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Foreword 

 

‘Concerned, although not pessimistic, as I am, about the direction we are heading with our 
world, the topic of sustainability to me is a guide to  

‘a future with a future’ 

‘The great opportunity I have had to contribute to a more sustainable environment in my 
own working environment in Portugal has given me the courage to go beyond the limit of. 
Many decisions are made without clear information as to their effect on environmental, 
social or cultural capital. Many of these take into account only the economic effects. Although 
I found no evidence in my research that people are unwilling to change their behaviour, they 
do make their choices on the basis of whatever information is available, and weigh that 
information against their morals, norms and values. When we look at people’s morals, norms 
and values, there is no reason to assume that they would not want to help bring about a 
better world’ (Lenders, 30 July 2004). 

 

This is a passage I included one decade ago in my master’s thesis on what I then called ‘The 
Sustainability Price Accounting’. Although the concept was well accepted, however the 
comments were ‘not for the moment’. During the financial crisis people started to realize 
that our economy had been built on the wrong foundation. This encouraged me to quit my 
job and pick up my studies in an effort to become better prepared to carry this concept into 
the world. My hope in the next decade is to implement the Best Practice Price and, in doing 
so, further more effective decisions. 
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Abstract 

The market, based on private cost and benefits, is not perfect. Externalities are excluded, not 
all the goods have a price and actors in the market lack information; furthermore, the market 
fails to provide access to information on social costs. Social costs amount to the sum of 
private costs and the costs of externalities. The Best Practice Price (BPP), the sustainability 
metric, can fill this information gap. BPP is an approach that measures the prevention costs 
or the costs of the best practice, rather than the damage our decisions provoke. BBP sets 
sustainable goals, identifies the best practice and determines the price of that practice - the 
BPP for basic production factors and processes - taking social, environmental and economic 
aspects into account. The subjective character of many goals to be set have to be handled in 
a Decision Making Infrastructure. Stakeholders’ opinions, as an input for the models, are 
weighted to ascertain a ‘virtual consensus’ on topics, which, in practice, we would otherwise 
never happen Actors in the market can base their decisions on BPP relative to the market 
price expressed in the BP-Index. This research provides the theoretical framework for the 
BPP approach and proposes models for making practical decisions; applications are also 
indicated. Although this investigation demonstrates that it is possible to express social costs 
in one unit, more research is necessary to make BPP operational. 
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1. Introduction 

 

In this chapter I will state the problem and give a definition of sustainability. 

 

 

 Statement of the problem  

 

We are in crisis now. The assumption that capitalism and our free market are the cause of 
the crisis could have many followers. Capitalism and free market only function in a perfect 
market situation. The market now is far from being perfect. The market mechanism, or the 
‘Invisible Hand’, as Adam Smith called it, should ensure that in a perfect market the demand 
and supply of resources find equilibrium at a Pareto efficient optimum. 

 

The power of the market mechanism is not the cause of the economic, environmental and 
social crisis we are now experiencing. It is the imperfect state of the market that leads to an 
undesired equilibrium. A perfect market reflects perfect competition, for which several 
conditions have to be met. These conditions are: 1) the absence of externalities, 2) that all 
goods have a price and 3) that every actor in the market has access to perfect market 
information. Since these three conditions cause market failure, they are important for this 
research. This is because the market failure manifests itself in decisions leading to 
externalities perceived as undesired and far from the desired state of a sustainable world.  

The research question is therefore: 

How can we find the social costs of our decisions and how can we make that information 
available to actors in the market? For this we make use of the Best Practice Price (BPP). For 
BPP we first have to determine a best practice. From then we have to find the price of that 
practice. In this research you will find the theoretical framework of social costs and BPP in 
chapter 2. In the chapter 3, 4, 5 and 6, respectively land and land-use, labour, natural 
resources and other important factors and models are suggested to find the best practices 
and the price of those practices. In Chapter 7 a sample is given of a calculation of the BPP of 
a product and the results of this research are resumed and discussed. Finally findings are 
discussed and recommendations are given for further research. The aim of this research is 
to provide a base for further development and discussion and is not meant as a doctrine for 
BPP. The complexity of the world however will demand an ever deepening research to map 
best practices and give them a value. 
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 Definition of Sustainability 

 

Sustainability has become an expletive, woolly container concept that is blindly attached to 
any mission, vision or strategy of any organization, without really knowing what it means. 
The most well-known definition, taken from the ‘sustainable development’ definition in the 
Brundtland report (World Commission on Environment and Development, 1987) is 
‘development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs. ‘Meets the needs’ is very vague. As Fricker (1998) 
mentions: ‘This very noble definition, however, defies objective interpretation or 
operational implementation’. It clearly takes the intergenerational aspect into account. 
However, it does not explain how to reach that goal. Fricker (1998) makes it vague by stating 
that: 

‘Sustainability, therefore, may be something more grand and noble, a dynamic, a state of 
collective grace, a facet of Gaia, even of Spirit. Rather than ask how we can measure 
sustainability, it may be more appropriate to ask how we measure up to sustainability.’ In 
this approach, we are helpless in our quest for this ‘state of eternity’. Fricker (1998) makes 
it more concrete by saying, ‘we have been ignoring subjective and non-physical dimensions 
of the collective self as well as the individual self.’ While focussing on the tangible world of 
economics (the short-term profits, which can be expressed in money), we have been blind 
to what it really costs to achieve these short-term profits and what the consequences are in 
the long-term. These I call the social costs for the individual and for the common good. 
Viederman (1995) in (Fricker, 1998) offers the following definition of sustainability: ‘a 
vision of the future that provides us with a road map and helps us focus our attention on a 
set of values and ethical and moral principles by which to guide our actions’. We can identify 
the intergenerational aspect with the word ‘future’; the word ‘a vision’ is still vague. 
Viederman then links ‘a vision’ to ‘a roadmap’, which is common sense to me, since a vision 
should, per definition, be followed. Viederman (1995) describes well a method on how to 
reach our goal ‒ ‘a set of values and ethical and moral principles’. He then repeats what he 
first calls ‘a roadmap’ by ‘to guide’ but now links it to ‘action’. Action can be translated into 
day-to-day decisions. So, first envision the future (vision) and set ‘values, ethical and moral 
principles (mission, what are our highest goals) and ‘action’ (strategy), the translation of the 
vision and mission into our daily decisions. Viederman (1995) in (Fricker, 1998) bases 
sustainability on three principles: 1) the humility principle, which recognizes the limitations 
of human knowledge; 2) the precautionary principle, which advocates caution when in 
doubt and 3) the reversibility principle, which does require us to make any irreversible 
changes. These principles should be kept in mind while we determine our mission. Fricker 
(1998) concludes: ‘we must look beyond conventional measures to include a sense of quality 
of life, well-being, belonging, relatedness, and harmony. We may have to be prepared to 
accept semi-quantitative and even qualitative indicators’. Furthermore, he (Fricker, 1998) 
writes that ‘environmental and social indicators are rarely expressed as a single index. 
Nevertheless, there is some interest in developing a single index of sustainability based on 
a weighting of a selection of economic, environmental and social indicators’. From his 
analysis (Fricker, 1998), we learn that all current indicators are focussed on the ‘final state’, 
the ‘desired state’, the ‘climax community’ of our society, the environment or the economy. 
This approach meets many difficulties in measuring and aggregation due to the complexity 
of society, the environment or the economy. Hart (1995) in (Fricker, 1998) identified the 
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criteria a sustainability indicator (see Box 1 Criteria for a sustainability indicator (Hart, 
1995) in ). 

 

1. ‘multidimensional, linking two or more categories (e.g. economy and environment) 

2. forward looking (range 20–50 + years) 

3.  emphasis on local wealth, local resources, local needs 

4. emphasis on appropriate levels and types of consumption  

5. measures that are easy to understand and display changes  

6. reliable, accurate, frequently reported data that are readily available; and  

7. reflects local sustainability that enhances global sustainability 

Box 1 Cri teria for a sustainabi l i ty indicator (Hart, 1995) in (Fricker, 1998)  

Although this list is complex enough, the first and second criteria still lack important 
information. In the case of the first criterion, sustainability by definition has to be three-
dimensional; this is called the triple-P approach (people, planet and profit) or Triple Bottom 
Line (Elkington, 1994). Concerning the second criterion, the forward-looking range should 
be closer to 100 years in some cases, as for non-substitutable depletable resources. Also, 
Fricker (1998) adds ‘quality of life, sense of safety and security, sense of relationship to 
others and our connectedness with the Earth’. Finally, he (Fricker, 1998) adds a criterion 
that reflects the degree of choice an individual has in an action. This criterion marks the 
difference between current indicators and Best Practice Price, whereas many indicators try 
to measure the whole; BPP provides a tool at the level of action, the decision making process. 
An example is the Dow Jones Sustainability Index of leading sustainability-driven companies 
worldwide. This index is an assessment of the company as a whole. BPP’s starts with the 
assessment of decisions made by that company to apply production factors and their choice 
for processes. These decisions create products which will or will not be sustainable. So the 
criterion of choice of every decision is important and ought to directed in the right direction. 
Of great importance is the level where sustainability is been measured, within the supply 
chain, at consumption level or stage of disposal. This makes sustainability metrics still more 
complex. Fricker (1998) states, ‘even though we cannot define sustainability objectively and 
unambiguously, we should not abandon or defer attempts to measure it’. This shows that 
metrics are trying to measure sustainability, as an entity on its own, as a goal in itself with 
all the difficulties entailed. BPP has an opposing approach. BPP does not have as primary 
goal, the state of sustainability. BPP starts at the level of decision-making with the conviction 
that as long as every decision is in the right direction, we do not need to measure the final 
result.  

If you control every step you make, without knowing your destination you will reach it1. 

                                                        
1 Thi s i s di fferent from the quoted expression of Charles Lutwidge Dodgson : ‘ I f  you don’t know 

where you’re going, any road wil l  get you there’.  
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In the next section, we will consider the foundation on which we make our decisions, the 
private costs, followed by the social costs (BPP), which I will introduce here. From there, I 
will explain how to determine and apply BPP. Then I will outline the implementation and 
expected 
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2. Theoretical Framework 

 

Introduction 

 

In this chapter, I will try to find the base of our current economy and the origin of the social 
costs. From there I will introduce BPP and explain how to determine BPP. Lastly, I will 
outline the expected results of BPP. 

Abstract 

Social costs have their roots going back to Aristotle which he called the natural acquisition 
of oikonomiké which is wealth. At the cradle of the classic economy in which products’ value 
is measured in the costs of labour, Adam Smith refers to cost in its broadest sense of input, 
‘Every thing’.  The current market reflects the neo-classical school of thought referring to 
the unnatural acquisition, as where the value is determined by the market mechanism, based 
on Walras’, Menger’ and Jevons’ marginal utility theory of value. Walras’ general equilibrium 
theory explains how the market finds the Pareto Optimum. This only in a perfect market, a 
market which satisfies the conditions as, inter alia, there are no externalities, everyone has 
all information and all goods are valued. Current market is far from a ‘perfect’ state. The 
reason for this research is to contribute to improve the perfection of the market. The Best 
Practice Price (BPP) approach is based on social costs, which include private costs and 
externalities and expresses this information in a monetary unit available along the supply 
chain. The BPP determines, based on science and whenever needed, a weighted opinion of 
stakeholders the best takes. From then the costs of that practice are the social cost, the BPP. 
It is expected that information on the social costs can influence decisions throughout the 
supply-chain and contributes to more sustainable decisions. 

 Private and Social Costs 

 

Two millennia ago the Greek philosopher Aristotle used the word oikonomiké for the use of 
wealth and chrematistiké for the provision, production or acquisition of wealth (Crespo, 
2005). He divided ‘acquisition’ into natural and unnatural, the first belonging to the 
oikonomiké and limited. According to Aristotle, ‘it follows that one form of acquisition is 
naturally a part of the art of household management. It is a form of acquisition which the 
manager of a household must either find ready to hand, or himself provide and arrange, 
because it ensures a supply of objects, necessary for life and useful to the association of the 
polis or the household’ (Politics I, 8, 1256b 27–30) in (Crespo, 2005). The second looks 
unlimitedly for money. He said ‘this second form[leads] to the opinion that there is no limit 
to wealth and property’ (Politics I, 9, 1257a 1) in (Crespo, 2005). This is exactly the 
difference between the origin of social and private costs. In poetical terms, the social costs 
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can be described by the ‘craftsman, priest, doctor and bookkeeper’, as housekeepers of our 
society, our planet and our economy. The private costs, or market price, is a derivate of a 
distillation of the opinions of positivists, marketers, opportunists, monopolists, short-term 
thinkers, desired to be re-elected politicians and opportunists mixed with power, money and 
greed ‒ in short the witches’ cauldron of the market. In real terms, social costs represent the 
costs due to production and consumption, including costs and benefits not recognized by 
the market like social and environmental aspects. The private costs are the costs recognized 
by the market. 

 

Thomas Aquinas, an Italian Dominican friar and priest (1225-1244), is known for his view 
on ethics and justice in economics. Not hampered by any knowledge of the economy, he 
strived for fairness and fought against usury and too high prices. He elaborated the concept 
of Just Price, a concept seen by many economists as nebulous(Roover de, 1958) . Best 
Practice Price, just like any attempt to quantify the generic term sustainability and social 
costs, needs a lot of persuasion to combat that prejudice of vagueness. The theoretical 
framework of Best Practice Price represents an attempt to find the Just Price, however, from 
a slightly different perspective than Aquinas’ Just Price. Aquinas tried to set a standard of 
fairness. What these concepts have in common is the influence the society has on 
benchmarking the market mechanism on their ethic norms. The difference is that BPP 
includes not only the social, but also the ecological and economic ethics, and considers future 
generations. For Aquinas, prices were mostly too high, which was not fair to the poor. For 
BPP, prices are mostly too low in order to pay for private costs and all externalities. 

 

Adam Smith, in his great work, The Wealth of Nations, mentions ‘Real Price’ or ‘Natural 
Price’, referring to the amount of labour needed to produce a marketable commodity. This 
is referred to in the literature as the labour theory of value. As Smith wrote: 

‘The real price of everything’(Smith, 1776a). ‘What every thing really costs to the man who 
wants to acquire it, is the toil and trouble of acquiring it. What every thing is really worth to 
the man who has acquired it, and who wants to dispose of it or exchange it for something 
else, is the toil and trouble which it can save to himself, and which it can impose upon other 
people’.  

With costs, Smith meant subjective costs like suffering. ‘Every thing’ includes more than the 
cost of manufacturing; it can include suffering, not only as seen from a social perspective, 
but also from the perspective of the planet and from society as a whole. Then costs include 
externalities caused by manufacturing that are not included in the private cost of 
manufacturing. Smith’s interpretation of value is the quantity of labour involved in the 
commodity and the exchange value in terms of labour a product has to other commodities. 
Ricardo criticizes the Smith theory: 

‘Adam Smith, who so accurately defined the original source of exchangeable value, speaks of 
things being more or less valuable, in proportion, as they will exchange for more or less of 
this standard measure. Not the quantity of labour bestowed on the production of any object, 
but the quantity which it can command in the market, as if these were two equivalent 
expressions’(Ricardo, 1817). 
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Ricardo draws attention to the principal differences in Smith’s interpretation of value: the 
opposing origin of the price of a commodity. Smith first refers to the cost in its broadest 
sense of input, ‘Every thing’. Cost is a compensation for risk to provide labour (wages), land 
(rent) and (profit on) stock (Smith, 1776b). He then also refers to the market mechanism of 
demand and supply that determines the price of a commodity. This is a clash of classical 
economists, who take cost of production as a value, with neoclassical economists, who value 
a product, depending on the utility the product provides to an individual. With these two 
interpretations of value, Smith has given us the definition of social costs and private costs. 
The social costs refer to Smith’s phrase: ‘What every thing really costs to the man who wants 
to acquire it, is the toil and trouble of acquiring it’ (Smith, 1776a). The social costs include 
‘Every Thing’, and concern the cost of production in the broadest sense, including 
externalities. The private costs are limited to costs visible on an invoice or equal to the 
market price owing to demand and supply. An interesting phrase of Smith is ‘the natural 
price, or the price of free competition, on the contrary, is the lowest which can be 
taken.’(Smith, 1776a) 

 

In a perfect market, the market price is thus set at its lowest level to pay for all input. 
However, only in a perfect market, are all inputs valued by the market; no externalities exist 
and everybody has access to information. In this respect, the current market is, among other 
criteria, far from being perfect. Therefore relying on the market to regulate the payments 
for risk in the provision of land, labour and resources is risky per se. The unnatural 
acquisition, as Aristotle defines the market mechanism, results in a price due to the desire 
of someone to acquire it. This desire depends on how much one is in need of it. At the same 
time as Walras and Menger, Jevons, an English economist in General Mathematical Theory 
of Political Economy (1862), outlined the marginal utility theory of value. In this theory, 
Jevons defends the value or utility of an extra unit of product to consumers as being inversely 
related to the number of units of that product (above a critical limit). In Jevons’ statement: 
‘Value depends entirely upon utility,2 where the unnatural acquisition in the theory of 
Aristotle is referred to, and the private costs in our comparison to social costs. It was a 
revolutionary turning point from the classical theory of value to the neoclassical school. 
Historically, this is known as the marginal revolution. 

