T*) is 
when labor cost is minimized during the skill effect - that is, at the lowest 

point on the graph. 

It is important to emphasize, however, that technological intensity is 

only one factor in labor cost.  Because other factors are involved, 

optimizing technological intensity will not necessarily optimize labor 

productivity as a whole.  The curve should instead be seen as shifting the 
labor cost curve down and then up as indicated.  The same kind of effect 

would occur if we held all factors constant except workplace toxins.  In that 

case, an increasing level of toxins would cause the labor-cost curve to shift 

up, and a decreasing level would cause the curve to shift down. 

Two Perspectives 

Before proceeding it is necessary to compare the standard perspective 

on labor productivity with that of ENL.  This will serve two purposes: it will 

underscore the need for the framework to take an independent stance on 
the subject, and it will introduce us to the elements that must be taken into 

account in ENL's technical treatment of labor productivity. 

Assume that, for the current labor process in a production facility, one 

unit of labor results in two output units.   The labor process is now 

modified so that productivity increases by 50%.  This means that one labor 

unit produces three output units instead of two.  For standard economics, 
which reflects the logic of capitalism, this situation would be perceived as 

shown in figure 7-3. 
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The first point to note is that the standard discipline sees workers 
exclusively as a means - that is, as an input to production.  The effects of 

labor process modifications on the workers themselves, considered as 

human beings, are thus ignored. The reader may recall from the discussion 

of opportunity cost in chapter 3 that standard thought treats humankind 

and nature the same way it treats time and money.  That is, humankind 

and nature are not acknowledged as degradable resources that can be 
damaged in production.  This is a major factor in the standard view of labor 

productivity. 

Second, the human consequences of any additional environmental 

damage that may accompany the new labor process are also ignored.  In the 

coy language of standard economics, they are "externalized". 

Third, the criterion used to judge if labor productivity should be 
increased is whether or not this will increase profits.  If it is more 

profitable to raise output quantity by increasing labor quantity instead of 

labor productivity, then additional workers will be hired, or existing 

workers will work longer or more intense hours. 

Now let me now turn to ENL's view of increased labor productivity and 
compare the two perspectives.  See figure 7-4. 
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The differences between the two are significant.  First, ENL sees the 
worker as both a means and an end.  As a means he or she is an input to 

production, as in standard economics.  As an end, however, the worker is 

also a human being.  We must therefore determine how the modified labor 

process will affect this person's health.  In ENL this is done through the 

concept of labor cost, which includes the effects of increased technological 

intensity. 
Second, the public health consequences of any incremental 

environmental damage are fully considered through natural cost rather 

than treated as externalities. 

And third, the criterion for deciding if labor productivity should be 

increased is not profit, but rather society's overall health consequences, 

taking into account the potential value from increase production, plus labor 
cost and natural cost. 

A brief digression: It should be obvious from the above comparison, if it 

is not obvious already, that ENL treats human beings with far more respect 

than standard economics does.  However, as with almost everything of 
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consequence in the social world, historical context must be considered.  

Capitalism's historical role has been to rapidly increase production.  This 

was achieved in part by ruthlessly simplifying the rationality applied to 
economic processes.  As John Maynard Keynes pointed out, this has allowed 

even the "semi-criminal, semi-pathological propensities" 84 of human 

nature to participate in the expansionary surge.  The perspective shown in 

figure 7-3 reflects this simple, brutal logic.  A more nuanced rationality, 

such as that offered by ENL, is required at this stage of history not only 

because the capitalist approach has become ecologically untenable, but also 
to correct the massive global injustices that these propensities have over 

time engendered.  What is primarily subject to criticism is not the advent of 

capitalist logic several centuries ago, but the failure to replace this logic 

once its destructive human and natural consequences became apparent.  

Let me now proceed to ENL's technical treatment of labor productivity. 

Economic Effects 

An increase in labor productivity potentially has two economic effects: 

an increase in output quantity and a decrease in labor time.  In addition, 
the increases in technological intensity that drive productivity 

improvements can significantly alter labor cost and natural cost.  These 

economic effects are depicted in figure 7-5. 
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At the top of the figure are the two effects of rising labor productivity: 
increased output quantity and decreased labor time.  The output’s potential 

value is assumed to be positive (there would be no point in increasing 

productivity otherwise), so increased quantity results in higher potential 

value.  Decreased labor time could refer to either fewer workers or a shorter 

work-day.  However, in chapter three it was pointed out that, for a 

constant output quantity, the number of workers should be maximized 
(within practical constraints) in order to minimize overall labor cost.  If 

this logic is applied, the decrease in labor time will result in a shorter 

work-day. 

Whether higher productivity results in greater quantity, a shorter work-

day, or some combination of the two is a social choice.  Because standard 

thought applies capitalism's productivist logic to this question, it generally 
seeks to increase quantity in order to raise a society’s “standard of living”.   

From ENL’s perspective increased quantity does not necessarily result in 

greater well-being because countervailing factors may apply.  As noted 

above, in an ENL-driven economy a shorter work-day, resulting in 

decreased labor cost, will in many cases be a superior alternative to more 
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outputs.  An excellent example of such a choice is provided by Clive Ponting 

in A Green History of the World: 

"Earlier this century [i.e., the 20th] the Siane tribe in New Guinea adopted modern 
steel axes instead of their traditional stone tools.  This reduced the amount of time 
needed to provide an adequate level of subsistence by about a third.  The new spare 
time was not spent in increasing output but was devoted to ceremonies, leisure, and 
warfare." 85 

Returning to figure 7-5, the bottom of the diagram shows that increased 

technological intensity may shift the labor cost curve up or down.  The 

nature of this shift is determined by the curve in figure 7-2.   If 
technological intensity has just begun its rise, the toil effect will rapidly 

lower the labor cost curve, which means that labor cost will be reduced at 

all output quantities.  If the skill effect has been reached, the curve will 

first continue its drop and then rise as the effect wanes.  Finally, if the cog 

effect has been attained, the curve will rise rapidly, which means that the 

labor cost curve will move sharply upward. 
Increased technological intensity can also shift the natural cost curve up 

or down.  If, for example, a new technology allows forests to be decimated 

more quickly than before, or if more fossil fuels are guzzled while it works 

its production magic, then the curve will shift up.  If it reduces habitat 

destruction while it removes selected tress, or if it reduces fuel 

consumption, then the curve will shift down. 
To summarize, an increase in labor productivity through an increase in 

technological intensity will increase potential value and/or reduce labor 

time.  It will also raise or lower both the labor cost and natural cost curves, 

depending on concrete conditions.  The reader will recall from chapter 

three than a key aim of production is to maximize potential gains - the 

difference between potential value and input cost.  These are the factors 
being considered here.  Thus another way to summarize the results of 

increased labor productivity is that it has an indeterminate effect on 

potential gains. 
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This discussion indicates that labor productivity should not be blindly 

maximized.  Society will gain potential value if it so chooses, but depending 

on the overall labor and natural effects it may end up gaining or losing 
health.  This suggests that, if labor productivity is based on health instead 

of profits, its level should be optimized based on the complex interplay of 

these factors. 

To end this section, let me quickly describe how labor productivity 

applies to intermediate outputs.  These outputs are not consumed, so 

potential value does not apply.  This means that, to optimize their labor 
productivity, only labor cost and natural cost - that is, input cost - must be 

considered.  Because the input cost of an intermediate output is part of the 

life-cycle input cost of its associated final outputs, this cost should be 

minimized.  The labor productivity for an intermediate output should 

therefore be set at the level that minimizes its input cost. 

Labor Productivity vs Efficiencies 

 

As noted above, an ENL-guided economy should optimize rather than 

maximize labor productivity.  ENL's four efficiency measures, by contrast, 
should be maximized.  These aims are depicted in the diagram above, 

which is a simplified but expanded version of figure 5-7.  Let me quickly 
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review these efficiencies to underscore the significance of these 

maximizations in the quest for sustainable well-being. 

Ecological efficiency (E e) must be maximized to minimize the resources 
flowing into the economy and the wastes flowing out.  This will both 

protect the environment from degradation and slow the depletion of 

nonrenewable resources. 

Production efficiency (E p) must be maximized to generate the greatest 

achievable potential gains (potential value minus input cost) from the 

lowest possible quantity of inputs.  This will provide society with a high 
level of potential health benefits while minimizing the resources expended. 

PV efficiency (E pv) must be maximized so that the least possible 

potential value is lost in transferring outputs from production to 

consumption.  This will give consumers a high level of potential value to 

convert into effectual value. 

EV efficiency (E ev) must be maximized to achieve the final economic 
goal: to achieve the highest level of aggregate health by converting most of 

the potential value into effectual value through consumption. 

In brief, an economy that is guided by ENL's principles will maximize 

its ecological, production, PV, and EV efficiencies while optimizing its labor 

productivity. 

Division of Labor 

Division of labor refers to the reduction in the number of economic 

tasks assigned to individual workers - that is, to the increased 
specialization and fragmentation of labor.  Much has been written on this 

subject, and I don’t want to add unduly to the pile.  However, a few words 

that explain how ENL’s concepts apply to this development are in order. 

The division of labor is strongly related to a society’s choice of 

technological complexity.  High technological complexity implies high 

technological intensity, which entails the need for specialized skills and 
knowledge in an economy's labor processes.  During the lengthy hunter-

gatherer phase of human existence labor was divided between men and 
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women, but for the most part it was highly integrated.  Much of this 

integration dissolved as humankind moved to farming and civilization, and 

it dissolved further as we moved to increasingly complex modes of 
civilization and then capitalism. 

Many of the negative effects of subdividing labor are captured through 

ENL’s concepts of labor cost and labor distribution.  Excessive 

specialization will be reflected in reduced skill levels and boredom, thus 

lowering the quality of labor and increasing labor cost.  If a society strives 

for perfect labor distribution, the tendency will be to assign tasks so that 
the enjoyment from specialized expertise is balanced with the need for 

varied work experiences.   This effect is part of the automatic balancing of 

health benefits mentioned in chapter four. 

Probably the most significant aspect of the division of labor is its role as 

an element of social control and increased profits under capitalism.  Labor 

fragmentation allows many tasks to be radically deskilled, which means 
that the worker can be culturally degraded and largely negated as a threat.  

This is not speculation on my part.  Listen to chemist Andrew Ure, a key 

capitalist ally during the system’s manufacturing period: 

“By the infirmity of human nature, it happens that the more skilful the workman, 
the more self-willed and intractable he is apt to become, and of course the less fit a 
component of a mechanical system in which ... he may do great damage to the 
whole.” 86 

Regarding profits, consider that the comment sometimes aimed at the 

American political system - "designed by geniuses so it can be run by 

idiots” - also applies to a capitalist economy.  If the total money paid to a 
few well-compensated “geniuses” and many poorly-compensated “idiots” 

is less than modest compensation for all, the capitalists will pocket the 

difference.  This is surely a powerful incentive to shape such an economy in 

precisely this manner. 

The assumption underlying ENL, of course, is that the framework will 
replace capitalist logic for the purpose of economic guidance towards 

sustainability.  If this transition occurs, capitalist motivations will no 



 CHAPTER 7 – LABOR PRODUCTIVITY 

THE ECONOMICS OF NEEDS AND LIMITS 174 

longer apply, and the destructive division of labor that now prevails will 

hopefully weaken and eventually disappear. 

Luddism Reconsidered 

Luddism was a 19th-century British working class movement whose 

members occasionally destroyed automated looms and other machines.  
Their main grievance was that the machines were replacing workers, 

thereby depriving them of income and laying waste to a traditional and 

highly valued mode of independent life.87  To be called a “Luddite” today 

means that one rejects the latest technological advances.  Although this 

usage distorts historical reality, the term is used here in this modern sense. 

Karl Marx was careful to distinguish between the machines themselves 
and the manner in which they are employed in a capitalist system.  In 

Capital, after pointing out that the Luddite movement gave conservative 

forces a useful pretext for violent measures against workers, he says, 

“It took both time and experience before the workpeople learnt to distinguish 
between machinery and its employment by capital, and to direct their attacks, not 
against the material instruments of production, but against the mode in which they 
are used.” 88 

Harry Braverman, who was cited above with respect to James Bright’s 

study, echoes Marx: 

“... it is not the productive strength of machinery that weakens the human race, but 
the manner in which it is employed in capitalist social relations.  It has become 
fashionable, however, to attribute to machinery the powers over humanity which 
arise from social relations.” 89 



 CHAPTER 7 – LABOR PRODUCTIVITY 

THE ECONOMICS OF NEEDS AND LIMITS 175 

The Marxists were substantially correct on this point.  As mentioned, 

technology under capitalism is used not to advance human well-being but 

to increase profits.  Marx addressed this topic earlier in Capital: 

“John Stuart Mill says in his Principles of Political Economy: ‘It is questionable if all 
the mechanical inventions yet made have lightened the day’s toil of any human 
being.’  That is, however, by no means the aim of the capitalistic application of 
machinery.  Like every other increase in the productiveness of labour, machinery is 
intended to cheapen commodities and, by shortening that portion of the working-
day in which the labourer works for himself, to lengthen the other portion that he 
gives, without an equivalent, to the capitalist.  In short, it is a means for producing 
surplus-value.” 90 

For Marxists, this restricted use of technology will be transcended once 

capitalists no longer rule production and workers can relate to each other 

as “freely associated producers”.91  Braverman expresses this vision as 

follows: 

“An automatic system of machinery opens up the possibility of the true control over 
a highly productive factory by a relatively small corps of workers, providing those 
workers attain the level of mastery over the machinery offered by engineering 
knowledge, and providing they then share out among themselves the routines of the 
operation, from the most technically advanced to the most routine.” 92 

Thus, in recent history, there have been two main viewpoints regarding 

the application of technology to production.  The standard, capitalist view 
is that this is invariably a good thing because it improves a society's 

“standard of living”.  The Marxist view is that it will invariably be a good 

thing once the capitalist mode of production has been superseded and 

workers have organized the labor process in accordance with their 

interests.  Both viewpoints reject the idea that the application of technology 
itself might be harmful to workers. 
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However, as emphasized, ENL's concepts indicate that the latter may 

well be true: under certain conditions the technology applied to labor 

productivity can be detrimental to workers, irrespective of the social 
relations that govern the labor process.  Once increased labor productivity 

has been fully exploited to increase health, further innovations will trigger 

the cog effect and cause health to decline.  At this point the machine itself 

becomes the enemy of humankind, and must therefore be “destroyed”.  In 

this narrow sense, therefore, a modern form of Luddism would be justified. 

This means, for example, that the threat of robots stealing satisfying 
jobs from workers would not appear in an ENL-guided economy.  If the 

introduction of such technology would cause aggregate health to decrease, 

it would be economically irrational to do so.  Advanced automation such as 

workplace robots are a threat only in an economy that values profits over 

worker well-being and fails to distinguish between efficiency 

maximization and productivity optimization. 
Does this mean that technological innovation in production should 

cease once the health-increasing potential of labor productivity has been 

exhausted?  Not at all.  On the assumption that higher technological 

complexity has been socially accepted, technological change can generate a 

continuous increase in ecological efficiencies.   Recall that ecological 

efficiency is defined as output quantity divided by the natural flow rate.   
Technological improvements can decrease these rates without practical 

limit, thereby reducing environmental impact continuously for the benefit 

of present humankind, future humankind, and non-human species. 
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CHAPTER 8  
TRADE 

rade, like labor productivity, is logically part of chapter three 

(production and cost).  Its presentation has also been deferred 

because it is a specialized area that requires extended treatment.  

Recall the assumptions that governed the earlier discussion: the 

environment is largely ignored, and the population level is assumed to be 

fixed. 
ENL makes no assumption about the geographical scope of analysis.  

The analyst can treat the whole world as a single geographical unit, in 

which case trade is logically impossible.  Alternatively, the chosen 

geographical scope can be a set of countries, an individual country, or a 

defined area that does not take account of national boundaries.  In these 

cases, trade can occur between the chosen geographical unit and the rest of 
the world. 

The term "region" refers to any geographical unit below the global 

level.  Trade occurs when an output is produced in one region and 

consumed in another.  The region that is being analyzed is called the local 

region, and all other regions are called remote regions.  When production is 

local and consumption is remote, this is an export with respect to the local 
region.  When production is remote and consumption is local, this is an 

import with respect to the local region. 

T 
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In this chapter I initially deal with need satisfaction to establish ENL's 

basic trade principles.  I then briefly discuss how these principles can be 

applied to the use of trade for increased want satisfaction. 

Unique Aspects of Trade 

Trade is a distinct topic within ENL because the separation of 
production and consumption results in the separation of cost and value.  

When both production and consumption are local, or when geographical 

scope is global, cost and value are experienced by the same set of people 

and are therefore commensurable.  With trade, however, cost is 

experienced in one region, while value is experienced in another.  This 

severs the connection between the two and destroys their 
commensurability, thus necessitating several modifications to the 

principles previously enunciated. 

ENL assumes that each region is trying to maximize its own health by 

entering into beneficial trade relationships with other regions, using the 

concepts outlined here.  The local region does not necessarily know about 

the remote region's gains from a trade relationship, and vice versa.  Both 
regions are trying to achieve sustainable well-being and are independently 

making rational trade decisions to this end.  If this compartmentalization 

of interests is repugnant to the analyst, global scope should be chosen 

instead. 

The objection might be raised that, according to ENL's ethical stance, 

everyone on the globe should be treated equally, and that regional scope is 
therefore inappropriate for the framework despite the analyst's 

perceptions.  This objection has merit.  Regional scope is an ethical 

compromise, although one that I feel is currently unavoidable.  ENL's 

principles constitute a huge departure in economic analysis, and applying 

them on a regional basis is probably an essential first step towards 

applying them globally. 
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Why Consider Trade? 