Today’s economy, the private cost economy, is based on marginal utility instead of the costs 
in the natural sphere, and in the broadest sense of acquisition. This is the base where Best 
Practice Price finds its usefulness by contrasting the market price to the ‘Real’, ‘Natural’, 
‘Just’ price ‒ the social price. The origin of social price dates back to Aristotle and has affinity 
with the labour theory of value. The social costs are derived from the chrematistic 
acquisition of the natural provision, production or acquisition of wealth, and have a relation 
with the classic economy of the labour theory of value. The private costs, on the other hand, 
are obtained from the chrematistic acquisition of unnatural provision, production or 
acquisition of wealth, and associated with the neoclassic theory of marginal utility. Back to 
the marginal utility at the base of the general equilibrium theory, the general equilibrium 

                                                        
2 Source (“Wi l l iam Stanley Jevons: The Concise Encyclopedia of Economics | Library of Economics and 

Liberty,” 2014)  



 

8 

theory of Walras (Walras, 1874) provides a base to understand how the market mechanism 
always seeks a Pareto efficiency. Pareto Efficiency is the equilibrium ‘when no one can be 
made better off without making someone else worse off’ (Pareto, 1906). It was Pareto who 
debunked the relation between the economy and the utilitarian philosophy by saying ‘‘Good” 
cannot be measured’. His alternative was Pareto Optimality, which is a Pareto efficiency for 
a system enjoying maximum economic satisfaction, under the assumption of a perfectly 
competitive market (Vijay, 1991). In theory, this optimality can be reached when all 
prerequisites are in place. In reality, however, the market is far from perfect. In addition, 
those who advocate that we can rely on the market have to admit that the results of the 
market mechanism are far from optimal. If conditions for a perfect market are met, the 
general equilibrium theory of Walras (Walras, 1874) can prove that a market will reach 
equilibrium of supply and demand. This equilibrium is called the Pareto Optimum (Debreu, 
1972). Capitalism, which enables a market mechanism to function and provides a ‘perfect’ 
market, has proven to be very powerful in creating economic growth (Baumol, 2002). 

 

Three main imperfections of the market avoid sustainable efficient optimality. These 
imperfections are centred on the existence of externalities, the fact that not all goods have a 
value and information asymmetry. The first imperfection of the market is the existence of 
externalities. An externality is ‘a cost or benefit that results from an activity or transaction 
and that affects an otherwise uninvolved party who did not choose to incur that cost or 
benefit (Buchanan, 1962). Avoiding externalities in your decisions is doing business ‘at any 
cost’. In practice, individual utility rises at the cost of the community. Externalities can be 
categorized into social, environmental and economic externalities, referring to the Triple-P 
approach. 

 

The second imperfection of the market is the fact that not all ‘goods’, in the broadest sense 
of the word, are priced. Excluded from the market are common goods, specifically, public 
ones. Public goods are characterized by ‘non-excludability and non-rivalry in their 
consumption’ (Deneulin & Townsend, 2007). Thus, neither the market (unlike private 
goods), nor public entities (unlike domestic public goods) are able to secure the public goods 
(Deneulin & Townsend, 2007). While globalization dominates the market, ‘new institutional 
and instrumental arrangements (Héritier, 2002) have to be installed to fill this gap of 
governance. Good governance of global public goods is based on ‘the recognition that the 
“good life” of the communities that people form is a constitutive component of the “good life” 
of individual human beings’ (Deneulin & Townsend, 2007). Daly and Cobb (1989) stated: 
‘For the common good: redirecting the economy toward community, the environment, and 
a sustainable future‘. That awareness that common goods are not included in the market 
mechanism and insufficiently protected by public entities is a call for the introduction of the 
social price. 

 

The third important imperfection of the market is the information asymmetry. Information 
provided by sustainability metrics, labels and claims are translations of the value of avoided 
externalities. If we follow the supply chain, we can identify a number of stages of risk for 
externalities. Metrics, labels, laws and regulations try to avoid these externalities. An organic 
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farming label prevents externalities linked to the use of chemicals. The insecticide DDT is 
prohibited by law. Fair trade protects small farmers from being exploited. Minimum wages 
prevent poverty. Renewable energy labels prevent depletion of fossil fuels. Subsidies 
stimulate solar energy. The FSC Forest Stewardship Council U.S. protects forests for future 
generations. The energy labels for household appliances help to inform consumers resulting 
in better choices and due to that reduce externalities linked to the use of energy. Taking 
externalities into account supports informed decisions. However, it is difficult for a producer 
or consumer to interpret and sum the fragmented information in order to compare products. 
From a triple-P perspective, metrics, labels and claims offer asymmetric, incomplete, non-
interpretable, and mostly fragmented information. They either only focus on one of the three 
‘P’s’, or they highlight only part of the supply chain. Further, they are either expressed in an 
incomprehensible unit or the information is difficult to link. This makes it hard to effectively 
assess the social cost associated with a product or consumption. 

 

Judging the economic, social and environmental costs and benefits, now and in the future, 
and from cradle to grave, is complex for day-to-day decision-making. Besides the quality of 
the information (which causes confusion), the overflow of information provokes ambiguity 
and difficulties. The information asymmetry causes market failure. Tellis and Wernerfelt 
confirm this: 

‘We present an analysis of equilibrium in markets with asymmetrically informed consumers. 
Some consumers know both price and quality of all sellers, whereas others know neither but 
may search among sellers. The equilibrium correlation between price and quality generally 
increases with the level of information in the market and can be negative when this level is 
sufficiently small. A meta-analysis of the available empirical studies strongly supports the 
model's predictions’ (Tellis & Wernerfelt, 1987). 

 

The market, with all its imperfections, still tries to find equilibrium. This equilibrium is not 
a Pareto optimum. Rather, it is like entering the wrong coordinates in your navigation 
device. You will reach the set goal, but not your own goal. The current market is solely 
focussed on private costs and benefits causing the social costs and benefits to decrease. As 
an example, the market does not focus on the depletion of clean water, since one can buy 
flowers grown in areas, like African countries, where water is scarce. Only after sufficient 
laws, regulations, and certificates have been put in place, is the market forced to take the 
water shortage into account. In Portugal, paper mills pay 30 years of rent to exploit land for 
eucalyptus plantation. The innocent farmer is satisfied with this relatively short-term 
benefit, not realizing that his land and even the whole area will erode due to the enormous 
water absorption of these exotic trees. This causes forest fires, which cause logging 
companies to go bankrupt. The government, in need of short-term solutions, does not take 
actions to avoid these practices. Meanwhile, the local environmental state and the economic 
climate have changed in the negative sense. Recently, a biomass electricity plant has opened 
for sustainable renewable energy production with the help of European incentives. The 
area’s organic matter content is very low and now might go below a critical level and ‘fuel’ 
erosion causing hillsides to become unproductive. Shale gas is another example where 
private profits seem to prevail over social profits. The risk assessment for irreversible 
pollution of subsoil and groundwater is overshadowed by the dollar signs in the eyes of the 
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energy companies and the government. On the other side, intensive farming has a negative 
image when it comes to sustainability. Taking the social costs of land use, labour and natural 
resources into account, intensive farming might well be the most sustainable way to feed the 
ever-growing population on our planet. But up to the time we are not able to measure it, 
green is per definition sustainable. 

 

The above illustrates the power of the market mechanism and its direction. Private benefits 
have gone up at the cost of social benefits. The loss of biodiversity, global warming and the 
inequalities in allocations of wealth, welfare and health are testimonies. This one-sided focus 
of the market could be one of the reasons for the current economic crisis in the Western 
world. This would, however, contradict the expectations of a perfect market that promises 
equilibrium, in this case prosperity of private benefits. This might prove that we have 
already gone below a certain threshold. 

 

Now that we know the origin and reason for the social costs, we can focus on how they relate 
to the term sustainability and how to determine them. Social costs are the sum of private 
costs plus the costs or benefits of externalities. 

 

𝑆𝑜𝑐𝑖𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 = 𝑃𝑟𝑖𝑣𝑎𝑡𝑒 𝑐𝑜𝑠𝑡𝑠 + 𝑐𝑜𝑠𝑡𝑠 𝑜𝑟 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 𝑜𝑓 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙𝑖𝑡𝑖𝑒𝑠 

 

Any decision creates or destroys value. Decisions based on private costs, ignoring social 
costs without the burden of the consequences, lead to opportunistic behaviour. The state of 
being of our society, planet and economy is the accumulated value of all decisions made. 
Decisions based on social costs inherently lead to a sustainable world. 

 How to find the BPP? 

 

The social cost of a product is an aggregation of many decisions made in the selection of 
input, production process, sales, and consumption and, finally, disposing the product. It 
seems impossible to assess and total all these decisions based on their social costs. The cost 
price of a product is, however, an aggregation of all private costs of any product produced 
with millions of decisions made dispersed over our globe. A producer chooses production 
factors like land, labour, natural resources, et cetera and bases his /her decision on the 
private costs. At the end of the supply chain, this results in the final market price of the 
product. The concept of BPP, based on Sustainable Price (Lenders, 2004), will provide the 
social cost of basic production factors (see Figure 1). 
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Figure 1 The supply chain from cradle to grave 

The whole supply chain can be calculated with these production factors. Appendix 1 and the 
example of (Lenders, 2004) illustrate a supply chain of the production of aluminium tins 
based on fictitious values. In the following chapters, various models will be introduced to 
calculate the social cost of production factors. Just as for the private cost, the producer can, 
with the provided BPP of the production factor, calculate the accumulated social costs of the 
product. During production, decisions are made on the type of processes. As for the 
production factors, we determine the social costs of the process. As an example, a diesel-
powered engine without a diesel particulate filter has certain private costs. The social cost 
is the increase of respiratory problems due to particulate matter. Instead of trying to 
calculate the health cost society suffers due to the emissions of this engine, we simply try to 
find prevention costs for particulate matter. If a filter, mounted on the engine can solve the 
problem, then the cost of the filter is the social cost of that type of engine where particulate 
matter is concerned. The producer adds all private costs, which result in the sales price, and 
adds the costs of the externality to find the final BPP of the product. Both prices are 
presented to the client (Figure 2). The BPP is then: 

‘the price a product would cost if it would have been produced according to the best 
practices’(Lenders, 2004) 

 

The BPP does not have to be paid and serves solely as a benchmark to the private costs, the 
market price (MP). The Best Practice Index, the ratio of the BPP to the market Price (MP), 
indicates how sustainably a product is produced. 

 

BPI =
BPP

MP
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Finally, consumption and disposal of the product can add more private and social costs. If 
they can be foreseen, these costs are included in the BPP. 

 

 

Figure 2 Price Tag of a product (Adapted from(Lenders, 2004)) 

 

Every decision made at any level of the supply changes the MP, and so will BPP change, with 
the BPI indicating how sustainable a product is produced. The Best Practice Price has to be 
determined for all inputs at the base of the supply chain. From then on, producers will pass 
their calculated BPP over the next link in the chain just as they do with the MP. Companies 
or industries with best practices will show a narrow BPI compared to companies with 
depreciated, outdated dirty technologies with low private costs. 

 Outline of implementation 

 

The Best Practice Price approach requires a decision-making infrastructure (DMI) to 
establish parameters and communicate with stakeholders. The parameters and social, 
environmental and economic data form the input of the models that calculate the BPP of 
main production factors and processes. Producers are linked to the database to extract 
specific data for their sector in order to calculate their BPP. This decision-making 
infrastructure will find common goals on important issues. These issues can be, for example: 
How many years should our reserves of crude oil last? Different stakeholders like scientists, 
producers, consumers, citizens, NGOs and public entities will each have their own 
perception. In order to set goals we have to handle the subjectivity. 

 

As we know from round tables or climate conferences, finding consensus is a vain hope. 
Therefore, an expert panel gives weight to the stakeholders. Weighted opinions lead to a set 
of goals that is as neutral as possible. These goals are part of the variables of models. The 
stakeholders’ involvement increases the chance the outcome will be accepted by the 
stakeholders. The World Wide Web will play a major role in this infrastructure to reach 
stakeholders and to keep data real-time. Achieve consensus and resolute goals and actions 
on a global scale with regard to delicate matters such as climate change, animal welfare, 
deforestation or poverty mitigation has proven to be next to impossible. This decision-
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making infrastructure is counter-intuitive to the current political and commercial hierarchy; 
furthermore, it can be kept free of political or commercial influence and is free to cross 
boarders and set goals on meta level on an intergenerational time horizon. 

 

The Best Practice Price Foundation (BPP®) is a non-profit foundation to host the database 
and to communicate the outcomes to stakeholders. Especially in the beginning, it will be 
difficult to find companies to collaborate. The BPP® will calculate BPP based on estimation 
and confront producers with the outcome. Companies whose products score high are 
expected to be more willing to collaborate in order to improve their score and communicate 
the comparative advantage. BPP® will also fill in the data gaps within supply chains to 
facilitate companies for collaboration. To prevent fraud, participating companies can only 
disseminate the BPP if their accountant follows the guidelines and is certified. The BPP®, as 
coordinator, will attract financial support for research and find partners to elaborate it. 

 

 Expected results from the BPP 

 

Information determines our day-to-day life. Producers and consumers depend on sound, 
understandable and accessible information. As Bratt et al. (Bratt, Hallstedt, Robèrt, Broman, 
& Oldmark, 2011) mention:  

‘To turn current patterns of consumption and production in a sustainable direction, solid 
and understandable market information on the socio-ecological performance of products is 
needed.’ 

Product information is a tool for producers and consumers to make sound choices and 
provoke fast changes as proof (see box 2) 
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Information on chlorine use by paper mills 

‘The year was 1987, and many people were concerned about disease and deformities among fish and 

seals. It was mainly the very high level of chlorine pollution from the paper industry that was destroying 

life in our lakes and waterways. During paper manufacture, large amounts of chlorine were used to 

bleach the paper pulp and make paper white. The Swedish Society for Nature Conservation and other 

environmental organisations had fought for a long time to stop this pollution by means of legislation. In 

order to give environmentally aware consumers a chance to choose non-chlorine bleached paper, we 

(SSNC) worked with the Swedish Federation for the Environment to draw up environmental requirements 

for paper. We simply set a limit for how much chlorine could be emitted during manufacture. Paper that 

met this requirement was placed on a list. The list was then sent out to local authorities, county councils 

and others who used a lot of paper. At first, the producers insisted that they could not sell unbleached 

paper because it was too grey and unattractive. But when more and more local authorities and county 

councils began using the list for purchasing, the paper producers realised that consumers really wanted 

non-chlorine bleached paper, so they modified their paper mills to reduce chlorine emissions. Between 

1990 and 1993 chlorine emissions from the pulp industry were halved. This was an important success, and 

the first sign of consumer power and the processes that can be initiated through eco-labelling. 

Box 2 Influence of product information on decisions. Source: (SSNC, 1987) 

Companies do see the comparative advantage of being a leader in sustainable production. 
As Stankevičiūtė et al. (2012) wrote: ‘More and more enterprises interconnect their 
business strategies with sustainable development and in this way contribute to society’s 
sustainability.’ Companies are starting to realize that to flourish they need sustainable 
societies as Werbach (2009) in (Stankevičiūtė et al., 2012) states: 

‘Therefore, the changes, happening both in nature and society systems are important for 
companies, this is not only a questions of companies’ social responsibility – society’s 
sustainable development is essential for survival of the company.’ The problem is how to 
intertwine the business strategies and the sustainability strategy. Stankevičiūtė et al. (2012) 
emphasizes the influence corporations have on sustainability by applying their financial and 
human resources efficiently to strive for a sustainability. 

The BPP can fill this information gap and serve as a tool for a strategy to guide purchases, 
processes and sales. On product level, the BPP and the BPP-Index provoke competition 
among producers at each level of the supply chain. Two products, which attain the same 
preference from the consumer and have the same MP, can compete on their BPI. Current 
labels and claims represent the upper segment of the market; however, the externalities 
emerge at any price level. Cost leaders often do not compete on quality or engage in 
certification schemes that bear the costs. The cost leadership strategy can be achieved by 
market power or efficiency. In the first case, the suppliers are financially squeezed out and 
the chances of externalities are high. In the second case, the efficiency leads to a lower input 
of resources and is therefore probably more sustainable. At the upper end of the market, we 
might find products which are the result of a sustainable production; due to better practices, 
their price is closer to the social cost price, so their score for BPI will be low. Other products 
at the upper end of the market might not represent a sustainable production chain, but 
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achieve a high quality image through high marketing budgets and branding. These products 
will have very high social costs and a high BPI. So, just rising the price of a product does not 
lower the BPI if those costs are spend and processes which have high social costs. The BPP 
and BPI can serve as guides in the business and sustainability strategies. The firm can set 
goals for the BPI ‒ product and corporate ‒ both derived from their business and 
sustainability strategy. For management practitioners it becomes clear how to achieve 
sustainability. At corporate level, the corporate BPI of a company (the aggregated products’ 
BPI) is a measure of the corporate performance of a company in terms of sustainability. Just 
as the MP, the BPP and BPI reflect every decision made within the company, the core 
business of the company. There is no need for the company to ‘green wash’ their annual 
report with fiery rhetric to creatively manage their reputation (Laufer, 2003) or by 
sponsorship of possibly dubious charity goals3. Accounting the BPP within companies will, 
just as private performance measurements, form a base for micro- and macroeconomic 
indicators. In the end, one can calculate the BPP-GNP and the BPI of each country along the 
gross national product (GNP). Policy can set goals for BPI for public purchasing or import as 
a threshold within a certain production process or sector. The BPI can help consumers 
choose a product and can serve as a measurement of their consumption pattern on 
sustainability. On the sales slip of a supermarket, the BPI per product and the average BPI 
indicate the personal sustainability score. Personal BPI goals make the term sustainability 
tangible and practical. 