What needs to be established first is why a region that follows ENL’s 

principles would consider trading at all.  Why not just produce and 

consume locally?  To gain some perspective on this question, let's see how 

standard economics answers it, and why the rationale it provides is 
inappropriate for the ENL framework. 

The conventional trade story invariably begins with David Ricardo's 

theory of comparative advantage.  Briefly stated, this is the idea that the 

opportunity costs for an output's production differ among regions, and that 

these differences are independent of any absolute advantages that various 

regions may have.  This heterogeneity among economies can be exploited 
by having regions specialize in the outputs where their opportunity costs 

are lowest and then trading these outputs for those where their 

opportunity costs are high.  The result is increased consumption for all. 

The theory of comparative advantage has been criticized both on 

technical grounds and because its assumptions fail to adequately reflect 

global realities.  For ENL the crucial point is that it justifies trade through 
higher overall consumption rather than the well-being derived from health 

and genuine want satisfaction.  Ricardo's example of comparative 

advantage involved the trade of English cloth for Portuguese wine.  

Economic historian E.K. Hunt points out the ideological bias that is 

inherent in this approach: 

"Ricardo could have suggested ... that the importation of wine be prohibited until 
every worker had adequate clothing.  Some would certainly argue that this would 
increase social welfare more than importing more wine for the capitalists and the 
landlords.  But he did not do so, instead insisting that free trade should maximize 
the 'sum of enjoyments'." 93 

In this passage Hunt reflects the ENL perspective with remarkable 

fidelity.  He would presumably agree that, even if we assume that the 
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comparative trade concept is technically accurate, increased overall 

consumption does not provide a valid human rationale for trade. 

Another possible reason for trade is that it increases consumption 
variety.  If apples can be grown within a region, but papayas cannot, 

importing the latter might provide welcome relief from the restricted local 

produce.   This trade rationale has possible validity within ENL, for two 

reasons.  First, greater variety may improve health.  If this is the case, it is 

embraced by the explanation that follows.  Second, variety may be justified 

on the basis of authorized wants.  As noted, this possibility will be 
addressed later in the chapter, once the basics have been covered.  Let me 

now address the core reason why trade can be rational in an ENL-guided 

economy. 

The Results of Trade 

An isolated region is called a closed economy, and by avoiding trade it 

practices what standard economics calls autarky.  Given the inputs available 

to it, such an economy can produce a specific range of final outputs, 

incurring specific local input costs.  This is shown in highly simplified form 
in figure 8-1. 
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This closed economy is capable of producing apples and strawberries 
with its available inputs.  For apples, the input cost of production is 70 

health units, while for strawberries it is 90 health units.  The effectual 

values for the two outputs are not shown because they have no bearing on 

the initial part of this discussion.  When we open this economy up by 

permitting trade, two major changes are possible, as shown in figure 8-2. 
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The obvious change here is that imported pineapples have been added to 
the list of outputs.  Another but less obvious change is that the input cost 

of strawberries has decreased from 90 units to 60 units.  This example 

points to the two important differences that trade can make to a closed 

economy: it can expand the range of its final outputs, and it can reduce the 

input cost of existing (locally-produced) final outputs.  Let me explain 

these effects. 
There are two reasons why trade can expand the output range.  The first 

is that another region can produce something that simply cannot be 

produced given the inputs that are present in the local region.  For 

example, Bangladesh may not have the manufacturing facilities to produce 

computers.  Trade therefore gives the country access to an output that 

would otherwise be unavailable to it.   The second reason for an expanded 
output range is that an economy may not have access to a necessary 

intermediate output.  Bangladesh may have the required manufacturing 

facilities for computers, but the rare metals or chemicals required in their 

production may not be domestically available.  In that case, importing the 

necessary intermediate outputs will permit the country to add computers to 
its domestic output list. 
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There are also two reasons, which are parallel to those just cited, why 

trade can decrease the input cost of an existing final output.  First, the 

economy may be able to import the same final output at an input cost that 
is lower than its current input cost.  It could then replace the locally-

produced output with the import.  Second, the economy may be able to 

import an intermediate output at an input cost that is lower than the one it 

is currently incurring in production.  Substituting this imported 

intermediate output will again lower the input cost of producing the 

existing final output. 

The Rationale for Trade 

The discussion so far has outlined the key consequences of trade, but it 
has not established the rationale for trade.  To do this we have to 

understand that trade is in essence a form of production.  When a region 

trades, it provides inputs, incurs input costs and environmental 

expenditures, obtains outputs, and consumes these to achieve effectual 

value.  All the essential elements of local production are present, except 

that the outputs consumed differ from the outputs produced. 
The decision to trade is thus fundamentally a decision to assign a locally 

available set of inputs to the remote production of an output that will be 

locally consumed.  ENL therefore considers trade to be an allocation issue, 

and applies allocation logic to this subject.  A consequence of this approach 

is that trade, unlike local production, takes into account the projected 

effectual value arising from consumption.  The discussion below therefore 
refers to effectual value rather than potential value, and to gains rather 

than potential gains. 

Rational allocation means directing inputs to a specific output in order 

to maximize aggregate health by minimizing forgone health.  In order to do 

this, the society must know, or be able to estimate, the health benefits 

from the various output possibilities.  These benefits, which are called 
gains in ENL, are equal to the effectual value derived from consumption 

minus the input cost incurred in production.  To maximize aggregate 
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health, each set of inputs must be allocated to the output that will result in 

the highest attainable gains. 

When seen from the perspective of allocation, the expanded range of 
outputs resulting from trade gives a society more options in choosing the 

output with the highest gains.  For example, it may turn out that the 

imported pineapples in figure 8-2 achieve gains that exceed those of apples 

and strawberries.  If so, inputs should be redirected to this import. The 

other main benefit of trade - the decrease in input costs - will increase the 

gains of the affected outputs, thus modifying the allocation choice as well.  
In figure 8-2 the input cost of strawberries dropped from 90 to 60 health 

units because of trade.  If this change means that strawberries now result 

in the highest gains among the possible outputs, society's inputs should be 

redirected to their production. 

Note that, in this basic trade logic, the expansion of the output range is 

not a qualitative issue.  That is, when health-based consumption is being 
considered, a society does not benefit simply because a greater variety of 

outputs has been made available.  The benefits of trade being discussed at 

this stage are purely quantitative and based on health.  The imported 

pineapples should be chosen if they result in higher gains than the locally-

produced outputs, not because they taste different from apples and 

strawberries or because they add an exotic touch to the dinner table. 
Let me now review ENL's trade rationale by using a fairly realistic 

example of the first effect of trade - the addition of a new final output that 

expands the range of allocation choices. 

The Canadian province of British Columbia (BC), where I live, is heavily 

forested and thus a good place to grow trees for lumber.  Costa Rica is a 

lush tropical country and is therefore a great spot for growing pineapples.  
Treating BC as the local region, what gains might we achieve by exporting 

our lumber to Costa Rica and importing their pineapples in exchange? 

Let's assume that we have reached the target quantities for all final 

outputs that require lumber in their production.  This means we cannot 

gain health by using any additional wood ourselves.  The environmental 

budget for wood extraction has not yet been exhausted in BC, so we have 
ecological space to extract more wood.  With this in mind, we get in touch 

with the Costa Ricans to talk trade, and discover that they are willing to 
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exchange 500 kilograms of their pineapples for 1,000 board-feet of our 

lumber.  If this is the best deal we can get from them, should we proceed?  

Let's run through the allocation logic and see. 
Pineapples are final outputs and therefore have potential value.  When 

they arrive in BC's stores they will reach consumers, who will convert their 

final potential value into effectual value.  BC incurs negligible input cost in 

this process, so our health gains from importing the pineapples will be the 

effectual value associated with their local consumption. 

Now consider the lumber we must ship to Costa Rica in return.  
Extracting logs from our forests and transforming them into lumber in our 

mills will incur both natural cost and labor cost.  We will also have to ship 

the lumber to Costa Rica, which will incur further costs that we will also 

have to bear.  The total of all these costs is the input cost of the exported 

lumber. 

Clearly, what we gain from this trade is the difference between the 
effectual value from consuming the imported pineapples and the input cost 

from producing the exported lumber.  This difference is called trade gains.  