 

  

                                                        
3 Donations to charitable goals are taken into account in BPP and reduce the social costs of 
a company. 
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 Conclusion and recommendations 
 

The market is not perfect; due to the existent externalities, not all goods have a value in the 
market and not all actors have access to the correct information. BPP can be a tool to inform 
market actors so they can make sound decisions. Its approach is such that companies will 
provide the BPP alongside their cost price. At any level in the supply chain producers 
become aware of the sustainability performance of their products. For consumers, the BPI 
is a guide for their personal purchase patron. Public entities can set goals by the BPI. The 
BPP has a triple bottom line approach, which can be used by producers, policy and 
consumers. Expressed as a monetary unit, it accompanies the whole supply chain and is 
calculated just as the cost price is. It allows comparison of different products and handles 
subjectivity in a scientific way. However, much research is still necessary before this goal 
becomes reality. First, goals have to be set by stakeholders, which will require constructing 
a decision and information structure to deal with the subjective aspects .Science has to 
construct models for basic production factors and processes. All this will provoke 
considerable discussion and opposing view and goals. We know, however, that no 
alternative measurements are yet at hand with the characteristics mentioned above. The 
BPP is simply a tool. The goals set by the decision infrastructure will always be under the 
attack of critics. The art here is then to fine-tune the ‘goal-setting device’ to satisfy the 
stakeholders. A recommendation for further research is to emphasize the utmost 
importance of maintaining the BPP approach in all the different models to indeed uphold 
the principle of BPP, finding the price of the socially desired practice, and achieve the Best 
Practice Price. 
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3. Social Costs of Land and Land-use 

 

 Introduction 

 

The objective of this chapter is to explore parameters to model the social value of land and 
land use. First, I will discuss the results of a literature review, and then propose a model for 
the social value of land, which internalizes the value of ESS. I will test the model using four 
cases (examples), with the social value of land forming the input for the sustainability 
metrics ‘Best Practice Price’ (BPP). 

 

 Abstract 

 

The research described in this chapter has endeavoured to find some building blocks for the 
sustainability metrics of Best Practice Price (BPP). A model for ascertaining the social price 
of land and land use (biome) has been created, with the literature review providing the 
background for drawing up a list of 22 biomes showing the value of ecosystem services 
(ESS). These 22 biomes form the base of the model. The ESS for cropland was set at 1 using 
this list, while all other biomes received a ratio to cropland status. This ratio is called the 
Costanza Ratio (CR). Converting the market price of a biome to the ESS level of the potential 
biome (𝑉𝑔𝑠𝑝𝑏)of that plot of land makes it possible to ascertain the social value of a 

biome(𝑉𝑠𝑝𝑏) . Grassland in a biome of rainforest now shows a high social price and, 

consequently, of the beef produced on that land. The evolutionary value (EV) is taken into 
account for land-use change, where the EV, representing the value of an existing biome, can 
have an extreme high value for an ancient tropical rainforest. In the EV calculations, all 
former ESS produced by that biome can be considered to be reinvested in the biome, which 
increases its capital. The complex valuation of ecosystems has now been reduced to a simple 
approach, with the number of years necessary for applying the EV forming part of the 
discussion. The missed annual returns 𝑅𝑚 are caused by the conversion itself, while the 
costs of conversion are added to the social costs. 

 

 

𝐵𝑃𝑃 = 𝑉𝑠𝑝𝑏 = {𝑉𝑔𝑠𝑝𝑏 +/− 𝐸𝑉𝑏𝑥 −  𝑅𝑚 − 𝐶𝐶} 
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The value of social potential biome is the gross social value of the potential biome plus or 
minus the evolution value of the existing biome, minus the missed annual return of 
conversion and, finally, minus the conversion costs. The social value (BPP) of a biome is 
divided by the market value. 

BPI =  
𝐵𝑃𝑃 

𝑀𝑃
 

The Best Practice index (BPI) is the ratio of the BPP to the market price. 

The index shows how far a sustainable use of land is from the current use of land; if this is 1, 
the land use is sustainable. The model was tested using four examples. The number of years 
needed for applying the EV determines whether an existing biome has a high value. In the 
case of an ancient rainforest, with millions of years of production, this would block any 
clearing due to its infinite value. Where cropland is given back to nature, as in the Hedwig 
Polder in the Netherlands, the EV applies to100 years of cropland; the missed return due to 
conversion and its costs do not outweigh the increased return of ESS from the estuary. Since 
this model will serve as input for the discussion, it will have to be fine-tuned and tested. 

 

 Literature review 

As a child, I remember my father, a farmer, burning the plastic bags of fertilizers on the edge 
of a ditch. To start the fire he used diesel fuel. This method would kill the weeds and solve 
the problem of rubbish. Swampy areas in a plot of land were seen as useless and needed to 
be filled to start producing a crop. No one would criticise this action in the sixties. It was 
simply a lack of awareness of the consequences of acts of mankind. As Foster et al. said, 
‘Being daily confronted with the legacies of former land use activities, we become aware of 
the long term influence, for decades or centuries’ (D. Foster et al., 2003). Mankind seems to 
have matured in this respect. 

Land and land use have an impact on the ecosystem services (ESS) and the ESS link on the 
functioning of ecosystems geared to human welfare (Fisher, Turner, & Morling, 2009). The 
ESS are classified as supporting, regulating, provisioning and cultural services (MA, 2005). 
Scientific research into ESS is just beginning (Fisher et al., 2009), with one of the land marks 
in the young history of ESS being the Millennium Assessment, in which 1360 researchers 
have been involved. One of the key messages of the Millennium Assessment is that ‘even 
today’s technology and knowledge can reduce considerably the human impact on 
ecosystems. They are unlikely to be deployed fully, however, until ecosystem services cease 
to be perceived as free and limitless, and their full value is taken into account’ (MA, 
2005). Scarcity belongs to the genes of economics. Taking the full value of ESS into the 
market is natural from the perspective of economics and brings together the ecological and 
economic disciplines. Baumgärtner, who focussed on biodiversity Baumgärtner, Becker, 
Faber, & Manstetten (2006), emphasized the need for ecological economics as an 
interdisciplinary integration to tackle scarcity. Land and land use are part of any supply 
chain and therefore part of the price we pay for our products. Any land or land use activity 
is priced as a result of the market mechanism. The market finds equilibrium in the price, 
taking private cost and benefits into account. Land and land-use activities offer more 
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ecosystem services than awarded by the market. ‘Ecosystem services are not fully captured 
in commercial markets or adequately quantified in terms comparable to economic services 
and manufactured capital; furthermore, they often carry little weight in policy decisions’ 
(Costanza et al., 1997). 

Land-use change will occur frequently in future due to changes in demography, global trade, 
technology and enlargement of the European Union (Verburg, Eickhout, & Meijl, 2007). 
These changes will be based on the ESS the land has to offer, which, in part, are valued in the 
market. Assessing the valuation of land and land-use change is complex. Much research has 
been done to find scientifically based models, for example, Lindeijer (2000) who emphasises 
the need for a ‘quantitative basis’. Vogtländer et al. (2004) also presents two models to 
quantify the negative effects of land use. Many others have tried to capture the value of 
either several ESS or a specific one. Costanza was the first to meet the challenge of linking 
the scattered information and monetizing the global value of ESS (Costanza et al., 1997). 
Even at that, there were many arguments for not performing this ‘impossible’ task, as 
expressed by Costanza: 

‘So, although ecosystem valuation is certainly difficult and fraught with uncertainties, one 
choice we do not have is whether or not to do it. Rather, the decisions we make as a society 
about Ecosystems imply valuations (although not necessarily expressed in monetary 
terms). We can choose to make these valuations explicit or not; we can do them with an 
explicit acknowledgement of the huge (Hanley & Shogren, 2002)uncertainties involved or 
not; but as long as we are forced to make choices, we are going through the process of 
valuation’ (Costanza et al., 1997). 

See Table 1 for Costanza’s choice of 17 different ESS. There has been much discussion about 
whether we should or can value nature. ‘The fundamental aim is not to put a “$ price tag” on 
the environment, or its component parts, but to express the effect of a marginal change in 
ecosystem services provision in terms of a rate of trade off against other things people value’, 
wrote Randall (2002) and Hanley and Shogren (2002), both cited in Turner et al. (2003). 
‘The debate about what value resides in nature, or what the value of nature is, has 
highlighted the fact that the core concept is complex and multidimensional’(Turner et al., 
2003). Costanza argues: ‘it is important to note that valuation is unavoidable. We already 
value ecosystems and their services every time we make a decision involving trade-offs 
concerning them. The problem is that the valuation is implicit in the decision and hidden 
from view. Improved transparency about the valuation of ecosystem services (while 
recognizing the uncertainties and limitations) can only help to make better decisions’ 
(Costanza et al., 2014). The private market can thank its efficiency to the transparency that 
money gives to our decisions. I do not see any reason why the market of social values would 
work differently. This is not an understatement of the difficulties in determining the social 
cost and values, but does emphasise the need to know them. 
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Table 1 Ecosystem Services and functions used in the Costanza study .(Costanza et al . 1997)  

 

Costanza identified 22 biomes, of which six are maritime and 16, terrestrial (Fout! 
Verwijzingsbron niet gevonden.). Costanza performed the research twice, in 1997 and in 
2011. Table 2 shows the annual yield of ESS. Ultimately, it could be concluded that the annual 
global ESS yield was 33 trillion US$ compared to a GDP of 16 trillion US$ in 1997(Costanza 
et al., 1997) (Costanza et al., 2014); in 2011 the annual global ESS yield was US$124.8 
trillion/yr, compared to a GDP US$75.2 trillion/yr (based on US$ for 2007). Global land-use 
changes between 1997 and 2011 resulted in a decrease of ecosystem services of between 
$4.3 and $20.2 trillion/yr (Costanza et al., 2014). 
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Table 2 Changes in area, uni t values and aggregate global flow values from 1997 to 2011 

(green are values that have increased, red are values th at have decreased) (Costanza et al .  

 

To perform a land-use impact assessment for a life-cycle assessment (LCA) Lindeijer 
(Lindeijer 2000) distinguishes between change in land use and land occupation (Figure 3). 
He identifies different aspects of land-use change: change in levels of ESS between biomes, 
the time land is occupied otherwise, and the time until restoration is taken into account. 
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Figure 3 Land-use change and land occupation (Lindei jer 2000)  

 

Schatzki (2003) developed a model to  calculates the costs and benefit of a choice for a 
farmer to convert ‘forest land to agriculture, harvest the land (but keep the land in forests), 
or allow the forest to continue to grow’. He takes the value of the forest at the time of decision 
into account by valuing the standing forest of a certain age based on the price of timber. This 
model is based on private costs and is therefore less suitable for calculating the social cost 
of land-use change or the value of land, due to the fact that the ESS are not awarded in the 
market. 

 

Here, I am proposing a model of the social value of land in which the value of ESS is 
internalized. The social value of land comprises the private value and the value of ESS not 
valued in the market. The capacity of the land is determined by the biome that achieves the 
maximum possible ESS on that particular plot of land. As an example, land situated in an 
environment with high ESS potential will have a higher social value than land situated in an 
environment with a medium ESS, regardless  if its land use. In other words, the social price 
of land use is not determined by the value of its use but of the value of its potential use. We 
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assume the market price of land to be the net present value (NPV) of expected annual 
return4. 

The current use of land has a market value based on these revenues, which are only a part 
of the total ESS produced by that land use. In Table 2, Costanza et al. (2014) gives an 
overview of the total value of ESS for each biome. What is of interest for this study is their 
interrelationship, which I call the Costanza Ratio (CR) (Table 3). Comparison of the biomes 
is of great importance and serves to compare the value of land and land-use activities of 
different biomes. The ESS of each Costanza biome is compared to the ESS of cropland ( 

Table 3). 

Table 3 Costanza Ratio (CR) of biomes to cropland, based on measurements of ESS and the 

monetary valuation by Costanza (Costanza et al ., 2014)  

Contested choices. biome  ESS (2011) in US$ /ha/yr Value of ESS ratio to cropland 

Marine 1368 0.25 
Open ocean 660 0.12 
Coastal 8944 1.61 
Estuaries 28916 5.19 
Sea grass/Algae beds 28916 5.19 
Coral reefs 352249 63.27 
Shelf  2222 0.40 
Terrestrial 4901 0.88 
Forest  3800 0.68 
Tropical 5382 0.97 
Temperate/Boreal 3137 0.56 
Grass/rangelands 4166 0.75 
Wetlands  140174 25.18 
Tidal marsh/ mangroves 180057 32.34 
Swamps/floodplains 25681 4.61 
Lakes/rivers 12512 2.25 
deserts     
Tundra     
Ice/rock     
Cropland 5567 1.00 

Urban 6661 1.20 
ESS Ratio of biomes to cropland, based on measurements of ESS and monetary valuation 
in 2011 

 

This ratio is founded on the ESS of cropland, which is set at 1. Now we can compare the land 
use of different biomes.  

                                                        
4 This is a daring assumption, considering that many criteria can influence the demand for 
land and so influence the price of land. 
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To illustrate this, the market price of a hectare of rainforest is lower than a hectare of cleared 
land suitable for cropland. Rainforest has a market price of US$194.98 per hectare ( Fout! 
Verwijzingsbron niet gevonden.). Cropland for soybean production has a market price of 
US$891.80 per hectare (Fout! Verwijzingsbron niet gevonden.). 

 

 

Figure 4 Rio Pacaja, Portel ,US $194.98 USD per hectare (“Brazi l  Property Group - Search Brazi l  

Real Estate and Beach Property,” 2014)  

 

 

 

The CR of tropical rainforest is 0.97 (Table 3), signifying an ESS nearly equal to the ESS of 
cropland (1). The conversion costs have to be approximately US$700 to justify this price 
difference . In the literature it is difficult to find evidence for the costs of clearing. The fact 

Figure 5 Tocantins, US$891.08 per hectare (“Brazi l  Property Group - Search Brazi l  Real  Estate 

and Beach Property,” 2014)  
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that this value (US$700) seems extremely high proves that the market does not take the full 
ESS into account. We are looking for the social price of land, so instead of trying to monetise 
the value of the ESS of a certain land use, we take the market price as a base. As mentioned 
above, we assume that the value of land is the Net Present Value (NPV), based on benefits of 
its private potential use. An example: rainforest outside a protected area will be more 
expensive because of its potential use for cropland. Taking the market price of land, we are 
looking at the price of land per unit ESS. We divide the market price by its CR of that land 
use, as illustrated in Table 3 in the example for cropland. We can now determine the value 
of land for one unit CR using equation 1. 

 

Equation 1 The market value per CR uni t  

Market value per CR unit = 
𝑽𝒑𝒃𝒙 

 𝑪𝑹𝒃𝒙
  

𝑉𝑝𝑏𝑥 is the private value of land in biome x 

𝐶𝑅𝑏𝑥 𝑖𝑠 𝐶𝑜𝑠𝑡𝑎𝑛𝑧𝑎 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡𝑎𝑏𝑙𝑒 3 𝑓𝑜𝑟 𝑏𝑖𝑜𝑚𝑒 𝑥 

 

Using the 17 biomes identified by Costanza (Table 1), we have to find the social potential 
biome for the plot of land. To do this we need to make use of a global grid of climate and soil 
data5. We know the social potential biome for the plot of land, so assuming that the value of 
land per CR unit is the NPV of future returns, we can multiply that CR-unit value by the CR 
of the potential biome. This value expresses the NPV of future annual ESS for that potential 
biome. Any other land use than potential land use will diminish the ESS and create social 
costs. 

 

Let us look at an example: in some parts of the Brazilian Amazon, rainforest claims the 
highest potential land use. Rainforest has a CR of 0.97, its market price is very low and below 
grassland, with a CR of 0.75. Dividing the private market value of grassland, 𝑉𝑝𝑏𝑐 us$2227 

(Figure 9) by the CR of grassland,  𝐶𝑅𝑏𝑐, (equation 1) and then multiplying it by the CR of 
the social potential land use (in this case the CR of rainforest, 𝐶𝑅𝑠𝑝𝑏, 0.97), gives us the value 

of the social potential land use, while taking the difference in ESS of rainforest and grassland 
into account. 

 

Equation 2 The value per CR uni t multipl ied by the CR of the social  potential  biome  

𝑉𝑔𝑠𝑝𝑏= [
𝑉𝑝𝑏𝑐 

 𝐶𝑅𝑏𝑐
 𝐶𝑅𝑠𝑝𝑏] 

                                                        
5 Further research i s needed to find a sui table grid (e.g. the Earth Observing System Data and 

Information System (EOSDIS), NASA or History Databas e of the global  Envi ronment, HYDE.  
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us$3526= [
 2727 

 0.75
 0.97] 

 

 

𝑉𝑔𝑠𝑝𝑏 𝑖𝑠 𝑡ℎ𝑒 𝑔𝑟𝑜𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑐𝑖𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑒6. 

𝐶𝑅𝑠𝑝𝑏 𝑖𝑠 𝐶𝑜𝑠𝑡𝑎𝑛𝑧𝑎 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑡𝑎𝑏𝑙𝑒 3 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑜𝑐𝑖𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑒 

In the case of a land-use change there will, economically speaking, be sunk costs or lost 

We can argue about the costs, since mankind did not have to pay for evolution as 

of nature. If we did not pay for evolution, why then do we have to consider these costs, 

making a decision, e.g. cutting down an ancient rainforest. However, one can defend that 

decisions are irreversible and value is thrown away. ‘A decision is considered irreversible if 

it significantly reduces for a long time the variety of choices that would be possible in the 

future’(Henry, 1974) . Weikard (2003) includes a value to postpone irreversible decisions ( 

to maintain an option) and make use of new information to decide on. The option value and 

quasi-option value increase the value of ecosystems, a theory that underpins the 

shortcomings of economics as a decision-making tool which fails to safeguard future 

possibilities. However, there are no concrete ways to measure the extent of the options. 

value of the rainforest is in economic terms the net present value of future returns. 

does not ‘look over its shoulder'. Now we can calculate the value at expected future returns, 

although we only know current return. These returns are marginal, meaning that cutting 

one hectare of rainforest causes a loss of US$5382 (  

                                                        
The value of social potential biome takes the difference in ESS into account and helps to 
identi fy the loss or benefi t of land use . I t i s not the social  price of land once we know that i ts  market 

price i s used as a base and does not take al l  ESS into account.  
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Table 2). 

The value of the next hectare to clear might have a higher return up to an infinite value (see 
Fout! Verwijzingsbron niet gevonden.). The NPV of these returns will then, per definition, 
also be infinite. This approach will avoid any clearing of rainforest because no other land use 
can compete with this infinite value. Another approach is by looking at the uncertainty of 
the yield in connection with the irreversibility of the decisions. If we are now at period t-1 
and make an irreversible decision based on the expected returns from period 𝑡0 to 𝑡𝑛, this 
decision turns out to be wrong if the returns are different than expected. 

This leads us to the precautionary principal. Beside more than a dozen other legal 
definitions, the precautionary principal is described as: ‘calling for absolute proof of safety 
before allowing new technologies to be adopted’ (K. R. Foster, Vecchia, & Repacholi, 2000). 
The precautionary principal overrules science and economics. It englobes concerns of 
sufficient certainty, prevention, and desired level of protection (Cameron & Peloso, 2005). 
The principal is based on risk analysis and uncertainties including: ‘the completeness of the 
list of events that cause a risk, the frequency or probability estimation, and the evaluation of 
the consequences’(Abrahamsson, 2002) cited in (Cameron & Peloso, 2005). In taking a 
decision on whether or not to clear an ancient rainforest, we are confronted with these 
uncertainties. As O’Riordan (O’Riordan, 1994) mentions: ‘It is still incalculable how much it 
would cost us to replace by artificial means all of the services that natural systems provide 
in assimilating, buffering, cleansing and absorbing, to say nothing of their primary role, 
namely redistributing chemical and physical energy to renew life in every nook and cranny 
of the globe’. The precautionary principle does apply; however, it does not give methods for 
quantification, which makes quantification of land value both through an economic 
approach (NPV of marginal returns) and the precautionary approach doubtful. Therefore, I 
am introducing here a new approach to serve as a base for discussion. Although the theory 
is unorthodox, it does endeavour to capture the value of existing natural resources. 

The first question to ask is, ‘What is the value of the nature on earth?’ Based, in theory, on 
the revenues of current ESS (Costanza et al., 2014), it is possible to calculate the value of 
nature under the assumption that all annual returns (ESS) of the earth have been reinvested 
in the earth. All ecosystems are then the result of an accumulation of ESS that the earth has 
produced. This can be captured in the words Evolutionary Value. Evolution is ‘the process 
by which different kinds of living organisms are believed to have developed from earlier 

Figure 6 Increasing marginal  loss of clearing rainforest  
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forms during the history of the earth’7. So the evolutionary value of nature is an 
accumulation of annual returns. Current natural environment can be seen as capital 
achieved by reinvestments of the ESS which the earth has produced. To make it more 
tangible, let us look at the example of the Dodo on the Mauritius Islands. This bird, created 
by nature, has a value equal to accumulation of millions of years of evolutionary investments, 
and so is of extreme high value. The change of land use8 on the Mauritius Islands caused the 
eradication of the Dodo in 1662. Economically, we now express the value of the Dodo as sunk 
costs. The decision to change the land use was based on increased food supply and probably 
the joy of hunting, which were given higher values than the future return of the Dodo. 
Because of the irreversibility of the decision, the loss in value of the Dodo as a species has to 
be considered. The evolutionary value of the Dodo was high. Both the social costs of the meat 
of the Dodo and the joy of hunting where extremely high. If one species has an extreme high 
value then what is the value of a whole ecosystem? It is difficult to assign a value to a tropical 
forest, for example, and all its ‘sources of unique biological materials and products’(Costanza 
et al., 1997); in addition , it is hard to plant species that may have medicinal value (Varma, 
2003) or ‘products for material science’(Costanza et al., 1997). Valuing evolution is an 
impossible task. We may assume that ESS of a tropical forest have created an accumulative 
value equal to or higher than the ESS produced by the forest. However, the value of a 
rainforest represents an accumulation of many thousands of years of development. All 
former ESS produced have now been reinvested in the biome that increases its capital. This 
accumulated value is therefore called the ‘Evolutionary Value’ (EV). 

‘In evaluating the social losses from reductions in natural resources and thus the alternative 
investments necessary to offset such losses one must consider in principle all of the 
contributions of natural resources to present and future utility’(Daily 1997) cited in (Arrow 
et al., 2007). This supports the idea of evolutionary value by ‘looking over our shoulder’ and 
considering ‘the contribution of natural resources to present’. Arrow mentions the genuine 
investment which can be ‘expressed as the sum of the values of investments or 
disinvestments in each of society's capital assets’(Arrow et al., 2007), in this case, natural 
capital. 

Thus, we can consider two values here: the EV derived from the past and the NPV as a result 
of expected future returns. 

                                                        
7 Oxford Dictionary n.d. Defini tion of evolution in Oxford dictionary (Bri t i sh & World Engl i sh). 

Avai lable at: http://www.oxforddictionaries.com/defini tion/engl i sh/evolution [Accessed June 

1, 2014] .  

8 The bird was hunted by Dutch sai lors.  
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Figure 7 Evolutionary Value and NPV 

The EV is considered at the moment of change of land use. In an economic decision-making 
process, the value of a biome at the moment of change is equal to the NPV of future ESS 
returns. The biome itself has no value as such. If future returns are lower than the alternative 
land use, change is the best option. This is one of the reasons for the current land-use change: 
the economic evaluation only considers future returns. Besides, the economic decision-
making process considers only the private revenues. In the social decision-making process, 
one should consider the value of the existing biome to avoid destroying the value of current 
biomes. This value is the result of former ‘investments’ by nature. An example: a new factory 
with old technology has no value. The expected returns do not exist, so the factory can be 
demolished to make room for another factory promising future returns. This is an easy 
decision. 

But now let us consider an urban biome in an old part of town (10 years). If a mayor has to 

decide between a residential and an industrial area, he/she will have taken the annual 

return into consideration. The highest return will have the mayor’s favour. Now, how is the 

mayor to decide, given the following assumptions: 1) no costs of conversion and 2) 

that promises higher future returns. What will the mayor decide to change? He/she 

obviously will not base his/her decision only on the NPV based on annual return. During 

ten years the neighbourhood has adopted other values, which might not be reflected in the 

future returns. The EV for the ten-year-old urbanization has a finite value and should be 

considered. However, in the fever of a world football tournament a new stadium seems to 

easily compete with an existing urbanization. A football stadium built on the Saint Peter's 

Cathedral premises in Rome is however less feasible. For Rome, the Cathedral has an 

extremely high evolutionary value not only because it difficult to reproduce but more 

because of cultural and social value the dead building material obtains during the many 

years of existence. The EV will not give us an exact value. As a tool, its goal is handling the 

irreversibility of decisions and finding a way to quantify the accumulated value of nature 

and culture. The EV will be applied to examples below. We can rely on the NPV of social 

future ESS if it includes the social value. The ESS of rainforest is lower than the ESS of 

cropland (see   
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Table 2). The reason will be that food production is highly valuated above the regulating 
services of a rainforest. This shows a demand-driven value and a fickle market subject to our 
needs. There is nothing wrong with that, as long as we do not irreversibly destroy a value 
that the market might upgrade later. We, as parents, keep our children’s old toys, even 
though they would rather throw them away, because later they might become very valuable 
to them. It is this conservative approach that gives value to ecosystems, biodiversity, culture 
etc. 

To calculate this value we multiply the annual return of ESS of that biome (  
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Table 2) by the number of years. Because the biome starts with zero annual return, we divide 
it by 2, which will result in a near to infinite value for natural biomes and smaller values for 
a biome created by mankind. To keep calculations practical, we can restrict the number of 
years to 100. In example 4, however, the near to infinite value has a special purpose. The 
accumulated value of cropland is based on the number of years it has been cropland with a 
specific culture. Due to crop rotation, it is usually not more than one year9. For an urban 
biome, e.g. the value of an ancient city and of the society living in that city is also near to 
infinite, representing an accumulation of ESS. Renewing a city block built in the 1980s has 
less EV than renewing an older part of the city. Change of land use has to take the EV of the 
existing land use into account by adding or subtracting the EV to the potential biome value. 

  

                                                        
9 Since the absolute value of nature can never be found, thi s calculation method gives us a 

tool  to compare rather than to calculate absolute values.  

 



 

33 

Equation 3 Evolutionary Value of a biome 

𝐸𝑉𝑏𝑥= 
𝑅𝑏𝑥𝐸𝐵𝑡 

2
 

Where: 

EVbx is the Evolutionary Value of existing biome 

 𝑅𝑏𝑥 𝑖𝑠 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 existing 𝑏𝑖𝑜𝑚𝑒 

𝐸𝐵𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑥𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑖𝑜𝑚𝑒 𝑖𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑡. 

The value is divided by 2, considering that in the beginning, it will have no returns. For 
cropland of an annual crop, this factor is 1. The crop produces its maximum yield right in the 
first year. 

It will take some years for the potential biome to start producing to its maximum yield and 
the number of years will have to be set for each biome. The difference between potential 
yield and actual yield during that period has to be subtracted from the value of the potential 
biome. 

 

Equation 4 Missed annual returns of conversion 

𝑅 𝑚 = [
𝑅𝑛𝑏  

 2
] 𝐶𝑡   

Where: 

𝑅𝑚 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 

𝑅𝑛𝑏 are the annual returns of the new biome 

𝐶𝑡 is the conversion time needed for the biome to maximise the production. 

We also have to subtract the costs of conversion (CC) van from one biome to another. These 
costs vary substantially depending on the methods used. The private costs for land clearing 
of tropical forest for palm oil production can be calculated for the combination, machine and 
labour (high private costs) or for slash and burn. ‘Slash and burn leads to environmental 
degradation, low food production and overall food insecurity in tropical rain forests’ 
(Nganje, Schuck, Debazou, & Aquach, 2001). In Indonesia, uncontrolled bushfires in 1997 
produced a lot of smoke, resulting in enormous environmental damages. Due to the variety 
of methods of conversion, case-specific methods have to be applied. Additional study is 
required to find the social costs of conversion.  
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The social value of land using a particular biome can be calculated with the next model: 

Equation 5 Social  value of  land 

𝑉𝑠𝑝𝑏 = {[
𝑉𝑝𝑏𝑥 

 𝐶𝑅𝑝𝑏𝑥
 𝐶𝑅𝑠𝑝𝑏] +/−[

𝑅𝑏𝑥𝐸𝐵𝑡 

2
] −  [

𝑅𝑛𝑏 

 2
] 𝐶𝑡  − 𝐶𝐶} 

Equation 6 Social  value of land 

𝑉𝑠𝑝𝑏 = {𝑉𝑔𝑠𝑝𝑏 +/−𝐸𝑉𝑏𝑥 −  𝑅𝑚 − 𝐶𝐶} 

The value of the social potential biome is the gross social value of the potential biome plus 
or minus the evolution value of the existing biome, minus the missed annual return of 
conversion, minus the conversion costs. 

Where: 

𝑉𝑠𝑝𝑏 𝑖𝑠 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑐𝑖𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑒 (the highest value for that particular 

biome) 

𝑉𝑝𝑏 is the private value of land in biome x 

𝐶𝑅𝑝𝑏𝑥 𝑖𝑠 𝐶𝑜𝑠𝑡𝑎𝑛𝑧𝑎 𝑅𝑎𝑡𝑖𝑜 𝑖𝑛 𝑇𝑎𝑏𝑙𝑒 3 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑏𝑖𝑜𝑚𝑒 𝑥 

𝐶𝑅𝑠𝑝𝑏 𝑖𝑠 𝐶𝑜𝑠𝑡𝑎𝑛𝑧𝑎 𝑅𝑎𝑡𝑖𝑜 𝑖𝑛 𝑇𝑎𝑏𝑙𝑒 3 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑜𝑐𝑖𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑒 

𝑉𝑔𝑠𝑝𝑏  𝑖𝑠 𝑡ℎ𝑒 𝑔𝑟𝑜𝑠𝑠 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑜𝑐𝑖𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑏𝑖𝑜𝑚𝑒 

𝑅𝑛𝑏𝑎𝑟𝑒 𝑡ℎ𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑒𝑤 𝑏𝑖𝑜𝑚𝑒  

𝑅𝑚 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑚𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 

𝐶𝑡 is the conversion time needed for the biome to maximize the production 

𝑅𝑏𝑥 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑏𝑖𝑜𝑚𝑒 𝑥 𝑖𝑛 𝑇𝑎𝑏𝑙𝑒 3 

𝐸𝐵𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑒𝑥𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑖𝑜𝑚𝑒 𝑖𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑡 

𝐸𝑉𝑏𝑥 is the Evolution Value of existing biome (plus in case we calculate the loss and minus 
in case we calculate the gain of a change of biome.  

𝐶𝐶 are the conversion costs 

Where the social potential biome is the same as the actual biome before the change of land 
use, we add the Evolutionary Value. If we change the land use of a rain forest, we add the 
Evolutionary Value of the rainforest to its social value. Any change in land use has to 
compensate for this value and should be considered as social costs. If the social potential 
value biome is not the same as the actual biome, we subtract the Evolutionary Value. Giving 
cropland back to nature will cause Evolutionary Values losses for the cropland. The value 
diminishes the potential value of the nature biome. If there is no land-use change, the 
Evolutionary Value is not taken into account. 
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The social value of land can guide policy for protecting a biome. The social value expresses 
the value of land for private and common revenues. Some of the common revenues are 
beneficial on a global level, e.g. the effect of greenhouse gases on climate change. 
Governments should be compensated by a global fund to respect the social value of land. 

The social price or Best Practice Price (BPP) of land is compared to the market price (MP). 
The Best Practice Index (BPI) is the BPP divided by the market price. 

Equation 7 Best Practice Price Index 

BPI =  
𝐵𝑃𝑃 

𝑀𝑃
 

 

A model is applied to the four examples: Cropland on cropland biome; Grassland on 
rainforest biome, Land-use change of rainforest to grassland and Land-use change of 
cropland to estuary. 
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 Example 1 Cropland on cropland biome 

The value of land with existing land use: Cropland situated on a potential biome of cropland 

Price of cropland (in existence for >100 years) is €50,000 / ha. Annual return on cropland 
is €2500 /ha. 

  

Figure 8 Social  value of cropland on cropland biome  

 

𝑽𝒔𝒑𝒃 = {[
𝑽𝒑𝒃𝒄 

 𝑪𝑹𝒑𝒃𝒄
 𝑪𝑹𝒔𝒑𝒃] +/−[

𝑹𝒃𝒙𝑬𝑩𝒕 

𝟐
] −  [

𝑹𝒏𝒃 

 𝟐
] 𝑪𝒕  − 𝑪𝑪} 

The value of social potential biome (cropland) is the gross social value of the potential 
biome, (cropland) plus or minus the evolutionary value of the cropland, minus the missed 
annual return of conversion to cropland, minus the conversion costs. 

The land use does not change; therefore, the value is not destroyed, so we do not take the 
Evolutionary Value into account. There are no missed annual returns of conversion; neither 
are there conversion costs. 

𝑉𝑠𝑝𝑏 = [
 50.000 

 1
 1] 

𝑉𝑠𝑝𝑏 = 50.000 

The social costs of the cropland are equal to the market value. 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

ESS Current Biome  

=ESS level  

Potential Biome 
t 

ES
S 

ESS in monetary unit 

ESS 

 

0 

€
  

Cropland
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𝐵𝑃𝐼 = 1 =  
50.000 

50.000
 

Soybeans produced on cropland which have no more potential than the cropland itself, have 
a social price equal to the market price. BPI is 1 

 

 Example 2 Grassland on Rainforest biome 

The value of land with existing land use: grassland situated on a potential biome of rainforest 
on a farm in Mato Grosso do Sul, Brazil. 

Figure 9 Farm in Mato Grosso do Sul  at US $2727 per hectare (“Brazi l  Property Group - Brazi l ian 

Real Estate Li sting # 005042,” 2014)  

Price of grassland (in existence for 10 years ) is US $2727 per hectare. 
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Figure 10 Social  value of grassland on rainforest biome 

Equation 8 Conversion of rainforest to grassland 

𝑉𝑠𝑝𝑏 = {[
𝑉𝑝𝑏𝑐 

 𝐶𝑅𝑝𝑏𝑐
 𝐶𝑅𝑠𝑝𝑏] +/−[

𝑅𝑏𝑥𝐸𝐵𝑡 

2
] −  [

𝑅𝑛𝑏 

 2
] 𝐶𝑡  − 𝐶𝐶} 

The value of social potential biome (rainforest) is the gross social value of the potential 
biome (rainforest) plus or minus the evolutionary value of the grassland, minus the missed 
annual return of conversion to cropland, minus the conversion costs. 

Once the land use does not change, the Evolutionary Value does not have to be taken into 
account. There are no missed annual returns of conversion; neither are there conversion 
costs. 

𝑉𝑠𝑝𝑏 = {[
 2,727 

0.75
 0.97]} 

 

𝑉𝑠𝑝𝑏 = 3527 

This higher price is due to the annual lower return of ESS of grassland compared to the ESS 
of rainforest. 

𝐵𝑃𝑃 − 𝐼𝑛𝑑𝑒𝑥 =  
𝐵𝑃𝑃 

𝑀𝑃
 

𝐵𝑃𝑃 − 𝐼𝑛𝑑𝑒𝑥 = 1.29 =  
3,527 

2,727
 

ESS level 

Potential Biome 

t 

ES
S 

ESS in monetary unit 

ESS 

 

ESS Current Biome  

Rainforest biome CR 0.97 

Reduced annual return of ESS 

𝐸𝐵𝑡  

EV 

Evolutionary Value  

0 

€
  

Grassland CR 0.75 
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 Example 3 Land-use change of rainforest to grassland 

The value of land is the value offered with the highest potential land use for that particular 
biome. Let us consider a case of an ancient tropical forest, and the cost and benefits of land 
use to grassland change. The current price for forest is US$194.98 per hectare. The price of 
grassland is US$2,727per hectare (“Brazil Property Group - Search Brazil Real Estate and 
Beach Property,” 2014). These are private costs. We assume that the market has taken future 
private annual returns into account. As in Table 3, the CR of the rainforest is 0.97. The 
conversion costs are US$300/ha (fictitious value of private costs). 