Thus, if we follow standard economics by using "m" for imports and "x" 

for exports: 

Trade gains ≡  EVm – IC x 

If trade gains are negative, the trade obviously makes no sense.  
Assuming they are positive, however, should we start shipping lumber to 

Costa Rica and look forward to the pineapples that will come back?  Not 

quite yet - we have only dealt with the benefit from trade, not with its 

rationale.  Our aim is not just to increase our society's health, which we 

now know this trade will accomplish, but to maximize it.  We therefore 

have to go one step further to justify the trade relationship. 
The resources we would expend for this trade are the inputs required for 

lumber production - labor, machines, buildings, oil, and so forth.  So the 

question is: will our trade with the Costa Ricans maximize the health we 

could potentially achieve from these inputs, considering all alternative 

production (including other trade) possibilities?  The situation that 

confronts us is summarized in figure 8-3.  (As before, the abbreviations EV 
and IC are used for effectual value and input cost, respectively.) 
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At the bottom of the diagram is a set of inputs, which we are seeking to 

allocate.  At the top are three output options: locally-grown apples, locally-

grown strawberries, and imported pineapples.  For each output our 

economy incurs the indicated input cost and achieves the indicated 

effectual value.   The basis for the allocation decision is straightforward: 
when we put these inputs to work we should maximize the gains that will 

result.  These gains are as follows: 

Local apples:      90  -  70   =  20 

Local strawberries:   100  -  90   =  10 

Imported pineapples:    90  -  50   =  40 

The imported pineapples are the clear winners here, so we should 

proceed with this trade.  Of course, this means that the inputs should be 
allocated to the production of the lumber we intend to export.  In this 
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situation, the addition of the import has given BC residents the opportunity 

to increase their aggregate health relative to exclusively local production.  

It should be carefully noted that, in making the gains comparison during 
allocation, it was entirely irrelevant that the pineapples will be imported 

instead of being produced at home. 

Let's examine the trade with Costa Rica a little more closely.  We have 

full knowledge about the input cost of the exported lumber because we 

incur this cost ourselves.  Similarly, we have full knowledge of the effectual 

value of the imported pineapples because our population experiences this 
benefit directly.  However, we probably know nothing about the effectual 

value of the final outputs for which the lumber is destined.  Similarly, we 

are likely to be ignorant about the input cost of the pineapples produced in 

Costa Rica.  There is in fact no need for us to know about these two factors.  

This is why the arrows relating to Costa Rica's interactions are labeled with 

question marks.  Also unknown to us, but not shown in the diagram, are 
the environmental expenditures incurred by the Costa Ricans in producing 

the pineapples, and thus whether they are violating any of their 

environmental budgets in this production.  Finally, we know nothing about 

the depletion of nonrenewable resources that might be involved in Costa 

Rica's pineapple production. 

All these unknowns are the result of our choosing regional rather than 
global geographical scope.  In adopting regional scope we are consciously 

isolating our economy from the rest of the world and ignoring the global 

implications of our actions.  If we decide that such ignorance is 

unacceptable, we have no choice but to adopt global scope.  Trade will then 

disappear, and we will assume full responsibility for determining all 

values, costs, and environmental impacts before making allocation 
decisions in our global ENL economy. 

To summarize: The rationale for considering trade is that this modifies 

the local economy's allocation options, first by expanding the range of 

outputs that can be obtained with its inputs, and second by effectively 

reducing the input cost of locally-produced outputs.  The rationale for trade 

itself is that an import offers the highest gains among the allocation 
options for a specific set of inputs. 
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Where To Get Potatoes 

The above discussion establishes ENL's theoretical trade rationale, but it 

is too abstract to handle specifics.  What the framework also requires are 

analytical tools for answering concrete trade questions.  For example, as a 

society we might decide that potatoes should be added to our diets for 
health reasons.  The question thus arises: where should we get them?  

Should these potatoes be locally grown, imported, or some combination of 

the two? 

To address this question in its simplest form, we can assume that the 

potential value of local and imported potatoes is the same.  Thus, whether 

we in BC grow our potatoes in the Fraser Valley or truck them in from 
Idaho, a 10-lb. bag of potatoes will result in equal health benefits.  What 

this implies is that our choice can be based entirely on relative input costs. 

The first input cost to be considered is obviously that of producing the 

potatoes locally.  But what is the second input cost?  A little thought will 

establish that this is the input cost of producing the lowest-cost export 

that allows us to pay Idaho for the imported potatoes.  See figure 8-4. 
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The graph uses straight lines for clarity and simplicity.  The top input 

cost line is for the locally-grown potatoes and the bottom line is for the 

lowest-cost export.  As you can see, the input cost for the export is lower 

than for local potatoes until the export quantity reaches Q 1.  Therefore, all 
potatoes up to this point should be imported.  If our society's consumption 

of potatoes is Q 1 or less, it would be irrational to grow any of the potatoes 

locally.  Let us assume, however, that our consumption exceeds Q 1.  At Q 2, 

for example, the export's input cost exceeds that of local potatoes.  The 

latter have therefore become the low-cost choice, and it makes sense to 

switch from exports to local.  Eventually, local potatoes will again exceed 
imports in cost, and we should switch back.  This implies that, once the 

export's input cost rises above the input cost of local potatoes, we should 

consume a mix of local and imported potatoes.  The relative slopes of the 

input cost lines will determine exactly what this mix should be. 

This approach is powerful because it allows us to simplify our thinking 
about basic trade questions.  When deciding where to obtain a desired 

output, we should focus our attention on relative input costs.  Unless we 

have concerns that are beyond ENL's analytical purview - local autonomy, 
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economic resilience, etc. - we should choose the source that allows us to 

minimize input cost. 

There is one point to add before moving to the second concrete trade 
question.  The above method assumes that our society has exhausted all 

possible gains from the exported output, but that we have not yet reached 

its ecological limit.  That is, we are producing at the output's optimum 

quantity, and have ecological space for further production.  At the end of 

the chapter I will describe a case where, due to coercive trade relations, a 

society exports an output before its gains have been fully exhausted in the 
local region. 

What To Do With Potatoes 

Now let's turn the situation around.  We're in Idaho instead of BC, and 

we're wondering what to do with all the potatoes that can be grown in our 

fertile soils.  More generally, the question is this: when should a plentiful 

output be consumed locally, and when should it be exported? 

To address this situation, let's initially assume that input cost is the 

same for locally-consumed and exported potatoes.  This isn't true because 
of transportation costs, but we can adjust for the difference later. With this 

assumption in place, our choice can be based entirely on relative effectual 

values.  The first effectual value to be considered is what we can achieve 

from consuming the potatoes ourselves.  The second is the effectual value 

of the highest-value import that can be obtained by exporting these 

potatoes.  See figure 8-5. 
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The top line here is for the locally-grown potatoes, and the bottom line 

is for the highest-value import.  Effectual value is higher for local potatoes 

than for the import until Q 1.  We should therefore consume rather than 

export the potatoes up to this point.  If we consume them at higher 
quantities, for example to Q 2, their effectual value will have dropped well 

below that of the import, and we should therefore switch.  Analogous to the 

previous situation, we should mix importing and local consumption after 

Q 1, with the quantitative details determined by the relative slopes of the 

two lines. 

The necessary correction for the input cost of transporting the potatoes 
from Idaho to their destination can be accomplished by shifting the bottom 

effectual value line down.  In effect, the labor cost and natural cost 

associated with transportation will decrease the health benefits achieved by 

the import.  A downward shift of the bottom line will accurately reflect this 

adjustment. 
To summarize ENL's approach to concrete trade issues, the decision to 

import is driven by the relative input costs of the lowest-cost export and 

the locally produced output.  Conversely, the decision to export is driven by 
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the relative effectual values of the highest-value import and the locally 

produced output. 

Trading for Want Satisfaction 

To this point trade has been addressed exclusively as a means to satisfy 

needs.  Both effectual value and input cost were therefore relevant to the 
analysis.  Obviously, however, trade can also be used to satisfy wants.  In 

this context input cost still applies, but effectual value is absent.  The 

reader should also recall from chapters two and five that wants are 

subjective, potentially infinite and thus environmentally dangerous, and 

that they can be manipulated through advertising and peer pressures. 

The logic for using trade to satisfy wants is virtually the same as for 
local production and consumption.  As was shown in figure 5-8, want-

satisfying outputs are ranked according to their satisfaction score, and the 

highest-ranked outputs are authorized for production until the economy's 

ecological space is exhausted.  The satisfaction score was defined as the 

ratio of socially-defined want satisfaction over input cost (WS/IC).  The 

only difference here is that want satisfaction is gained through the import 
while input cost is incurred through the export.  The satisfaction score 

therefore becomes WS m/IC x. 

What we can now do is determine this trade satisfaction score for each of 

the trade possibilities and rank these with the locally-produced outputs.  

The graph in figure 5-8 should therefore be seen as depicting both local 

and imported outputs. 
Want satisfaction through trade is the final element in ENL's allocation 

logic, so this is a good time to summarize the latter.  The first thing to note 

is that, given ENL's ethical principle, the needs of all must be met before the 

wants of any are satisfied.  In other words, inputs should not be allocated for 

life enjoyment before life maintenance is fully served.  This means that the 

allocation logic first addresses need satisfaction through both local 
production and imports, and then addresses want satisfaction through both 

local production and imports.  There is thus no requirement to 
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quantitatively compare need satisfaction and want satisfaction, even if the 

two were commensurable. 

With this priority scheme in place, the complete allocation logic is as 
follows: 

1. For need-satisfying outputs, determine the gains from local 

production (EV-IC) and the trade gains from imports (EVm-IC x); 

2. Rank all these and allocate inputs in rank order, until society's 

needs are fully met; 

3. Then, for want-satisfying outputs, determine the satisfaction score 
for local production (WS/IC) and for imports (WS m/IC x); 

4. Rank all these and allocate inputs in rank order, until the economy 

has reached its ecological limit. 