 

Figure 11 Conversion of rainforest to grassland, infini te number of years  

 

 

Equation 9 Conversion of tropical forest to grassland, infini te number of years  

𝑉𝑠𝑝𝑏 = {[
𝑉𝑝𝑏𝑐 

 𝐶𝑅𝑝𝑏𝑐
 𝐶𝑅𝑠𝑝𝑏] +/−[

𝑅𝑏𝑥𝐸𝐵𝑡 

2
] −  [

𝑅𝑛𝑏 

 2
] 𝐶𝑡  − 𝐶𝐶} 

Potential biome is Rainforest, which is the same as the actual biome so we add the EV. 

𝑉𝑠𝑝𝑏 = {[
$2,727 

 0.75
 0.97] + [

5382 ∗ ∞ 

2
 ] − [

4166 

 2
]4 − 300} 

   𝑉𝑠𝑝𝑏 = {3527 + [
2007∗∞ 

2
] − 8332 − 300} 

ESS level  

Potential Biome 

Evolutionary Value  

ESS in monetary unit 

ESS 

 

ESS Future Biome  

Conversion Costs 
costs
 𝑚𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓

Potential ESS Return 

  

𝑅𝑚

  

𝐸𝐵𝑡  

M𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 

𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛  

Los
s of 
EV 

ESS 

  

t 

ES
S 

 
T0 

𝐶𝑡 

 

Loss of ESS (Social Costs) 

us
$ 

T1 

ES
S 
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𝑉𝑠𝑝𝑏=∞ 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

𝐵𝑃𝐼 = ∞ =  
∞ 

1000
 

 

This value does not seem to make much sense, but in terms of sustainability, it does. An 
infinite value of the biome rainforest means that no other biome can ever compete with it. 
This will give an absolute no-go for any conversion of rainforest land. Products produced on 
cropland after the conversion of rainforest will have an infinitely high social price. 

 

We can repeat the exercise by limiting the number of years to 100 in order to achieve 
calculative figures. 

 

Equation 10 Conversion of rainforest to grassland, EV based on 100 years  

𝑉𝑠𝑝𝑏 = {[
$2,727 

 0.75
 0.97] + [

5,382 ∗ 100 

2
 ] − [

4,166 

 2
]4 − 300} 

𝑉𝑠𝑝𝑏 = {3,527 + 538,200 − 8,332 − 300} 

𝑉𝑠𝑝𝑏 = 𝑢𝑠$533095per hectare 

 

The value of the land for grassland now has a social value of US $533,095/ha. 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

𝐵𝑃𝐼 = 195 =  
$533095

$2,727
 

The BPI is extremely high. 

Now we have obtained the social costs of grassland on land that can potentially deliver the 
ESS of a tropical forest. Taking these social costs into account, we see that transferring 
tropical forest to grassland does not pay. The social price of beef produced on this land is 
extremely high. One can argue that the value of the forest is too high. We can repeat the 
exercise by reducing the number of years to 50. This is the number needed to achieve full 
grown trees according to the study of Kariuki (Kariuki, Kooyman, Smith, Wardell-Johnson, 
& Vanclay, 2006). 
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Equation 11 Conversion of rainforest to grassland, EV based on 50 years  

𝑉𝑠𝑝𝑏 = {[
$2,727 

 0.75
 0.97] + [

5,382 ∗ 50 

2
 ] − [

4,166 

 2
]4 − 300} 

 

𝑉𝑠𝑝𝑏 = {3,527 + 269100 − 8,332 − 300} 

 

𝑉𝑠𝑝𝑏 = 𝑢𝑠$263,995𝑝𝑒𝑟 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

𝐵𝑃𝐼 = 96 =  
𝑢𝑠$263,995 

𝑢𝑠$2,727
 

Still, the social price of the land for grassland in a potential area of rain forest is very high. 
The social cost at the final product stage ( for example, beef) will be extremely high. The BPI 
of beef produced on this potential rainforest biome will be very high. 

 

 Example 4 Land-use change of cropland to estuary 

The Hedwig polder (Zeeland) in the Netherlands was reclaimed in 1907. In 2019, the land 
will be given back to nature. For the ease of calculation, we assume a history of 100 years. 
The Evolutionary Value is the value of nature created in this polder plus the value of culture. 
People have their homes in the polder, where they have been born and raised. This cultural 
value is difficult to estimate. Again, we multiply the ESS by the number of years (100). Table 
2 of Costanza et al. does give a value for the ESS for urban areas. In this example, we assume 
it all cropland. The annual return of ESS according to Costanza (Table 3) is €409010/ha 
(US$5567) for cropland and €21,238 (US$28,916) for the estuary. The value of the land is 
around €60,000/ ha. The potential (and original use of the land) biome is an estuary. We 
assume that it takes 50 years for the estuary to achieve the potential production of ESS. 
Conversion costs estimated at €65million for 300 ha are €216,667/ha. For giving the land 
back to nature, we calculate the social value of land at its potential Biome level and subtract 
the EV of the cropland; we then subtract the missed annual return of conversion and, finally, 

                                                        
10 At an exchange rate of 1.36/€  
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the costs of conversion.

 

Figure 12 Conversion of cropland back to i ts potential  biome  

Equation 12 Conversion of cropland back to i ts potential  biome  

𝑉𝑠𝑝𝑏 = {[
𝑉𝑝𝑏𝑐 

 𝐶𝑅𝑝𝑏𝑐
 𝐶𝑅𝑠𝑝𝑏] − [ 

−𝑅𝑏𝑥𝐸𝐵𝑡 

2
]  −  [

𝑅𝑛𝑏 

 2
] 𝐶𝑡  − 𝐶𝐶} 

The potential biome is an estuary and is not the same as the actual biome, which is cropland. 
Therefore, we subtract the EV. 

 

𝑉𝑠𝑝𝑏 = {[
60000 

 1
 5.19] − [

4090

 2
∗  100] − [

 21238 

 2
]50 − €216667} 

The value of social potential biome (Estuary) is the gross social value of the potential biome 
(Estuary) plus or minus the evolutionary value of the cropland, minus the missed annual 
return of conversion to the Estuary, minus the conversion costs. 

 

𝑉𝑠𝑝𝑏 = {311400 − 204500 − 530950 − 216667} 

𝑉𝑠𝑝𝑏=€-640717/ha. 

 

The social value of the estuary is €311,400. We have to subtract the EV of €204,500 because 
of the destroyed cropland. It will take 50 years for the estuary to start to produce to its full 

M𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 

𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 

ESS level 

Potential Biome 

t 

ES
S 

ESS in monetary unit 

ESS 

 

ESS Current Biome  

Conversion Costs 
costs
 𝑚𝑖𝑠𝑠𝑒𝑑 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛𝑠 𝑜𝑓 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛

Max. ESS Return 

  

𝑅𝑚

  

𝐸𝐵𝑡  

EV 
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S Evolutionary Value 

0 

us
$ 
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potential. During this period, there will be €530,950 missed returns. Finally, we subtract the 
cost of conversion of €216,667, resulting in a negative value for this choice of land-use 
change. We now see that the Evolutionary Value, the missed returns and the costs of 
conversion are higher than the NPV of the expected returns. 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

𝐵𝑃𝐼 = −10.68 =  
 € − 640717 

€60,000
 

The negative sign is ignored, since for the BPI only the ratio counts. The price of giving back 
the land within the time span of 50 years is high, but could be interesting if this decision of 
giving back the polder leads to a break-even point. 

The value of the estuary after conversion is -€640,717. To find the value after 50 years, we 
add the annual returns of ESS. The annual returns are equal to the missed returns calculated 
for the first 50 years and equal €530,950. 

Equation 13 Value of estuary after 50 years  

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑠𝑡𝑢𝑎𝑟𝑦 𝑎𝑓𝑡𝑒𝑟 50 𝑦𝑒𝑎𝑟𝑠 = 𝑉𝑠𝑝𝑏 + [ 
−𝑅𝑏𝑥𝐸𝐵𝑡 

2
]  

−€109767 = −€640717 + €530950  

After year 50, the annual ESS returns of an estuary will be €21,238 based on current values 
of ESS of (Costanza et al., 2014). The negative value of - €109,767 will be compensated by 
the annual return within 5.2.years. The break-even point resulting from this decision is 55.2 
years. For simplicity, no discount rate has been applied. The role of the discount rate has to 
be considered in further studies. 
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 Conclusion, discussion and recommendations 

In this chapter, I explored the parameters to model the social value of land and land use. The 
literature review gave surprising results, which have been incorporated into the model. The 
model was used in four case-studies/examples. Here follows the conclusions, a discussion 
of results and recommendations for further research. 

 The BPP land-use model is far from complete; however, it has provided the base for further 
research. The calculation procedure was based on the current and regional market price of 
land. These prices are assumed to be the NPV of future ESS, but the validity of this 
assumption should be checked. The annual ESS for each biome, expressed in a monetary unit 
(Costanza et al., 1997)(Costanza et al., 2014), has provided the base for the calculation of 
social costs. The annual returns of ESS of cropland are set at 1 and serve as the benchmark 
for all biomes. The ratio between the biomes is called the Costanza Ratio (CR). This CR has 
a spread of a multiple of 63.27 compared to the base of cropland. Overall, the measurement 
of land value is fraught with subjectivity. The aim is to approach the value in a scientific way, 
with the research of Costanza offering, for the moment, the most concrete valuation. The 
model for calculating the social value of land is aimed at emphasizing the differences 
between land use and consequences of land-use change. The outcomes will never reflect the 
absolute true value, but the model can be seen as a decision-making tool. The model needs 
a global grid of potential biomes that should be based on environmental, social/cultural and 
economic parameters in order to define the potential biome. The NPV does not meet up to 
decisions that lead to an irreversible loss of value. NPV is based on marginal returns, which 
might increase considerably along the number of units changed, e.g. the number of hectare 
of rainforest cleared. The precautionary principle applies to the problem of irreversible 
changes; however, this principle does not give us a tool for quantification. For this reason, 
the Evolutionary Value (EV) was introduced, not with the goal of  determining the exact 
values, but of functioning as a tool within the decision-making process to deal with 
irreversibility and losses caused by change of land use. The social value of land use can be a 
guide for policy and form a base for creating a global fund to compensate countries (mostly 
developing). Furthermore, it can be used to avoid land-use changes in the direction of land 
use that is only more profitable when it comes to private revenues. The examples illustrate 
how we can calculate the costs of land use. However, much research is needed to fine-tune 
the model. The number of years used for the Evolutionary Values offers the possibility of 
excluding the use of certain land for other purposes due to the infinite value. But how to deal 
with infinite values? The use of discount rate has to be investigated and the use of EV needs 
further discussion in order to solve problems concerning irreversible decisions. To develop 
maximum returns for each biome, we will have to standardize the number of years. 

Research is necessary to ascertain the social costs of methods of conversion. The slash and 
burn rainforest clearing methods is an example of great social impact that needs calculation. 
Once the model is fine-tuned, a database has to be filled with the biome-grid data and the 
Costanza ratios so that companies can consult this information and calculate the social costs 
of land use into their production process to find the BPP and BPI. 
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4. Social Costs of Labour 

 

The objective of this chapter is to explore parameters to model the social costs of labour. 

 First, I will discuss the results of a literature review, after which I will propose a model, and 
give an example and some suggestions for further research. 

 

Abstract 

Labour includes working conditions and labour rights. Working conditions encompass 
wages, working hours and job safety. Labour rights include freedom of association, non-
discrimination, and the elimination of forced and child labour. A lower than sustainable 
income level will create externalities, while an income above this level will cause 
overconsumption and create externalities by depletion of resources and the use of energy. 
A high income is not a guarantee for satisfaction when earned after an excessive number of 
working hours. Also, high income provokes an expenditure cascade, which causes failure of 
the utility. The level can be determined based on the method used by the poverty line. The 
different costs of living within a country require region-specific sustainable income levels. 
Working hours should not exceed 48 hours per week so as to balance work and family life. 
Excessive working hours provoke consumption patterns with high externalities. Many 
countries have signed ILO conventions or UN resolutions . However, compliance to 
international labour standards in practice is not guaranteed due to inadequate national 
regulatory systems. Labour rights are quantified in a Fair Labour Scorecard, but research is 
needed to monetize these values. The sustainable income for Best Practice Price is the 
average national income corrected for the region. Wages lower or higher than this level 
provoke externalities due to under or overconsumption. The Best Practice Price of labour is 
the paid wages plus the difference between  the paid wages and the sustainable income. In 
an example it is made clear that the wage balance in a supply chain can be out of balance due 
to either low or high wages. Finally, the absolute wages reflect the level of consumption. 
High wage countries provoke more consumption than low wage countries. More research is 
needed to measure social issues of labour. 

 

 

 Literature review 

 

To find the social costs of labour, we first have to define labour. Labour can be split into 
working conditions and labour rights. The working conditions include wages, working hours 
and job safety. Labour rights include freedom of association, non-discrimination, and the 
elimination of forced and child labour (Flanagan, 2006). We also have to find determinants 
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for the working conditions and labour rights. In this review we will deal mainly with wages 
and only shed some light on the other aspects of labour. 

 

The Bangladesh textile factory disaster (Taylor, 2013) was a wake-up call for producers and 
consumers to say there is a limit to cost leadership and exploitation of people and the 
environment. 

Another report revealed that: 

‘The shoddily constructed building pancaked down onto workers stitching clothes for global 
brands like Children’s Place, Benetton, Primark and many others. Workers earning as little 
as $38 a month were crushed under tons of falling concrete and steel. More than 1,100 
people died and many others were injured or maimed’(“After Bangladesh Factory Collapse, 
Bleak Struggle for Survivors,” 2013)  

 

Working conditions 

For studying wages we searched for a recognized standard of income, which we could  use 
to judge whether paid wages are too low or too high. We first focus on wages that are too 
low, and then on those that are too high. 

 

 Too low wages 

The poverty line, a level of income, which as research topic is high on investigation list, can 
be considered as a guideline. Since 1990, the World Bank has calculated the poverty line 
using the World Bank monitoring programme in combination with national institutes, 
development agencies, and civil society for a number of countries. There are different 
interpretations of poverty. Poverty is about the absolute levels of living as defined 
in(“Debates on the Measurement of Global Poverty - Oxford Scholarship,” 2010). According 
to (Ravallion, 2002) ’Poverty can be said to exist in a given society when one or more 
persons do not attain a level of economic well-being deemed to constitute a reasonable 
minimum by standards of that society’. There are many ways to calculate the poverty line. 
The OECD countries, for example, define the poverty line as ‘a specific fraction of the median 
equivalent income within a country’ (Mogstad, Langørgen, & Aaberge, 2006), while the EU 
cites the poverty line as one half of the mean income in a country (Atkinson, 1997) cited in 
(Ravallion, 1998). An overall rise in income would leave the percentage of poverty constant 
(Ravallion, 1998). This is in contrast with the absolute poverty line, a constant purchasing 
power over commodities (Ravallion, 2008). Cost of living can vary depending on the country 
and access to non-market goods can be included in the relative poverty line (Ravallion, 
2008). Referring to national indices is only meaningful if classified under ‘equal prices of 
goods and services as well as uniform norms and consumption habits across 
regions’(Mogstad et al., 2006). Mogstad defines the poor as ‘those whose incomes fall 
considerably short of the income commanded by the “representative” individual in their 
community’(Mogstad et al., 2006). The word community overcomes the problem of 
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difference in price, norms and habits. Thus the costs of the regional set of commodity 
bundles form the base for calculating the poverty line. To find the region-specific poverty 
line (Mogstad et al., 2006) took the price of housing to qualify the municipalities. This 
drastically alters the geographic as well as the demographic poverty (Mogstad et al., 2006). 
Further research will have to define how to find the community-specific data. The methods 
for calculating the poverty line can be used as a guideline for sustainable income. Once we 
have determined the sustainable income level for a certain area, we can compare it to the 
actual earned income. Any income below this level will provoke externalities. The 
sustainable income is the income received per hour and multiplied by a maximum of 48 
hours per week. A part-time employee working 24 hours must receive half the sustainable 
income. For a second part-time job, the employee’s income will be assessed in the same way. 
The number of jobs per person is not included in the scope of this assessment. In addition, 
the number of people that a person has to sustain is also not yet included. For the time being, 
general data will be used for the assessment. 

 

 Too high wages 

Now we will focus on incomes above the sustainable income level. Any higher income is not 
needed for sustainable life and thus contributes to overconsumption. Increased income 
leads to an increase in consumption (Herpin & Verger, 2008) cited in (Devetter & Rousseau, 
2011) and thus to high environmental costs (Devetter & Rousseau, 2011). Thus, income 
provokes consumption, which, in turn, provokes the use of our limited resources. To restrict 
the impact of consumption on our limited resources, any income above the sustainable 
levelscontributes to social costs. The formula impact is the result of a function of population, 
affluence and technology, which is in this respect is valid (Alcott, 2010)11 12. 

Equation 14  Impact i s Population x Aff luence x Technology (Alcott, 2010)  

I = f(P × A × T) 

The right-hand side factors of the above equation are interdependent, caused by rebound 
effects. Reducing one factor can ‘result in compensatory increases in others, perhaps leaving 
impact even untouched’ (Alcott, 2010). Therefore, Alcott prefers to measure and restrict the 
left hand side of the equation: the impacts.13 Higher incomes have other negative effects on 
consumption. From the perspective of utility, a higher income does not increase utility due 

                                                        
11 Thi s equation represents an improved version of the original , I=PAT of Ehrl ich et al . (Ehrl ich, Ehrl ich, 

& Holdren, 1973). Thi s adaptation can compensate for rebound effects.  

12 See Appendices 1 and 2 for interesting discussions and facts on consumption and envi ronmental 

impacts.  

 

13 An example of the rebound effect on improving technology i s the fi rst energy -saving lamp. Whereas 

we used to have one l ight bulb of 80 watt outside the front door, now we have a  dozen energy-saving 
lamps, which cost more to produce, and use as much or more e nergy as the earl ier l ight bulb.  
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to the expenditure cascade. ‘Changes in one group’s spending shift the frame of reference 
that defines consumption standards for others just below them on the income scale, giving 
rise to expenditure cascades’(Levine, Frank, & Dijk, 2010).The relative welfare or utility 
goes down for all others when someone can afford more than beforehand (positional goods). 
They will spend more on finding a new equilibrium and the utility of these positional goods 
go down again up to a new balance. 

Income alone is not enough to evaluate the social costs of labour. The allowance per hour 
and consequently the number of working hours needed to collect one’s income influence the 
consumption pattern. ‘Some of the most polluting forms of consumption represent either 
long or very long working hours’ (Devetter & Rousseau, 2011). In developing countries, 
workers have to put in many hours to receive a small wage. A high income achieved after 
many working hours does not guarantee quality of life and may have social costs. If working 
hours reduce the non-working time, less time is left for social relations. ‘The indirect impact 
of personal income on happiness through this channel is therefore expected to be negative 
(Becchetti, Trovato, & Londono Bedoya, 2011). Box 1 shows some examples of working 
conditions in garment factories in Cambodia (Kolben, 2004) from which we can conclude 
that the number of working hours above a certain level can cause externalities. 

Cambodian garment workers working conditions 

‘Long hours and forced overtime—often without overtime pay—were another typical violation of 

Cambodian and international law found by (J. Hall, 2000). Dur-ing my own time in Cambodia, many 

factory workers complained of often being forced to work late into the night, and sometimes workers 

were locked in the factories until a particular customer order was completed. In one instance, I spoke 

with several workers from a Phnom Penh neighbourhood who reported routinely working at a nearby 

factory from seven a.m. to seven p.m., six days a week, and until four p.m. on Sundays. However, the 

interview was broken up prematurely when a man, apparently from management, came over on his 

motorcycle and asked myself and the workers what we were doing. Another com-pany, Hung Wah, 

hired by Nike to produce Nike apparel, was infamous among workers and labor inspectors for its horrible 

working conditions. One worker I spoke with complained of pervasive illness among the employees, 

which she and NGO workers claim was caused by the long working hours and difficult living conditions 

endured by workers on account of their low wages and substandard lodging. When workers complained 

to management about not getting time off on Sundays, the problem of long hours reportedly became 

worse. In an interview, the head labor inspector also acknowledged severe problems at Hung Wah, 

including lack of restrooms and forced overtime. However, disputing the workers’ account, he claimed 

that the problems were resolved after labor inspector intervention, and said that no further action was 

necessary. Wage violations were also common. Alt-hough the mandated minimum wage was $40 for a 

forty-eight hour week, the workers I interviewed often reported sub-minimum wages, late payment of 

wages, and illegal wage deductions. The right to freedom of association and the right to organize, as 

guaranteed in the Cambodian Labor Code and under international law,  were also routinely violated. 

Workers were harassed, fired, or transferred to less desirable bs for attempting to organ-ize unions or 

speak out against abuses. Workers and union representatives were also subject to intimidation and 

physical abuse by the police and management during labour disputes. 

Box 3 Cambodian garment workers working conditions Source: (Kolben, 2004) 
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Figure 13 Statutory limits to weekly working hours (normal hours)(ILO 2014) from the 
International Labour Organization, shows the scope of working hours at institutions, which 
has recently has been broadened to ‘allow workers adequate time to devote to their unpaid 
work and leisure, especially balancing work and family life’ (ILO, 2014). 

 

 

Figure 13 Statutory l imi ts to weekly working hours (normal  hours)( I LO 2014)  

However, a standard is not a guarantee for actual working hours, due to either lax or no 
regulations. (ILO, 2014). The norm for maximum working hours is 48 per week. Any 
working hours beyond that limit are labelled as ‘excessive’ according to the International 
Labour Organisation(ILO, 2014). 

Job safety is a factor which plays a major role in the social cost calculation. The UN 
resolutions and the ILO conventions on core labour standards are important standards 
internationally. A tripartite agreement representing workers’ and employers’ organisations 
and governments uphold the international labour standards (Busse, 2002). The ILO 
conventions cover, among other aspects, workmen’s compensation for accidents and 
occupational diseases. If a country has ratified a convention, and there is adequate control 
on the compliance of the convention, no problems should occur. However, the Bangladeshi 
government ratified seven conventions of the ILO concerning occupational safety and 
health14  and still the Bangladeshi factory accident, which does not stand alone, could 
happen. An audit in 147 factories showed that 46% did not comply in the area of health and 
safety (“Annual Public Report | Fair Labor Association,” 2007) in (Steeden, 2008). In the 
example of Cambodia, which might represent many developing countries, governments 
have an inadequate national regulatory system to enforce international labour standards 
(Kolben, 2004). For this reason. it is important to search for parameters within the sector or 
company to measure safety. 

                                                        
14 Source: 

http://www.i lo.org/dyn/natlex/natlex_browse.detai l s?p_lang=en&p_ country=BGD&p_classi fic

ation=14&p_origin=COUNTRY&p_sortby=SORTBY_COUNTRY  



 

50 

 Labour rights 

The quantification of labour rights is not an easy task. However, the Fair Labour Scorecard 
of ‘Woord en Daad’15 (Steeden, 2008) shows that it is possible to quantify non-tangible 
items. The next step is to monetize these items, which could be difficult. Another difficulty 
will be to obtain the information as input for the scorecard, since the improvement of labour 
rights of the employees might be in conflict with the objectives of the owners. The following 
quote drawn from research on textile factories in Cambodia illustrates the goals of the 
factory owners: 

‘These factory owners have few ties to Cambodia, and a quick scan of any one owner’s 
curriculum vitae will usually indicate stints of several years in a large number of low-wage, 
textile producing countries. These owners are nomads, moving from country to country, 
seeking low-wage employment markets and other mechanisms for producing at the lowest 
cost.’(Kolben, 2004). 

Because they operate in the private market, any improvement of rights might be a threat to 
realizing these goals. And so the ‘Woord en Daad’ scorecard can serve as a base for the 
monetization of labour rights. 

 

 Modelling the Social Costs of labour 

The social price of labour captures the social costs of working conditions and labour rights. 
If the sustainable income is seen as a measure to allow a person to have a sustainable 
consumption bundle, any income below or above this level will provoke externalities, of 
which wages function as an important originator. This level can be set according to the gross 
national income. 

A Sustainable Income (SI) for determining the Best Practice Price is defined as: 

an income at a level to pay for a set of commodity bundles that avoid externalities.  

 These bundles include costs for housing, participation in the community, education for the 
employee and his/her family, prevention costs of pollution, health insurance, conditions to 
guarantee life satisfaction, secure safety and a guarantee of a good work‒life balance. 

The level of income of the poverty line is set at half the median or half the average national 
income. The poverty line is too low to avoid externalities. As the poverty line is not based on 
an exact calculated level but rather on a practical to measure height, BPP could set the 
sustainable level at the average national income, expecting that this level of income will 
provoke externalities as little as possible. 

                                                        
15 ‘Woord en Daad’is an NGO that connects people around the world in thei r f ight against 

poverty from a bibl ical perspective.  
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𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑙𝑒 𝑖𝑛𝑐𝑜𝑚𝑒 =
𝐺𝑟𝑜𝑠𝑠 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠
 = Average income 

 

To determine the sustainable income per hour we divide the sustainable income by the 
number of hours worked. National data can provide this information. Income is relative to 
the price of the commodity bundles. Within a country, the costs of living differ from region 
to region and from city to city. One sustainable income might therefore make someone rich 
in one part of the country and poor in another part. To adapt to a regional purchase power 
level, we followed the method of Mogstad (Mogstad et al., 2006), who reasons that housing 
is the main expenditure, especially for the low incomes: he takes the costs of housing as a 
second classifying variable. According to the average housing prices per square meter, the 
municipalities are divides into quartiles. Mogstad then divides the municipalities into three 
groups: low housing prices (first quartile), medium housing prices (second and third 
quartiles), and the high housing prices (fourth quartile). 

By combining the three housing price categories and a number of regions, we can divide the 
municipalities into a multiple groups. The number of regions within a country can vary, 
depending on the diversity of the country. From there, a region-specific sustainable income 
is determined as the average income in each of the respective groups. 

𝑁𝑜. 𝑜𝑓𝑔𝑟𝑜𝑢𝑝𝑠 = (3 𝑔𝑟𝑜𝑢𝑝𝑠 𝑜𝑓 ℎ𝑜𝑢𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒𝑠)( 𝑛𝑜. 𝑜𝑓 𝑟𝑒𝑔𝑖𝑜𝑛𝑠 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑟𝑦) 

This assures a positive association between the municipality’s region-specific average 
income and the average housing price. 

𝑆𝐼 𝑤𝑖𝑡ℎ𝑖𝑛 𝑔𝑟𝑜𝑢𝑝 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑦 =
𝐺𝑟𝑜𝑠𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 𝑤𝑖𝑡ℎ𝑖𝑛 𝑔𝑟𝑜𝑢𝑝 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑒𝑠
 

 

The findings of Mogstad et al. (Mogstad et al., 2006) support this relationship. Thus in a 
group of municipalities with high housing prices, the income is also high. Consequently, the 
sustainable income also has to be high. Although the availability of data for some countries 
is limited, there are a number of ‘Cost of Living’ sites that provide detailed information.16 

The next step is to compare the income of an employee now to the sustainable income. The 
‘virtual distance’ to the sustainable income, the best practice is added to the costs of labour.  

Fout! Verwijzingsbron niet gevonden. and Fout! Verwijzingsbron niet gevonden. and figure 
16 show, respectively, the social costs of under- and over-consumption. 

                                                        
16One of these sites is www.numbeo.com , showing property prices of 486 cities around the 
world. 
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Figure 16shows how a supply chain can provoke externalities on both sides of the 
sustainable income level in different regions. The supply chain wage balance shows both too 
high and too low wages. 

Figure 14 External i ties caused by too low wages  

Figure 15 External i ties caused by too high wages  



 

53 

 

 

 

To take the number of working hours into account, we divide the sustainable income and 
the paid wages by the maximum number of hours (48) to find the Sustainable Income per 
working hour. 

 

  
𝑆𝐼 / ℎ𝑜𝑢𝑟 𝑤𝑖𝑡ℎ𝑖𝑛 𝑔𝑟𝑜𝑢𝑝 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑦

=
𝐺𝑟𝑜𝑠𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 𝑤𝑖𝑡ℎ𝑖𝑛 𝑔𝑟𝑜𝑢𝑝 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠
 

𝑊𝑎𝑔𝑒 𝑝𝑎𝑖𝑑 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 =
𝑊𝑎𝑔𝑒 𝑝𝑎𝑖𝑑

ℎ𝑜𝑢𝑟𝑠
 

𝐵𝑃𝑃 𝑜𝑓 𝑤𝑎𝑔𝑒/ℎ𝑜𝑢𝑟 =
𝑊𝑎𝑔𝑒 𝑝𝑎𝑖𝑑

𝐻𝑜𝑢𝑟 
+ 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 (

𝑆𝐼

𝐻𝑜𝑢𝑟 
 𝑎𝑛𝑑 

𝑊𝑎𝑔𝑒 𝑝𝑎𝑖𝑑

𝐻𝑜𝑢𝑟 
) 

 

We now take into account the actual working hours above the maximum of 48. If the actual 
working hours exceed 48, then this wage should have been partly paid to another employee, 
since 48 hours is set as the limit to avoid externalities. 

𝑊𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 𝑟𝑎𝑡𝑖𝑜 (𝑊𝐻𝑅) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠 𝑤𝑜𝑟𝑘𝑒𝑑

48
 

𝐵𝑃𝑃 𝑜𝑓 𝑤𝑎𝑔𝑒𝑠/ℎ𝑜𝑢𝑟, 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 = (
𝐵𝑃𝑃

𝐻𝑜𝑢𝑟 
)(𝑊𝐻𝑅) 

Figure 16 The supply chain wage balance  
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Job safety is the final aspect of the working conditions. We approach safety in a broader 
sense by including any circumstances of the working conditions that provoke externalities, 
such as job satisfaction and health. The percentage of sick leave and the turnover rate of staff 
can be used as proxy. For sick leave we set a Best Practice rate according to standards 
established by government or NGOs. As an example we set this rate at 3%, but in the 
company we found a sick leave rate of 13%. So, in the following equation, we take the higher 
sick leave percentage into account: 

 

𝑆𝑖𝑐𝑘 𝐿𝑒𝑎𝑣𝑒 − 𝑟𝑎𝑡𝑖𝑜 =
𝑆𝑖𝑐𝑘 𝐿𝑒𝑎𝑣𝑒 𝑟𝑎𝑡𝑒 𝑤𝑖𝑡ℎ𝑖𝑛 𝑓𝑖𝑟𝑚

𝐵𝑃𝑃 𝑠𝑖𝑐𝑘 𝑙𝑒𝑎𝑣𝑒 
 

 

𝐵𝑃𝑃 𝑜𝑓
𝑤𝑎𝑔𝑒𝑠

ℎ𝑜𝑢𝑟
, 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 𝑎𝑛𝑑 𝑠𝑖𝑐𝑘 𝑙𝑒𝑎𝑣𝑒 = 

(𝐵𝑃𝑃 𝑜𝑓 𝑤𝑎𝑔𝑒𝑠/ ℎ𝑜𝑢𝑟, 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠)( 𝑆𝑖𝑐𝑘 𝐿𝑒𝑎𝑣𝑒 𝑟𝑎𝑡𝑖𝑜) 

We can do the same for the turnover rate of staff. Other proxies can be used to include age 
of retirement caused by job-related health or injury problems. 

 

The greatest challenge is to monetize the labour right. The Fair Labour Scorecard forms the 
base for monetizing labour rights, where the aspects of labour rights have to be weighted in 
order to monetise them. A gender discrimination proxy may be the gender balance within 
the staff and the gender-based difference in income within the company. Further research 
is needed here. 

 

We now compare the labour costs of a sustainable product, produced in a high cost country 
to such a product produced in a low cost country. Both products have a Best Practice Price 
Index (BPI) of 1. However, the total wages paid for producing products show large 
differences. The wages paid in the high wage country provoke more impacts due to the 
purchase power of the higher income group. Just as in private cost calculations, production 
in a low wage country takes preference. 

 

To incorporate the effect of consumption, we double the total social costs calculated (see 
above) . This is based on the assumptions that: 1) the relation between income and 
consumption is linear, and 2) it does not make a difference on which products or services 
the money is spent. Even if money is saved at a bank, it provokes consumption for those who 
borrow the money. 3) there is a linear relation between money spend and externalities 
caused. 
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Low wages will now have a low correction and high wages, a high correction. This correction 
will cause the absolute level of social costs to rise17; however, now consumption resulting 
from wages is taken into account. The social costs of low-cost labour countries are favoured 
by this correction. 

𝐵𝑃𝑃 𝑊𝑎𝑔𝑒𝑠 𝑓𝑖𝑛𝑎𝑙 = (𝐵𝑃𝑃 
𝑤𝑎𝑔𝑒𝑠

ℎ𝑜𝑢𝑟
𝑟𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑) 2  

 

Within the region, we now have the BPP of wages/hour corrected for a maximum of 48 
working hours, for other working conditions and for labour rights. Assuming this BPP of 
wages per hour is equal to the wages/hour paid, the BPI is 1 

. 

𝐵𝑃𝐼 =

𝐵𝑃𝑃
ℎ𝑜𝑢𝑟

𝑟𝑒𝑔. 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑

𝑊𝑎𝑔𝑒𝑠 /ℎ𝑜𝑢𝑟 
 

 

The approach so far is based on a linear calculation, where the first and the last euro are 
equally weighted. This could be changed to a non –linear progressive calculation to reflect 
the damage of extremely low or high wages far away from SI. 

The reason for a progressive approach can be justified in Figure 5. 

                                                        
17 This seem to be double counting, I t i s true that the wages are multipl ied by 2, however, t he social  

cost of labour i s the  BPP of labour. We then add the social  costs of consumption, which are at the 

same level as the social costs  of labour. Assuming that any consumption, even consumption of 

sustainable goods provoke external i ties. Thi s wil l  provoke discussion, h owever, as long as consumption 

i s not taken into account a sustainable balance cannot be reached. The sustainable balance between 

sound production and sound consumption.   
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Figure 17 Engel  curve showing demand for hol iday fl ight tickets and income  

 

The increase in demand for flights grows exponentially with income, but further research is 
needed to prove this. 

 

 Example 

 

This example has been simplified to a national income level without correction for working 
hours; other working); labour rights or low and high cost country differences. Production 
takes place in a low wage country, and management and sales in a high wage country. 

The Sustainable Income is: 

€7500 per employee per year in the country where products A and B are produced (country 
X); 

€ 25,000 per employee per year where these products are distributed and sold (country Y). 