If this scheme is followed, forgone health and forgone want satisfaction 

will both be minimized, indicating that the economy's allocation is 

rational. 

Coercive Trade Relations 

In a previous example it was assumed that BC's lumber cannot be used 
to increase local health because all associated final outputs are at their 

target quantities.  In the real world this is frequently not the case.  For 

example, we could have been compelled to export the lumber prematurely 

because of political, commercial, or other pressures.  Many poor countries 

are forced by coercive trade relations to export food crops well before their 

citizens have consumed the target quantities of these final outputs.  
Exporting under such conditions can significantly decrease the local 

region's well-being. 

A particularly striking example of this situation is depicted in Hubert 

Sauper's documentary, "Darwin's Nightmare." 94  The film shows how Nile 

Perch are harvested by Tanzanians from Lake Victoria, cut into fillets, and 

then flown to Europe for consumption.  The Tanzanians themselves get 
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little in return except meager wages and fish bones.  It is clear that the 

commercial relations driving this export are deeply exploitive, and 

therefore ignore the health benefits that the Tanzanians could have gained 
from consuming some of the fish themselves. 

Another poignant example of unequal "trade" relations is provided by 

Adam Hochschild in King Leopold's Ghost, a disturbing examination of 

Belgian colonialism in Africa.  Part of the story revolves around Edmund 

Morel, an employee of a Liverpool-based shipping company who ended up 

spearheading an effective anti-slavery campaign.  Hochschild writes: 

"Although the officials he works with have been handling this shipping traffic for 
years without a second thought, Morel begins to notice things that unsettle him.  ... 
As Morel watches these riches streaming to Europe with almost no goods being sent 
to Africa to pay for them, he realizes that there can be only one explanation for their 
source: slave labor." 95 

In cases such as this, the sacrifices associated with the export must be 

reconsidered.  These no longer include just the input cost incurred in local 
production, as described above, but also the gains that have been forgone 

by not consuming the output locally. 

Local Self-Sufficiency 

Based on ENL's approach to trade, those who favor local self-sufficiency 

are correct in some cases, but not in others.  Trade is justified if three 

conditions are met: regional scope is deemed to be ethically acceptable, 

local health or want satisfaction is increased more from an import than 

from local allocation options, and ecological limits are not violated in 
producing the export.  Unfortunately it is largely unknown to what degree 

today's trade meets the last two conditions.  If all the facts were available it 
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might turn out that the supporters of self-sufficient economies are 

overwhelmingly right even today. 

Whatever the truth about the current situation, supporters of local 
economies will likely have an increasingly powerful case as resource 

scarcities take hold and ecological decline deepens.  The rationality of trade 

depends heavily on the export's transportation cost, which will likely rise 

significantly as resource constraints necessitate more difficult and more 

disruptive extraction efforts.  This will increase pollution and habitat 

destruction, hence natural cost.  Similar considerations apply to labor cost.  
Sooner or later the input cost associated with exports will overwhelm the 

effectual value from imports, and trade will no longer make sense. 

Shipping illustrates the point with respect to natural cost.  About 90% 

of the world's trade is currently transported by ships.  The extraordinary 

pollution they emit has been revealed in several European studies.  Despite 

the frequent focus on airplane pollution, it turns out that the world's fleet 
of approximately 70,000 ships causes 4-5% of the world's CO2 emissions.  

The figure for the airline industry is about half that.  There are currently 

20,000 ships on order, and the fleet's emissions could rise by 75% over the 

next 15-20 years.96  If analysis determines that the climate can withstand 

only 10,000 ships even at sharply reduced emission levels, global trade will 

have to be severely curtailed, and the supporters of local economies will 
have their intuitions substantially confirmed. 
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CHAPTER 9  
REFLECTIONS ON A  

NEW ECONOMICS 

n this concluding chapter I offer some general thoughts about ENL as a 
theory, the prospects of its implementation, and the shape of an ENL-

guided economy. 

✽ ✽ ✽  

The development of ENL has been a long and difficult process in part 

because I have been unable to convince other economic thinkers to join my 
project.  I believe there are two main reasons for this: my personal 

limitations in forming the required intellectual relationships and the 

unwillingness of thinkers to move decisively beyond standard thought. 

The latter has been deeply disappointing.  In the late 1980s, when 

ecological economics made its appearance, I had high hopes for a radical 
departure in economic theory.  It soon became evident, however, that the 

field had made fundamental compromises in order to gain academic 

acceptance.  Most significantly - and despite an early warning by founder 

Herman Daly - it adopted the standard concept of subjective value.  This 

concept supports capitalist expansion and is therefore fatal to an 

I 
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economics that aims for sustainability.  No other theoretical developments 

of any significance have appeared since that time. 

Given this pervasive lack of commitment to a new economic theory, I 
have produced ENL in almost complete isolation.  I therefore suspect that, 

despite my best efforts, the framework contains errors.  This should not be 

surprising: even the brilliant John Maynard Keynes found solitary work 

daunting.  In the preface to his General Theory he admitted that, "It is 

astonishing what foolish things one can temporarily believe if one thinks 

too long alone, particularly in economics …" 97  The first task for those who 
see ENL as a useful starting point is thus to carefully scrutinize the 

framework for unfounded assumptions, logical missteps, conceptual 

inconsistencies, unwarranted conclusions, and the like. 

Beyond this initial project there are numerous areas where 

improvements can be made.  The following strike me as the most 

significant: 

 Health measurement.  My physical health index (PHI), which is 

described in appendix B, is a rudimentary effort.  I have no expertise 

in this area, and the index was never intended to be more than a 

basic proof of concept.  Health professionals should either refine this 
index or start from scratch and create a new one.  Also required is a 

unit, or set of units, that can be used to approximate the health levels 

of individuals and groups. 

 Empirical curves.  Currently ENL's graphs all use notional curves - 
that is, curves that are purely conceptual rather than being derived 

from observed data.  To be useful in concrete situations, they must be 

converted into empirical curves.  For example, various labor 

processes should be examined to determine how labor cost varies 

with time, working conditions, technological intensity, etc.  Other 
research should address the potential value of outputs, the effectual 

value resulting from their consumption, and the natural cost of their 

production. 

 Want satisfaction.  In chapter five I offered some suggestions for 
assessing levels of want satisfaction.  This is a critical area because 
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wants are both environmentally dangerous and psychologically 

powerful.  Intense wants must be satisfied to maintain social 

stability, but strict limits are ecologically unavoidable.  Finding the 
right balance, especially in the overconsuming rich countries, will 

pose enormous challenges.  A sound theoretical foundation is 

therefore imperative. 

Developers might also consider the analogues to potential and 

effectual value in this area.  Outputs with want-satisfying potential 

may not achieve this result for reasons  that are similar to those that 
cause health losses for need-satisfying outputs.  More broadly, many 

of ENL's health-related concepts and tools can be modified and 

applied to want satisfaction. 

 Labor productivity.  I found this to be a tricky area because several 
interacting factors are involved: technological intensity, output 

quantity, labor time, etc.  I had no trouble escaping from the 

simplistic approach of standard economics, but coming up with a 

coherent alternative proved challenging.  I leave it for others to 

decide if my treatment in this book follows logically from ENL's 

principles. 

 A functional framework.  This is not part of ENL, but rather a 

complement to it.  Recall from chapter one that ENL is exclusively a 

guiding framework to establish rational economic objectives.  A 

complete economic theory also requires a functional framework for 
analyzing the economy's detailed operations while those objectives 

are pursued.  Although unacknowledged as such, standard economics 

and its heterodox offshoots are all functional frameworks that in 

various ways analyze the workings of a capitalist economy.  If care is 

taken to strip away their defects - subjective value, rapid expansion, 
workers as means only, etc. - these disciplines can be useful sources 

for the concepts and tools required to analyze an ENL-guided 

economy. 
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✽ ✽ ✽  

Many people will argue that a framework such as ENL can never be 
implemented because of the severe constraints it places on production and 

consumption.  There is no question that ENL's economic guidance faces 

enormous obstacles, but this simply reflects the realities of our ecological 

situation.  The choice before humankind is now stark: rapidly achieve a 

sustainable economy or face ecological collapse.  Fatalistically dismissing a 

theory that could help achieve such an economy is unworthy of our sapient 
species. 

That said, the transition to sustainability must be as undemanding as 

possible to maximize our chances of success.  On the production side this 

means retaining as much of capitalism as is consistent with this end - a 

principle I call minimum effective change.  A post-capitalist economy should 

thus embrace business (private production and exchange for profit) so long 
as its activities are conducive to a sustainable world.  Capitalism is business 

on expansionary steroids.  What must be eliminated are the steroids, not 

the business.  There is thus a prominent place for firms - hence markets, 

competition, etc. - in a sustainable economy, although their activities must 

be tightly constrained. 
ENL's acceptance of well-regulated markets extends to labor markets.  

The framework treats workers as both means (production inputs) and ends 

(human beings).  Insofar as workers are means, they are commodities in a 

labor market, as under capitalism.  Insofar as they are ends, they are 

human beings who deserve well-being and ethical treatment.  Labor 

markets in an ENL-guided economy would be regulated with both 
perspectives firmly in mind. 

Another critical issue is the division between business enterprise and 

state enterprise.  Based on the principle of minimum effective change, 

production that is currently private should initially remain private, and 

production that is currently public should initially remain public.  However, 

these defaults may be quickly overridden based on ENL's principles.  If 
private health care undermines well-being and the public alternative does 

not, it should become public.  Conversely, if public road maintenance 
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wastes valuable resources and the private alternative does not, it should be 

privatized. 

Shifting to the consumption side, severe restrictions must be placed on 
want-satisfying outputs.  This will undoubtedly cause popular discontent, 

which could be addressed in three ways.  The first is to educate the 

populace about the existential necessity of output reductions.  If people are 

informed in clear and convincing language why they can no longer fly with 

abandon or build oversized houses, at least some will happily comply.  The 

second is to make consumption reductions equitable.  It is a well-known 
fact that people resent unfairness far more than deprivation.  This 

psychological reality should be exploited to its fullest extent.  A third way 

to address popular discontent from reduced consumption is to provide 

social compensations.  As numerous commentators have pointed out, 

capitalism's advance has dramatically undermined community, local 

culture, and social solidarity, leading to widespread increases in personal 
alienation and stress.  The historical supersession of this system for 

ecological reasons will provide an excellent opportunity to reverse these 

human disasters. 

✽ ✽ ✽  

An important feature of a guiding framework like ENL is that it helps 

answer the critical question of capitalism's replacement.  One thing is 

immediately clear - this will not be socialism.  (The reference here is to 

revolutionary socialism rather than "democratic socialism" and 

ecosocialism, which seek only to reform capitalism.)   Socialism is 

essentially working-class control of the capitalist growth machine and thus 
shares the system's ecocidal tendencies.  Its adherents are also dogmatic 

about the state's exclusive control of production.  This will alienate 

virtually all capitalists and vastly complicate a transition that is already 

fraught with immense challenges. 

A far more promising approach is to admit that capitalism's successor 

can be perceived only in dim outline, but that the economic logic to 
generate it can be readily developed.  Any such logic must be based on the 

core attributes of humankind and nature, which are well-known.  As with 
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ENL, the only other requirements are new interpretations of use-value and 

cost, the application of marginal analysis, and a lot of serious cogitation. 

The answer to the question of capitalism's successor is therefore 
indirect but clear: the new system will result from the theory-driven 

transformation of capitalism under the principle of minimum effective change.  

Thus, a sustainable economy will not be a predefined system, but will 

instead be the unknowable outcome of a rapid, organic, and framework-

guided process. 

✽ ✽ ✽  

Another likely objection to ENL, besides its production and consumption 

constraints, is its ethical principle: all human beings, present and future, 

are of high and equal worth.  Conservative thinkers in particular may find 

this too egalitarian or progressive for their tastes.  Let me therefore make a 

few points of clarification. 
First, "equal worth" refers exclusively to equitable economic 

consideration - that is, to fair treatment in the distribution of outputs, 

labor, and wastes.  The term does not denote equal abilities or social 

contributions, the same consumption levels, or the negation of social 

distinctions. 
Second, caring for future humankind is an ancient conservative stance.  

As noted in chapter five, Edmund Burke asserted two centuries ago that, 

""Society is ... a partnership ... between those who are living, those who are 

dead, and those who are [yet] to be born."  If today's conservatives reject 

this temporal continuity it is because they have abandoned one of their 

creed's founding tenets. 
I should add that this situation does not lend itself to the economic 

concept of discounting.  The latter refers to the self-interested valuation of 

future benefits, whereas ENL's principle refers to the ethical valuation of 

future people.  Even more to the point: if the present can discount the 

future, the past can discount the present.  In that case our current lives are 

just a matter of luck: if overshoot had happened in 1860 instead of 1960 we 
would now be living - if at all - in a post-collapse hell. 
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Third, a sustainable economy will almost certainly be more equitable 

that an expansionary economy because there will no longer be a rising tide 

to lift all boats.  That is, economic growth will no longer be available to 
mask the disparities in relative consumption by increasing the average 

level of absolute consumption.  Without this relief valve, social pressures 

will rise to intolerable levels unless an adequate level of equity is 

maintained.  It is therefore useful to distinguish between functional equity 

and ethical equity.  Functional equity is the minimum level required for 

social stability.  Ethical equity goes further based on humanitarian values.  
The conservative application of ENL's ethical principle can forgo ethical 

equity, but it cannot ignore functional equity without risking serious social 

and political consequences. 

✽ ✽ ✽  

In an article written in 1913, Lenin placed Marxism within the 
mainstream of contemporary thought by identifying its sources as German 

philosophy, English political economy, and French socialism.98  To end this 

short chapter and thus the book, let me do something similar for ENL. 

ENL is rooted in the economics of John Ruskin, the ecological limits of 

environmentalism, and the marginal analysis of standard economics.  
Because marginal analysis is part of mainstream thought and ecological 

limits are now widely recognized, the only unorthodox aspect of ENL is 

Ruskin's economics.  I will therefore focus on the key concepts I have taken 

from this British social thinker. 

As mentioned in chapter two, Ruskin introduced the concepts of 

intrinsic value and effectual value in Munera Pulveris: Six essays on the 
elements of political economy (1862).  In this book he defined intrinsic value 

as, "the absolute power of anything to support life".  He elaborated as 

follows: "A sheaf of wheat of given quality and weight has in it a 

measurable power of sustaining the substance of the body; a cubic foot of 

pure air, a fixed power of sustaining its warmth; and a cluster of flowers of 

given beauty a fixed power of enlivening or animating the senses and the 
heart." 
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What I have done in ENL is to rename intrinsic value to potential value 

because the former term has several unrelated meanings that could cause 

confusion.  I have also restricted the concept to physical health, for two 
reasons.  First, health is objective and quantifiable, whereas the 

psychological impacts of floral beauty are not.  Second, ENL recognizes not 

just need satisfaction, but want satisfaction as well.  The positive effects of 

flowers on the senses and heart can reasonably be placed in this second 

category. 

Ruskin also underscored the objective nature of intrinsic value:  "It does 
not in the least affect the intrinsic value of the wheat, the air, or the 

flowers, that men [sic] refuse or despise them.  Used or not, their own 

power is in them ...". 

Having defined intrinsic value, he noted that, "... in order that this value 

... become effectual, a certain state is necessary in the recipient of it.  The 

digesting, breathing, and perceiving functions must be perfect in the 
human creature before the food, air, or flowers can [achieve their full 

value]."  He therefore distinguished between the life-enhancing potential 

of intrinsic value and its realization in effectual value.  In ENL I make the 

same distinction with respect to health. 

Ruskin summarized the two forms of use-value as follows: "The 

production of effectual value ... always involves two needs: first, the 
production of a thing essentially useful; then the production of the capacity 

to use it.  Where the intrinsic value and acceptant capacity come together 

there is effectual value ... where there is either no intrinsic value, or no 

acceptant capacity, there is no effectual value ...". 

I am deeply indebted to Ruskin for these seminal ideas.  They are 

indispensable in a guiding economic framework, they triggered the 
development of ENL many years ago, and I strongly doubt that I would 

have conceived them on my own.  Unfortunately I have found nothing else 

in Ruskin's work that could contribute to ENL under current conditions.  

Intellectually, Ruskin lived in a pre-capitalist world, and he greatly valued 

the personal relations and paternalism of feudal times.  It must be said, 

however, that feudalism was largely a steady-state economy, and our 
species must now return to the steady state.  Thus, if we survive 

capitalism's environmental onslaught, we may one day read Ruskin from a 
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different perspective and for the first time discover the depth, wisdom, and 

morality of his heartfelt counsel. 
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APPENDIX A  
GLOSSARY 

NOTE:  Where a term has several variations, these are listed under the 

general term.  For example, "production efficiency" is listed as "efficiency 

- production". 

✽ ✽ ✽  

Allocation: The social act of assigning an input, or a set of inputs, to the 

production of an intermediate or final output.  The output can either be 

consumed in the local region or be exported. 

Biological flow: One of the three natural flows that have direct biological 

effects: habitat destruction, the utilization of renewables, and the 

expulsion of wastes. 

Budget - environmental: For the economy as a whole, the maximum rate 

of a biological flow that does not cause environmental degradation. 

Budget limit: The economy's maximum scale within the constraints of an 

environmental budget. 

Budget share: The portion of an environmental budget that is allotted to a 

specific final output.  This allotment is based on the output's marginal 
health gains relative to the other final outputs that require the flow. 

Cog effect: One of the three effects of increasing technological intensity on 

labor cost.  This occurs when the skill effect is exhausted, the worker loses 
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control of the production process, and health consequently declines.  See 

also "skill effect" and "toil effect". 