We now calculate the BPP of that labour. In the cost calculation of products A and B, total 
labour costs are the same. See Table 1 for specification. 
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Table 4 Speci fication of labour costs  

 Employees  
Income/yr 
(€) 

Product A 
(€) 

Product 
B (€) 

Country X  1  5,000  5,000   

Country Y  1  45,000  45,000   

Country X  3.3  7500   25,000  

Country Y  1  25,000   25,000  

Labour costs, 1000 units   50,000  50,000   

  1 product unit   50  50  

 

Comparing the wages with the sustainable income, we now see that the wages paid for the 
production of product A were too low. For the sales of that product, the wages paid were too 
high considering the sales of that product. It could be a cheap product sold with high 
marketing costs. We now add the difference from the sustainable income to the labour costs. 
See Table 5. 

 

Table 5 Calculation of the Best Practice Price of labour per product uni t  

 
      Employees  Product A (€) 

Product B 
(€) 

 Labour costs in country X  1  5,000   

Difference to ‘Sustainable Income’  2,500   

 Labour costs in country Y  1  45,000  

Difference to ‘Sustainable Income’  20,000  

 Labour costs in country X  3.3  25,000  

   

Difference to ‘Sustainable Income’   0 

 Labour costs in country Y  1   25,000 

Difference to ‘Sustainable Income’   0 

Total labour costs at ‘Sustainable Price’  72,500 50,000 

BPP of 1 unit  72.50 50 

BPI 1.45 1 
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Product A produced with cheap labour and sold with high marketing costs now shows high 
social costs and a higher BPI (1.45) for labour than product B (BPP of 1). Product B is 
produced with wages at a Sustainable Income level, the Best Practice. 

 

This Best Practice Price of labour adds to the other costs expressed in the Best Practice Price 
of the product. The new aggregated Best Practice Price is then compared to the market price. 
The gap is the external impact of the production of the product. 

 

 Conclusion, discussion and recommendation  

 

The social costs of labour in the BPP approach are the sum of labour costs plus the ‘virtual 
distance’ of the income to the average income in the region. form the ‘virtual distance’ of the 
income to the average income in the region. There is a correction for working hours up to 
48 hours per week. The absolute level of income has a positive relation to consumption. 
Consumption provokes the use of resources. In the model, I included a correction for the 
social costs of consumption. The supply-chain example shows the influence of the supply 
chain wage balance, the balance between high and low wages throughout the chain. Other 
working conditions can be included in addition to wages. The employees’ satisfaction and 
health risks can be measured by a proxy like percentage sick leave or retirement age within 
the firm. The Fair Labour Score Card could be an option for labour rights. Other proxies can 
serve some of the labour rights like gender discrimination. Child labour and slavery are still 
included by the too low wages of labour; however, they are not banned by this method. 
Another vital issue ‒ on macroeconomic level ‒ is the right to work. More research has to 
be done to find the right databases, norms and proxies to link to the model and to prove the 
suitability of linear calculations. 
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5. Social Cost of Exhaustion of Natural Resources 

In this chapter I will perform a literature review on the exhaustion of natural resource. Then 
I will elaborate 3 model to find the social price of natural resources. Finally I will discuss the 
findings and give suggestion for further research. 

 

 Abstract  

The market is not able to foresee exhaustion in the long term, so reacts too late, causing 
externalities due to the increasing costs so as to avoid exhaustion. Important here is the 
balance between investment and scarcity at a social marginal cost level of natural resources. 
Best Practice Price (BPP) represents these social marginal costs. Three dimensions 
determine the height of the BPP: the limits in the geosphere, the height of the investments 
and the desired rate of depletion. The dimensions determine whether the use of a resource 
causes externalities. Resources belong to different categories ‒ renewable, limited, 
recyclable or substitutable ‒, depending on the resource, with each category requiring a 
specific model of calculation. Three models are suggested for calculating the BPP: the 
compensation model, the price elasticity model and the recycling model.  Data on existing 
resources and the prediction of future consumption bring uncertainty, which might 
influence the absolute outcome of BPP; however, the relative height of BPP of different 
products still serves to compare products with practices. It also serves as a guideline for 
producers and consumers to make sound decisions. Further research is needed to define 
sources of data and fine-tune the models. The access and use of natural resources occur 
nowadays in a competitive environment. Since the scarcity of some resources can lead to 
conflicts in the near future, stakeholders need tools to manage the sustainable use of natural 
resources. The locality-specific, dynamic relationships among quality, quantity and access 
are important to understanding sustainable use and avoiding externalities. As part of the 
Best Practice Price sustainability metrics, I restricted my research to the externality of 
resource exhaustion, focusing on existing resources, with the aim of finding a sustainable 
use, a best practice. The best practice of use depends on the desired minimum threshold 
quantity, the category of the resource and desired demand. The category of resource can be 
renewable or non-renewable, substitutable or non-substitutable. For some natural 
resources, it is not the stock but the quality (water, air) that is at issue. Land (chapter 3), air 
and water (chapter 6) are elaborated separately. 

 

 Literature review 

This literature review sheds light on the dimensions which influence the social costs of 
natural resources, the dynamics of the market and its shortcomings for sustainable use of 
resources.  

Use of natural resources 
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Thanks to the use of energy and mineral resources humankind has entered into a 

technological and cul tural  evolution (Steinbach & Wel lmer, 2010). The consumption of 

natural  resources has skyrocketed with the growth of economies in populous countries l ike 

China, India and Brazi l  (Sinding-Larsen & Wel lmer, 2012).The correlation between the use of 

of natural  resources and the global  growth of GDP (Lembke, 2011), ci ted in (Sinding-
& Wellmer, 2012) is in  

Figure 18. 

 

Figure 18 Correlation of raw material  prices and world GDP (Lembke, 2011) 

The trend of dematerialisation in industrialised countries is superseded only by the ‘super 
boom’ in developing countries (Sinding-Larsen & Wellmer, 2012). The expectations of 
growth for these countries will lead to even larger pressure on natural resources. Companies 
are aware of the risk of scarcity (Lembke, 2011) and governments are also starting to wake 
up., The US National Research Council, among others, has assessed minerals on supply risk 
and the impact of supply restrictions. In this assessment, a number of minerals were 
identified as highly critical (NRC, 2008). In a perfect market, which considers depletion in 
the long term, prices of rare minerals would have risen earlier ‒ proof of the short-sighted 
market. The market price ‘only reflects an imbalance between supply and demand of the 
market and not at all an exhaustion of resources’ (Sinding-Larsen & Wellmer, 2012). On the 
other hand, innovation has proven to change our need for certain products and (Steinbach 
& Wellmer, 2010) substantiate the fact that many resources, due to innovation, are either 
fewer in number or no longer needed. Meanwhile, we still need considerable resources ‒ 
energy and some, non-substitutable, resources like phosphorus. Especially the future supply 
of metals and energy are of principal concern to the world economy (Steinbach & Wellmer, 
2010). 

 Non-renewable and Renewable Resources 

Natural resources can be divided into non-renewable and renewable. Non-renewable 
resources are extracted from a finite stock and renewable resources are harvested from a 
natural environment (Schulze, 1974). The earth has a limited stock of the non-renewable 
resources. Within this group we find, for example, metals, non-metallic minerals and fossil 
fuels (Schulze, 1974). We can also divide natural resources into those that are completely 
consumed (e.g. fossil fuels) and natural resources that can be recycled (Steinbach & 
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Wellmer, 2010). Some resources can be recycled, which can decrease the rate of depletion, 
while some are non-substitutable, like phosphorus, which is indispensable for the growth of 
plants. For the renewable resources, we focus on the management of the flow of goods or 
services from the natural environment (Schulze, 1974) and the depletion of the natural 
environment’s capacity to produce natural resources. Fish is harvested from the natural 
environment and pollution of the sea is the result of reduced capacity of the natural 
environment to produce fish. Externality appears when the market does not take the 
depletion of the resources or capacity of the natural environment into account. The market 
mechanism of supply, demand and prices are still influenced by scarcity. However, the 
market price only partly reflects scarcity due to other factors which influence the price (Hall 
& Hall, 1984). Meanwhile, resources become scarce, even though there is still little 
agreement on what scarcity is (Hall & Hall, 1984). The market price might therefore not be 
the best guide by which to judge physical scarcity. Scarcity for renewable resources can be 
divided into the Malthusian Scarcity, based on the law of diminishing yield, and the Ricardian 
Scarcity, based on diminishing quality (Hall & Hall, 1984). Both show an increase of costs 
with increasing yields. 

We can subdivide scarcity of non-renewable resources into Malthusian stock scarcity and 
Malthusian flow scarcity (Hall & Hall, 1984). The stock scarcity is linked to resources which 
have equal costs up to depletion, e.g. natural resources from surface mining. Malthusian 
Flow Scarcity is applied when additional consumption raises the cost of extracting the 
resources. This is important because the price in the market might reflect stock scarcity, but 
_fail to consider the increasing costs of extraction. To extract the last barrel of oil could cost 
much more than a barrel of the current stock. Marginal costs to extract the resource, rise. 
Here, we focus on non-renewable resources and take the stock and flow scarcity into 
account. 

We can define the availability of natural resources in terms of reserves, resources, and stock. 
Reserves are the quantities available at current technology and today’s prices. Reserves are 
those occurrences that are identified, measured, and at the same time known to be 
technically and economically recoverable (Rogner, 1997). Resources include reserves and 
known, but not economically minable, quantities (Sinding-Larsen & Wellmer, 2012). Stocks 
include reserves, resources and undiscovered speculative quantities. We do not know the 
total stock of a certain natural resource, but we can estimate its reserves, resources and 
stock with the help of Figure 19. 
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Figure 19 Classi fication of energy reserves and resources (Rogner, 1997) (Modified from 

(McKelvey VE., 1972)) 

The term, Ultimately Recoverable Resources (URR), is practiced in the oil industry. URR is 
defined by the Glossary of the Association for the Study of Peak Oil and Gas, (“Glossary | 
ASPO International | The Association for the Study of Peak Oil and Gas,” n.d.) as: ‘When 
talking about a region or a country, the URR refers to the total amount of oil that will ever 
be produced from that region/country including yet-to-find fields. URR (region, country) 
refers to cumulative production + recoverable reserves + yet-to-find’.Chiari & Zecca (2011) 
define URR as the sum of past cumulated consumption and proven reserves. The URR can 
be compared to the term ‘resources’ mentioned in Figure 19 minus past cumulated 
consumption. 

Forecasting URR is like skating on thin ice as Sorrell et al. (2010) mention: 

‘Comparison of global oil supply forecasts is hampered by the lack of transparency of many 
of the models, the inconsistency in the definition and coverage of liquids and the range of 
methods and assumptions used. There is considerable scope for improving consensus by 
revealing and comparing key assumptions and systematically exploring the sensitivity of 
forecasts to those assumptions. Models need to better integrate supply and demand and 
explore a wider range of socioeconomic scenarios’ 

The sum of the remaining reserves plus the undiscovered volume in Figure 20 is equal to the 
resources. 
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Figure 20 The relationship between cumulative production, remaining reserves, and undisco vered 

volumes (Sinding-Larsen & Wel lmer, 2012)  

Rogner (1997) identifies four dimensions that determine exhaustion: geological knowledge, 
economics, technology and future resource extraction and use. The influence of these 
dimensions determines the supply and demand and thus the price of natural resources. 
Supply depends on reserves and investments of companies that expect gains in short term. 
The longer-term outlooks do not exceed one or two decades (Rogner, 1997). For industry, 
the so-called reserve-to-production ratio has the longest timespan, with a focus of 20-40 
years (Rogner, 1997). Therefore Dasguppta & Heal (1974) doubt that the market prices can 
provide the correct signals due to ‘the absence of intertemporal plans or a satisfactory set of 
forward markets’.  

From the above, we can conclude that the private market is short-sighted and current prices 
do not take consequences beyond 40 years into account. The price of resources is, at best, a 
good indicator for short-term reserves, but is not an indicator for resources or stock in the 
long term. To anticipate on exhaustion of resources, a longer time span would be beneficial. 
The advice of Rogner (1997) is to expand the temporal scale to 100 years or more.  

To estimate the time to depletion we can make use of the Huppert curve (Hubbert, 1956), 
cited in (Sinding-Larsen & Wellmer, 2012). This is a logistic bell-shaped production curve 
with a slow increasing start and a decreasing end of production, with a high flat production 
level in between. At the centre is the depletion mid-point or peak, where 50% of the reserves 
are exploited. This becomes an important land mark in the prediction of reserves. The 
Huppert curve, however, underestimates future production because it fails to include future 
new reserves (Patzek & Croft, 2010).The Hubbert curve can be supply-driven or demand-
driven. The supply-driven curve takes the exploitable reserve into account (Sinding-Larsen 
& Wellmer, 2012) and has similarities with the Malthusian stock scarcity. The demand-
driven approach adapts to ‘price increases, technology changes, and/or learning effects 
(Sinding-Larsen & Wellmer, 2012) and mirrors the real market circumstances. High prices 
induce high investments and stimulate technological growth, resulting in expansion of 
reserves and decreasing prices up to reaching a new balance of demand and supply. If we 
want to make use of the Huppert curve, we have to know whether the production curve is 
demand- or supply-driven. The Huppert curve cannot predict reserves if the curve is 
demand-driven. 
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Phosphorus is a depletable and non-replaceable mineral for plants. By comparing the 
production curve of phosphorus to the potassium production curve (Sinding-Larsen & 
Wellmer, 2012), we show that these curves are not linked to the resources and have a clear 
demand driven curve. This prohibits using the curve for prediction in the case of possible 
future resource limitations (Sinding-Larsen & Wellmer, 2012). 

So, only for resources which have a supply-driven production curve, can one make use of the 
Huppert curve to predict reserves. Knowing that the reserves are not sufficient enough to 
handle scarcity of the limited amounts of resources, Wellmer & Steinbach (2011) in 
(Sinding-Larsen & Wellmer, 2012) identified three dimension of the availability of natural 
resources. The first dimension is the geosphere or primary resources; the second is the 
techno-sphere or secondary resources, which can be recycled, and, the third, human 
ingenuity and creativity. The first dimension is subject to uncertainty and depends on the 
second dimension techno sphere, which helps to explore and exploit resources. The second 
dimension is a result of the third dimension and reflects the use of natural resources. The 
third dimension depends on our ingenuity and creativity (McKelvey, 1973). Shale gas 
production is a good example of these dimensions. Sources of shale gas (geospherical limits, 
first dimension) can only be exploited since the discovery of hydraulic fracturing technology 
and horizontal drilling (second and third dimension). Steinbach & Wellmer (2010) explain 
the possibility in theory of sustainable use of natural resource: 

‘We do not need raw materials as such, only the intrinsic property of a material that enables 
it to fulfil a function. At the time when consumption starts to level off, chances improve of 
obtaining most of the material for our industrial requirements from the techno-sphere. Then 
a favourable supply equilibrium can emerge. Essential conditions for taking advantage of 
this opportunity: affordable energy and ingenuity to find new solutions for functions, to 
optimize processes and to minimize losses in the techno-sphere. 

This Steinbach &Wellmer theory (Steinbach & Wellmer, 2010) is correct: we can find new 
solutions for most of the current resource use; however, it will depend on the costs in the 
techno-sphere and uncertainty of our ingenuity to solve the created problem of depletion in 
time. Exhaustive resources are associated with higher (environmental and economic) 
marginal costs due to Malthusian and Ricardian scarcity. 

Figure 21 Relation of Use, Geo-sphere, Techno-sphere and Ingenui ty & Creativity  
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The Techno-sphere can enlarge the reserves within the limits of the Geosphere, and can 
influence waste and recycling. Ingenuity & creativity may act as a leverage on the time to 
depletion. They can also influence use and techno-sphere. The problem of scarcity can be 
resolved from a positive point of view. As Kågeson (1998) states: 

‘The growth-oriented school objects that higher prices and technologies will solve energy 
problems and that the possibilities of solution and more efficient use of materials are far 
from exhausted’ (Kågeson, 1998). Thus we have two dimensions that influence the rate of 
depletion. On one hand, the limits of the geosphere and, on the other, the investments. 
Investments which include the input of human resource for ingenuity and creativity increase 
the chance of finding other solutions. The optimal rate of depletion and investment is 
important to solve the problem of depletion of exhaustible resources (Dasguppta & Heal, 
1974). A third dimension is the goal we set in number of years to exhaustion of the 
resources. A high number will demand high investments. For phosphorus, which is non-
substitutable, the number of years is to infinity The relation between the investments, the 
limits in the geosphere and the goals (in number of years to exhaustion) are outlined in 
Figure 22. The limits of the geosphere and desired number of years to exhaustion determine 
the height of the investments to achieve the goals. Over- or under-investment in relation to 
the marginal costs cause extra costs or negative consequences of scarcity successively. 

Figure 22 Three dimensions that determine the rate of depletion  

Resources with high limits in the geosphere and a high desired number of years to 
exhaustion will have a high rate of depletion unless the investments are high. Investments 
can relax the limits of the geosphere and the desired number of years to exhaustion can be 
achieved more easily. However, this also depends on the elasticity of substitution, which is 
unknown. The ideal situation is to create a balance between scarcity and investments. The 
marginal costs determine the height of the investments. Resources with high marginal costs 
justify high investments. The marginal costs determine the height of the investment level. If 
we invest at too low a level, the reserves will deplete rapidly and there will be scarcity. Any 
investment above that level will prolong the number of years to exhaustion. If the number 
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of years exceed our goal, we will fail to capitalise on the reserves in time and carry high costs 
of the investment. Therefore, from the point of view of depletion, investments in renewable 
energy have an optimum level. As soon as marginal costs go up, more investments are 
feasible. 