Consumption: The assimilation or utilization of final outputs for the 
satisfaction of consumption desires. 

Consumption capacity: The ability of a population to convert potential 

value into effectual value.  This is reduced by satiation, which is 

exacerbated by maldistribution. 

Consumption desires:  Needs and wants, collectively. 

Consumption – incomplete: One of the three possible health losses.  This 
refers to the failure to fully consume an output, thereby converting only 

part of its potential value into effectual value. See also "lost potential 

value" and "satiation". 

Cost - input: The direct and indirect effects of production on health, for the 

duration of these effects.  The direct effects are called labor cost.  The 

indirect effects are called natural cost. 

Cost - labor: The health effects of the labor process on workers and the 

public.  Labor cost is positive when labor decreases health; it is negative 

when labor increases health. 

Cost - natural: The global health effects of the environmental changes 

resulting from production.  Natural cost is positive when these effects 

decrease health; it is negative when they increase health. 

Distribution: The social act of assigning final outputs, labor, or wastes to 

individuals within the geographical scope of analysis.  This should not be 

confused with the physical distribution of outputs from production 

facilities to consumers. 

Ecological limit (economy): An economy's lowest budget limit.  That is, the 

economy's maximum scale within the constraints of its most restrictive 
environmental budget. 

Ecological limit (output): A final output's lowest share limit.  That is, the 

output's maximum quantity within the constraints of its most restrictive 

budget share. 
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Ecological limit (population): The maximum population that can be 

supported, at a specified level of average per-capita consumption, by an 

economy at its ecological limit. 

Ecological space: The increase in economic scale that is possible before the 

economy's ecological limit is reached.  Ecological space is a requirement for 

authorized wants. 

Economic scale: An economy's rate of output production for a specific 

output mix. 

Efficiency - ecological: The measure of an economy's success in 
minimizing a natural flow in production.  This is a ratio: output quantity 

divided by flow quantity. 

Efficiency – effectual value (EV efficiency): The measure of an economy's 

success in converting potential value into effectual value.  This is a ratio: 

effectual value divided by final potential value. 

Efficiency – potential value (PV efficiency): The measure of an economy's 
success in minimizing lost potential value.  This is a ratio: final potential 

value divided by initial potential value. 

Efficiency - production: The measure of an economy's success in 

generating potential gains from production inputs.  This is a ratio: 

potential gains divided by input quantity. 

Forgone health: The sacrifice made in allocation for a need-satisfying 
output.  Thus, the health that would have been achieved by producing the 

best alternative final output from a set of inputs. 

Forgone want satisfaction: The sacrifice made in allocation for a want-

satisfying output.  Thus, the want satisfaction that would have been 

achieved by producing the best alternative final output from a set of inputs. 

Gain: A health increase that considers either consumption or production, 
but not both.  Thus, positive effectual value or negative input cost.  

Compare: “loss”. 
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Gains: A health increase that results from consumption and production, 

taken together.  Gains are equal to effectual value minus input cost when 

the first is greater than the second.  Compare: "losses". 

Gains - net: Gains minus losses. 

Gains - potential: The maximum possible gains from the production of a 

final output, equal to its initial potential value minus its input cost. 

Gains - trade: The difference between the effectual value from import 

consumption and the input cost from export production. 

Health losses: The possible losses in potential and actual health as an 
output is moved from the point of production to, and including, the act of 

consumption.  The three possibilities are lost potential value, incomplete 

consumption, and satiation. 

Individual net gains (ING): The net gains achieved by an individual over a 

specified period of time. 

Input: A resource used in production, such as labor, natural materials, 
productive assets like machines and buildings, and various services 

(accounting, legal, janitorial, etc.). 

Labor: The human input to production. 

Labor productivity: The quantity of an intermediate or final output 

produced per unit of labor time. This is a ratio: output quantity divided by 

labor time. 

Labor saturation: The exhaustion of an individual’s capacity to perform 

labor without incurring positive labor cost, due to the physical constitution 

of the human body.  Labor saturation is analogous to waste saturation and 

output satiation. 

Long run: The relatively long-term future, during which physical as well as 

behavioral changes are possible in the economy.  Compare: “short run”. 

Loss: A health decrease that considers either consumption or production, 

but not both.  Thus, negative effectual value or positive input cost.  

Compare: “gain”. 
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Losses: A health decrease that results from consumption and production, 

taken together.  Losses are equal to input cost minus effectual value when 

the first is greater than the second.  Compare: "gains". 

Lost potential health: The health that is unrealized when an individual dies 

as a result of production or consumption.  The lost health is calculated 

from the date of death to the expected date of death. 

Lost potential value: One of the three possible health losses.  This refers to 

the potential value that is lost through the destruction, degradation, etc. of 

a final output as it moves from the point of production to, but not 
including, the act of consumption.  See also "consumption - incomplete" 

and "satiation". 

Maldistribution: Any distribution of outputs, labor, or wastes that fails to 

maximize aggregate health. 

Natural flow: An interaction between nature and the economy.  ENL 

recognizes four categories: habitat destruction, utilization of renewables, 
expulsion of wastes, and utilization of nonrenewables.  The first three are 

called biological flows. 

Need: A consumption desire that increases health when it is satisfied.  

Compare: “want”. 

Optimum scale: The economy's scale when the marginal input cost of its 

outputs equals their marginal effectual value. 

Optimum population: The population level that maximizes a society's 

average individual net gains (ING) based on scale effects. 

Optimum quantity: The quantity of a final output where marginal input 

cost equals marginal effectual value.  This is also referred to as the output’s 

economic limit. 

Output: A good or service resulting from economic production.  The term 
can refer to either a final output or an intermediate output. 

Output - final: An output that is assimilated or utilized to satisfy 

consumption desires. 
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Output - intermediate: An output that is not assimilated or utilized, but is 

instead used in the production or consumption of other outputs. 

Output - irrational: An output whose input cost is greater than its effectual 
value at all quantities.  The target quantity for such outputs is zero. 

Output life cycle: All stages of a final output's economic existence, 

including the extraction of required natural resources, the production of 

associated intermediate outputs, the production of the final output itself, 

its consumption and maintenance, and its eventual recycling or disposal. 

Physical health index (PHI): A preliminary method for measuring an 
individual's physical health level, thus providing the basis for a prospective 

health unit. 

Production: The economic process of converting inputs into outputs. 

Sacrifice: What is given up when inputs are allocated to and then used in 

production.  ENL recognizes two categories: forgone health and want 

satisfaction, which relate to the allocation of inputs to production, and 
input cost, which relates to the production process itself. 

Satiation: One of the three possible health losses.  This refers to the 

exhaustion of an individual’s physical or mental capacity to fully convert 

an output's final potential value into effectual value as more is consumed.  

Output satiation is analogous to labor and waste saturation.  See also 

"consumption - incomplete" and "lost potential value". 

Scale effects: The opportunities for cooperation, specialization, exchange, 

and trade that initially accompany a rising population. 

Scope - analytical: The range of economic topics for which ENL takes 

analytical responsibility: humankind's allocation, production, distribution, 

and consumption. 

Scope - geographical: The geographical area to which ENL-based analysis 
is applied.  Geographical scope is either global or regional. 

Share limit: The quantity of a final output that exhausts a budget share. 

Short run: The relatively near-term future, during which behavioral but 

not physical changes are possible in the economy.  Compare: “long run”. 
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Skill effect: One of the three effects of increasing technological intensity on 

labor cost.  This results in negative labor cost as increased skills are applied 

to workplace technology.  See also "cog effect" and "toil effect". 

Sustainable well-being: ENL’s economic goal: the achievement of both 

sustainability and well-being within the geographical scope of analysis. 

Target quantity (final output): For the current population, the lower of an 

output's optimum quantity and ecological limit.  This quantity maximizes 

aggregate health without violating environmental constraints. 

Target quantity (intermediate output): For the current population, the 

minimum quantity required for the target quantities of all associated final 
outputs. 

Target population: The lower of a population’s optimum level and 

ecological limit. 

Target scale: For the current population, the lower of an economy's 

optimum scale and ecological limit. 

Technological intensity: The degree to which technology replaces 
autonomous human action in a labor process. 

Technological neutrality: ENL's principle that an economy's technological 

complexity is a social choice, and is therefore irrelevant for judging 

economic performance or progress. 

Toil effect: One of the three effects of increasing technological intensity on 
labor cost.  This occurs when technology is first introduced and labor cost 

declines due to the reduction in physical or mental toil.  See also "cog 

effect" and "skill effect". 

Trade: The movement of an output from the region where it is produced 

(export) to another region where it is consumed (import).  Trade can arise 

only when the analyst chooses regional geographical scope. 

Value - effectual: The realization of potential value. That is, the actual 

health gained from the consumption of a final output.  Effectual value can 

be positive, negative, or zero, and tends to decline at the margin. 
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Value - potential: The maximum health that can be gained from the 

consumption of a final output.  Potential value can be positive, negative, or 

zero, and is a constant quantity. 

Want: An unmanipulated consumption desire that does not increase health 

when it is satisfied. Wants are divided into two categories: authorized 

(socially approved) and unauthorized (socially rejected).  Compare: “need”. 

Want satisfaction: The increase in well-being achieved when a want is 

satisfied.  The degree of want satisfaction is a key factor in deciding if a 

want is authorized or unauthorized. 

Wastes: The material residues of economic activities, including various 

types of pollution, materials discarded during production and 

consumption, and discarded outputs. 

Waste saturation: The exhaustion of an individual’s capacity to absorb a 

waste without incurring natural cost, due to the physical constitution of 

the human body.  Waste tolerance is analogous to output satiation and 
labor saturation. 

Well-being: Part of ENL's economic goal of sustainable well-being: the 

maximum achievable health from production and consumption, plus the 

satisfaction of all authorized wants. 
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APPENDIX B  
PHYSICAL HEALTH INDEX 

easonably accurate quantification of an individual's health level can 

be achieved in ENL through the application of the physical health 

index (PHI).  Such indexes are common in the field of health 

measurement and have been constructed for a variety of purposes.99  One 

PHI, for example, permits the evaluation of social policies relating to 

assisted living facilities.  Another helps to assess the need for medical 
interventions.  ENL's PHI is intended to reflect the health changes resulting 

from consumption and production.  It is based on the high-level 

abstraction shown in figure B-1. 

R 
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ENL is primarily concerned with the physical effects of economic 
activities on the human body.  These effects can be measured through 

changes in the body's capacity to interact with the outside world.  Such 

interactions include the use of speech, the five senses, the sexual organs, 

and the four limbs, plus the vitality, strength, endurance, resilience, etc. 

required to make these interactions efficient and enjoyable.  Following the 

prevailing convention within the health measurement field, these people-
world interactions are referred to as functioning.  This term should not be 

confused with the "functional theories" discussed in the text. 

For the purposes of this model, the human body is seen as a 

combination of vital and non-vital structures.  Non-vital structures are 

those that do not cause death when they are destroyed.  This holds true for 

the senses, the limbs, and the other components associated with 
functioning.  Vital structures are those that do cause death when they are 

destroyed and their activities are not replaced.  This holds true for many 

internal organs, such the heart, liver, lungs, intestines, kidneys, and brain.  

The non-vital structures interact with the world, thus accounting for much 

of humankind's experiences, while the vital structures provide 
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physiological support for the non-vital structures.  Figure B-2 shows the 

PHI model in more detail. 

 

Most health indexes range from zero (death) to either 1.0 or 100 

(maximum achievable health).  The PHI model used in ENL adopts 0 for 

death, but a socially-determined number for maximum health.  This is 

discussed below.  Some current health indexes permit negative numbers on 

the assumption that certain excruciating health experiences can be deemed 
"worse than death".  This possibility must be recognized in the medical 

field to judge the need for medical intervention, but it has little relevance 

to economics and is not used in ENL. 

Based on the abstraction above, ENL's PHI is a combination of the 

health of the vital structures and the health of the non-vital structures.  

This means that two sub-indexes are required. These are called the support 
index for vital structures and the functioning index for non-vital structures.  

The overall index must be constructed in such a way that the complete loss 

of any vital structure results in a PHI of 0 - that is, death.  There is no such 

requirement for the complete loss of a non-vital structure. 
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Consider the support index first.  The effectiveness of the heart or liver 

in performing its intended tasks can be scored on a scale of 0 (non-

operation) to 1.0 (full operation).  Because the vital structures are internal 
and can only be analyzed by specialists, this score must be assigned by a 

medical expert, based on empirical tests. 

The functioning index differs significantly from the support index.  

Unlike the vital structures, the non-vital structures are external and 

mediate the human experience of the world.  They can thus be assessed by 

the non-specialist, and establishing their maximum scores is a matter of 
non-specialist judgment. 

The absolute scores assigned to fully effective non-vital structures are 

irrelevant.  What matters is their relative scores, reflecting the relative 

importance of these structures to the social group.  For example, an eye 

could be given an arbitrary maximum score of 100, and the group could be 

asked which fully operational limb or limbs (if any) they would sacrifice to 
keep the eye.  The details of such surveying and data interpretation must be 

left to experts in the field.  The result of their efforts will be a set of relative 

scores for the non-vital structures that can be summed to give the 

maximum score for the functioning index. 

The actual effectiveness of an eye, arm, etc. in performing its evolved 

tasks can, like a vital structure, be scored on a scale of 0 (non-operation) to 
1.0 (full operation).  This score can be assigned by a medical expert, based 

on empirical tests, in conjunction with the person's experience in using the 

structure.  From my research it appears that the health measurement field 

is highly mature in making such joint determinations. 

To meet the requirement that a score of 0 for any vital structure results 

in a PHI of 0, the individual vital scores can be multiplied together, and the 
support index can be multiplied by the functioning index.  Alternative 

mathematical operations are possible, and should be considered by experts.  

Summarizing the above mathematically, using V1 etc. for vital structures 

and NV1 etc. for non-vital structures, we have the following: 

Support Index (SI) =   V1 * V2 * ... * Vn 

Functioning Index (FI) =   NV1 + NV2 + ... + NVn 
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Physical Health Index (PHI) =   SI * FI 

Following are several examples for illustration.  For simplicity, I assume 

that there are only three vital structures and three non-vital structures.  
Each non-vital structure has an assumed maximum score of 100, for a 

maximum functioning index of 300. 

Example 1: 

A non-vital structure is lost.  The other non-vital structures, and all 

vital structures, have perfect scores. 

FI = 100 + 100 + 0 = 200 
SI = 1.0 * 1.0 * 1.0 = 1.0 

PHI = 200 * 1.0 = 200 

Example 2: 

Two non-vital structures lose 60% of their operational effectiveness.  

The other non-vital structures, and all vital structures, have perfect 

scores. 
FI = 40 + 40 + 100 = 180 

SI = 1.0 * 1.0 * 1.0 = 1.0 

PHI = 180 * 1.0 = 180 

Example 3: 

A vital structure loses 50% of its operational effectiveness.  The other 

two vital structures, and all non-vital structures, have perfect scores. 
FI = 100 + 100 + 100 = 300 

SI = 1.0 * 1.0 * 0.5 = 0.5 

PHI = 300 * 0.5 = 150 

(The partial failure of a single vital structure means significant 

health loss.) 

Example 4: 
All three vital structures lose 60% of their operational effectiveness.  All 

non-vital structures have perfect scores. 

FI = 100 + 100 + 100 = 300 

SI = 0.4 * 0.4 * 0.4 = 0.064 
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PHI = 300 * 0.64 = 19.2 

(The partial failure of multiple vital structures means massive 

health loss.) 

Example 5: 

A vital structure is lost.  The other two vital structures, and all non-vital 

structures, have perfect scores. 

FI = 100 + 100 + 100 = 300 

SI = 1.0 * 1.0 * 0.0 = 0.0 

PHI = 300 * 0.0 = 0.0 
(The individual is dead.) 

Using the above index, or a more sophisticated version arising from 

professional involvement in the ENL project, it should be possible to gauge 

an individual's health level with reasonable accuracy.  The more 

challenging problem, calling for considerable research, is to determine how 

health levels change as a function of economic activities under various 
conditions.  To the best of my knowledge, no-one has yet tackled any 

aspect of this important work. 
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Scientific American, Harold M. Hubbard, April 1991, 42.) 

4 Joseph Schumpeter, History of Economic Analysis (New York: Oxford 

University Press, 1954), 869. 

5 Hans C. Ohanian, Physics (New York: W.W. Norton & Company, 1985), 

225. 
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Uncommon in the Universe (New York: Springer-Verlag, 2000), 172. 

7 For an example of the Laffer curve, see Lipsey and Ragan, Economics 

(Toronto: Addison Wesley Longman, 2001), 432.  A different version can be 

found in Michael Parkin, Economics (Reading: Addison-Wesley Publishing 

Company, 1990), 909. 
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Nations (Chicago: University of Chicago Press, 1976 - first published in 
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9 Karl Marx, Capital: A Critical Analysis of Capitalist Production (Moscow: 
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like the peelings.  However, this made the peelers an unattractive brown, 
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14 Peter Francese in Advertising Age, quoted in Michael Kesterton's 
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objective needs, much as Adam Smith’s progressive musings in Wealth of 

Nations were expurgated as standard economics was developed. 

16 British economist Richard Douthwaite cites a study that asked 2,000 
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general.  His summary:  "... the best predictor of whether people would say 
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men.”  (Thomas Carlyle, Past and Present (London and New York: 
Everyman’s Library, 1843). 
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University Press, 1954) 991. 
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potatoes.  ("Greenhouse double whammy for some crops ...", New Scientist, 
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2006).  Especially useful are pp. 10-30, where the theoretical and practical 

issues surrounding health measurement are outlined. 
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