In practice, investments have a high uncertainty concerning time to substitutes, change in 
use or recycling etcetera. The elasticity of substitution therefore plays an important role 
(Dasguppta & Heal, 1974). Not the uncertainty of reserves, but rather the uncertainty 
connected to future technology is important. Technology can change use and discover 
substitutes  

‘There is, for example, a chance that the discovery of substitutes will render previously 
essential resources inessential. This has happened a number of times in the past, and one 
would expect that the best policy towards resource depletion would depend on the 
probability of such an occurrence.’ (Dasguppta & Heal, 1974). 

The rate at which resources are consumed is the ratio of reserve to production (R/P),which 
is constant at global scale (Mercure & Salas, 2013). It makes sense to realise that reserves 
fluctuate in conformance with the economic viability of extraction. The demand for 
resources in the market results in a price which balances around the costs of extraction 
(Mercure & Salas, 2013). If demand and thus price increase, new fields can be exploited and 
reserves increase. The social prices, due to their higher level, thus provoke investment and 
ensure that the rate of depletion is at desired level. 

Resuming the literature review we can that the market is based on reserves, which are 
economically exploitable resources. Resources are partly known and partly estimated 
quantities. Stock includes reserves, resources and speculative quantities. The private sector 
makes use of the term: Ultimately Recoverable Resources (URR). URR minus cumulative 
production is equivalent to the term resources. There is a high degree of uncertainty in the 
estimation of resources. The market only takes reserves into account for a time span of 40 
years maximum, and the market price does not anticipate exhaustion beyond that time limit. 
Therefore for intertemporal and intergenerational planning, the market reacts too late to 
avoid depletion in time. The use of non-renewable energy and resources to implement new 
solutions can nullify the gain of new solutions. Thus anticipation on exhaustion can diminish 
the consequences. Market prices are therefore not a good guide to avoiding exhaustion. An 
early alert for exhaustion will raise prices and provoke high investments. Investments relax 
the rate of depletion by changing use, technology and creating substitutes. Investments can 
compensate the rate of depletion; however, the success of the investment does carry 
uncertainty. 

 BPP models for natural resources 

In this section, I will link the outcomes of the literature review to BPP and suggest models to 
find the social cost of resources focussed on exhaustion. Further, I will give some examples 
for testing the models. 
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Figure 23 Increasing prices provoke investments, s timulate technology and expand reserves 

and resources 

From the literature review, we conclude that the market can regulate exhaustion only for a 
time span of maximum 40 years. Depletion causes externalities due to reducing quantity and 
quality of the resources, and rising costs of extraction and costs of alternative solutions. It is 
important to define accurately the term ‘resources’, as a reference to the exploitable 
quantities for intertemporal and intergenerational guidance of depletion. Each category of 
resources demands a specific approach. We focus on non-renewable, limited resources ( 
Figure 24). 
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Figure 24 Resource categories  

The theory of BPP is to determine a socially desired or best practice rate of depletion of 
natural resource, and to find the associate price of that practice. To determine the best 
practice we first have to set goals. A goal can be the number of years to exhaustion for 
substitutable resources or a rate of recycling to avoid exhaustion for non-substitutable 
resources. At this stage of the argument, we do not discuss how to establish the goal. For 
each category and resource, the socially desirable depletion pattern or number of years to 
exhaustion can be different. We followed the steps below in building a model to find BPP. 

To find the data easily, we make use of the global Ultimately Recoverable Resources (URR), 
which is commonly used in industry to predict the peak in the Huppert Curve. We subtract 
the cumulative production to find the resources. To avoid confusion with resources as a 
quantity of natural resource we introduce global quantity (gQ). The gQ to production ratio 
(gQ/p) represents the current rate of depletion and signals exhaustion on an intertemporal 
and intergenerational time span. If the stakeholders accept the ratio (the best practice) then 
the BAU rate of depletion is sustainable. If not, goals are set at a socially desired gQ to 
production (sgQ/p), the best practice.18.From this point on there will be different ways to 
find the price of the best practice. The first model is the compensation model, the second, 
the price elasticity model and the third, the recycling model. 

 Compensation model 

The rate at which resources decline is a loss of assets, which disappear on the ‘balance sheet 
of our planet’. As long as the rate is socially accepted, this loss is accepted as well. If the rate 
is beyond that socially accepted level, it causes externalities. The social level of the price, the 
BPP, is at a level at which investments are made to compensate for the excessive loss of 
assets. The investment can stimulate technology, find substitutes and alter use. 

                                                        
18 As previously mentioned it i s out of the scope of thi s chapter to elaborate on how to set goals and 

f ind the social ly desi red ratio (sgQ/p).  
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Figure 25 Social  loss of resources and level of Best Practice Price (BPP) and Market Price (MP)  

We assume that the socially desired gQ/p is equal to demand. In Figure 23 at t0 there is no 
difference between actual and socially desired use. At the point in time ty, the socially 
desired level is high and supply is 0. At a BAU rate of depletion, ty, the social costs are at 
their highest level. The difference between sgQ and gQ is the quantity consumed above the 
best practice at global scale. The BPP is the social value per remaining gQ. We multiply sgQ 
by the market price (MP) and divide by the remaining gQ: 

𝐵𝑃𝑃 =
(𝑆𝑔𝑄)𝑀𝑃

𝑔𝑄
 

BPP refers to a point in time. If the reference point is t0, then sgQ and gQ are equal. That is 
the BAU scenario in which future generations up to tn will pay the full social costs of 
depletion. The BPI is 1, which means that the current use is the Best Practice. 

∆𝑔𝑄𝑡0 = 𝑠𝑔𝑄 − 𝑔𝑄= 0 

𝐵𝑃𝑃𝑡0 =
(𝑆𝑔𝑄)𝑀𝑃

𝑔𝑄
= 𝑀𝑃 

 

The Best Practice Index, BPI is the BPP divided by the MP: 

𝐵𝑃𝐼 =
𝐵𝑃𝑃𝑡0

𝑀𝑃
= 1 

Next, we take ty as a reference point. In this scenario, the current generation pays the highest 
price and future generations have hardly any costs. BPI is high and current use is extremely 
anti-social. 

∆𝑔𝑄𝑡𝑦 = 𝑠𝑔𝑄 − 𝑔𝑄 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 

𝐵𝑃𝑃𝑡𝑦 =
(𝑆𝑔𝑄)𝑀𝑃

𝑔𝑄
= 𝐵𝑃𝑃 > 𝑀𝑃 

𝐵𝑃𝐼 =
𝐵𝑃𝑃𝑡𝑦

𝑀𝑃
=> 1 
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Between t0 and ty, at tµ , ( 
𝑡𝑦

2
 ) number of years from t0, the burden for current and future 

generations is equal. BPP refers to the sgQ and gQ of this point in time. 

𝐵𝑃𝑃𝑡µ =
(𝑆𝑔𝑄)𝑀𝑃

𝑔𝑄
= 𝐵𝑃𝑃𝑡µ < 𝐵𝑃𝑃𝑡𝑦 

𝐵𝑃𝐼 =
𝐵𝑃𝑃𝑡𝜇

𝑀𝑃
=> 1 

A scarce product with a lower gQ/p than sgQ will now show a higher BPP (social price) than 
the market price19. Products made using very scarce resources will now have a high BPP 
and a high Best Practice Index (BPI). Products which contain resources used at the sgQ/p 
rate will have a BPP equal to the MP and a BPI of 1. Companies and consumers aiming at 
sustainable products20 choose products with a relative low BP compared to the market 
price or find substitutes for products that have a very high BPI. Important for this model is 
the accuracy of the Global URR data. 

 Crude oil example 

The average global URR in the scenarios is 3250 billion barrels (Gb) and cumulative 
production is 1128 Gb (through 2007) (Sorrell et al., 2010). The gQ by 2010 is around 2000 

                                                        
19 The calculated BPP ’s only purpose is to display the price of the best practic e; it does not have 

to be paid.  

20 Focussed only on rate of depletion of natural resources  
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Gb and the expected year of depletion in approximately 150 years ( around the year 2164) 
(Figure 26)21. 

 

Figure 26 Peaking of global conventional  oi l  production under different assumptions for the 

global URR using a simple ‘bel l -shaped’ model of global  production (Sorrel l  et al ., 2010)  

We suppose a market price of us$100/ barrel, assuming the socially desired years to 
depletion is 300 years. The BPP based on the point in time, tµ, is 75 years. By then, the BAU 
use of crude oil exceeds the socially desired level by 813GB. The price to compensate will be 
total value of use divided by sgQ- BPP or US$150/barrel.. 

BPPtµ =
(SgQ)MP

gQ
 

150 =
(1500)100

1000
 

Figure 27 BPP of crude oi l  based on 300 years to depletion  

The best Practice Price of crude oil, based on 300 years to exhaustion, is US$150  

𝑩𝑷𝑰 =
𝑩𝑷𝑷

𝑴𝑷
 

𝐁𝐏𝐈 =
𝟏𝟓𝟎

𝟏𝟎𝟎
= 𝟏. 𝟓 

 The price elasticity model 

As an example for crude oil, the current market price is based on reserves and limited to an 
orientation of around 40 years. The number of years to exhaustion based on resources is 
150 years. This is beyond the scope of the market and thus the price is not a reflection of 
exhaustion in the long term. If the sgQ/p ratio stretches exhaustion to 300 years, demand 
would have to drop by half. The BPP is ‘the price in the market at which demand will 

                                                        
21 Figures are rough estimates just as in the example. 
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decrease to “desired level of use”’. With the help of price elasticity, we can calculate that 
price. This BPP of crude oil takes exhaustion in the long term into account (Figure 28). 

 

Figure 28 Exhaustion of crude oi l : price at business as usual  and at best practice  

This model cannot be used for all resources. As an example, phosphorus is a depletable, non-
substitutable and recyclable resource. The number of years to depletion is beyond 300. The 
price elasticity model is not suitable for two reasons. Firstly, the time span brings 
considerable uncertainty with it. Secondly, the price elasticity of non-substitutable 
resources is low (Zhu et al., 2013) and of phosphorus, very low. This will result in very high 
uncertainty levels and an extremely high BPP. 

 Recycling model 

The BPP of recyclable resources is the level of the marginal costs of recycling. From the gQ/p 
and the sgQ/p ratio we derive the desired percentage of reduction of demand. The recycling 
is equal to the desired reduction. Each level of reduction will have its own costs. 
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Figure 29 Increasing marginal  cost of recycl ing 

 Discussion and recommendations 

The BPP of natural resources focussed on exhaustion depends on the available data and 
future projections. The argument that the market can take care of exhaustion holds true for 
the short time span. Global sustainable management of resources requires an intertemporal 
and intergenerational time span. At present, this is not the case, which results in a late 
reaction of the market to exhaustion and, in turn, raises the costs for solutions. Early 
investments can bend the rate of depletion. Still, investments are no guarantee for success. 
We cannot buy solutions. Uncertainty, which is inherent in planning, needs to be handled in 
a scientific and transparent way. Data and predictions of use bring uncertainties that will 
influence the height of BPP. The height of social costs found by the BPP model may not at all 
correspond with the externalities caused by scarcity. The BPP approach merely compares 
the costs of the best practice to avoid depletion. One may argue whether this approach is the 
best one, but to date, it has been very difficult to quantify the social costs of exhaustion. The 
research presented here offers several tools to compare and value different practices. It is 
not the absolute value of BPP but rather its relative value, which can help us make sound 
decisions. Companies, eager to produce sound products, can apply the BPP and the BPI to 
obtain a price level encouraging more investments to find alternative solutions. The global 
URR data differ depending on source. Future research has to focus on solid definitions and 
transparent models. 
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6. Other Factors and the model 

 

In this chapter, I will suggest models for other production factors and processes, followed 
by a discussion on the expected difficulties and suggestions for further research. 

 

 Abstract   

Beside land, labour and natural resources, there are other factors that can provoke 
externalities, some of which are briefly addressed in this chapter. For the factor – capital - 
the financial institutes and control of independent institutes on risk of complex financial 
products all play important roles. However, the information available and the independency 
of auditors are questioned. Transparency of banking and independent auditting are two 
main factors that avoid financial instability. During a period of financial instability, less 
attention is paid to social or environmental aspects. Water is a non-depletable resource. 
However, an increasing percentage of our population is living under chronic water 
shortages, mainly due the increased world population and climate change. With the help of 
well identified parameters, an input–output model can provide a base for a sustainable 
distribution of water in a region. The price elasticity for each consumption sector can be 
used to calculate the BPP. Production processes also cause externalities. Estimating the 
damage they provoke is not easy. The BPP make use of prevention costs, which are the costs 
of the best practice, like a filtering system, high resource efficiency or lower emissions. These 
processes perform better but are usually not economically viable. The price of these 
processes is the BPP. Any innovation will lower the performance of existing processes and 
make BPP a dynamic metric. Waste in kilos per person per day is increasing beyond our 
ability to handle it. Through taxes, legislation, tradable permits and so-called recycling 
insurance we can mitigate the amount of waste. The option of recycling insurance is suitable 
to integrate in BPP by adding the insurance premium to the private costs. The durability of 
a product seems important, though an optimal durability is preferred to a maximum 
durability. We can calculate the optimal durability with the same methods as used for the 
environmental assessment of durability of energy-using products. Once the optimal 
durability has been determined for a specific type of product, the costs of a warranty ‒ 
provided by the company/insurance company ‒ up to this period represents the BPP. 
Emissions constitute most of all the externalities. Since the Ecocost concept is based on 
prevention costs and has an approach similar to BPP, Ecocost can be used to calculate the 
BPP of emissions. Many other aspects linked to production and consumption are missing, 
but these and more, will appear when BPP is being calculated. First, a selection of most 
important issues will be used in the BPP, which can then gradually be extended. The 
decision-making infrastructure (DMI) plays an important role in tackling the great variety 
of issues and for involving stakeholders. Stakeholders and community involvement is crucial 
for the acceptance of the outcome of BPP. Subjective choices have to be made before one can 
calculate the BPP. The DMI handles this subjectivity in a scientific way to find outcomes that 
are ‘as near as possible-to-truths’ 
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 Other Factors 

The preceding chapters have elaborated the social costs of main production factors such as 
land, labour and natural resources. This chapter will briefly outline how to determine the 
social cost of capital, energy, water, processes and waste, along with durability and 
emissions. This is not enough to cover all origins of externalities, but I hope it will provide a 
guideline for missing factors. Finally, the modelling and decision-making will be explained. 

 Capital 

Globalization, which started in the late 19th century (Mishkin, 2005), has made nations 
more interdependent (Moshirian, 2011). This has led to more control by international 
institutions. After the Asian currency crisis in 1996–1997, it became clear that market 
liberalization would need considerable attention, given that countries such as India and 
China (which had strong controls on capital flows), had proven to be less harmed than other 
Asian countries (Stiglitz, 2000). Reflecting on the Asian currency crisis, the IMF (IMF, 1999) 
referred to global financial stability as a global public good. However, only after the more 
recent global financial crisis did the international community receive a wake-up call to 
‘seriously address a number of flaws that have existed in the recent international financial 
architecture’ (Moshirian, 2011). One of the results was the Financial Stability Board (FSB); 
however, as Moshirian (2011) argues, ‘despite the above positive developments, one should 
note that international financial institutions by themselves, or international rules and 
principles alone, cannot solve the underlying challenges of an increasingly globalized 
financial market.’ Nevertheless, it will be a long time before international institutes receive 
the mandate to overrule national legislation and act on a global scale. Meanwhile, other ways 
have to be found to avoid instability of the financial markets due to risks. In 2001 Bouma et 
al. (2001) asked themselves ‘whether sustainable development could be achieved without 
having to revise current norms and values or the current world view.’ Sustainable banking 
was associated with green banking, energy saving and the promotion of sustainable 
development 22(Jeucken, 2010). It did not refer to the core business of banking or to its role 
as mediator and stabilizer of the financial world. The financialization of Western economies 
by incentives for credits and high risk complex financial instruments has not been 
sufficiently controlled (Sikka, 2009). Key indicators to control risks like the leverage ratio 
are based on annual reports. These reports, however, do not represent reality. As a CEO of a 
leading financial advisory business said: ‘a big part of the problem is that accounting rules 
have allowed banks to inflate the value of their assets. Accounting has become a new 
exercise in creative fiction, with the result that banks are carrying a lot of ‘‘sludge” assets 
clogging up the balance sheet’ according to Reuters (Reuters, 4, 30 October, 2008) in (Sikka, 
2009). The role of auditing has become a key factor in controlling banking and estimating 
risks, though the position of auditors have been doubted. In the UK House of Commons 
Treasury Committee report on Northern Rock (Committee, 2008), the committee stated that 
‘there appears to be a particular conflict of interest between the statutory role of the auditor, 
and the other work it may undertake for a financial institution’(Committee, 2008) in (Sikka, 

                                                        
22 In the foreword by Jan Pronk, former Minister of Housing, Spatial Planning and the 
Environment of the Netherlands 
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2009). From this we can conclude that two major lessons have been learned from this 
statement: firstly, auditing financial institutes is of utmost importance to avoid unacceptable 
risk and, second, the auditors must be indepent of the institutes. Transparency of banking 
and independent auditing are thus two main factors to avoid greedy and risky behaviour of 
financial institutes. In combination with regulations based on norms and values of a 
sustainable society, this becomes the base for sustainable banking. Now we have to monetize 
the costs of this prevention tool. The price of the best practice, transparency and 
independent auditing is the BPP. The costs of control to achieve transparency and the costs 
of independent auditing become the prevention cost for sustainble banking. Besides, the risk 
assessement of each financial product is important and has to be benchmarked against 
standards within regulations which ensure a sustainable financial market. For these two 
approaches to become monetized, profound research needs to be done in the financial 
market. This is out of the scope of the present research; however, it is in the scope of this 
reaserach to stress the importance of financial stability. The ongoing financial crisis 
decreases economic resources and distracts attention from environmental and societal 
concerns as a result of the Law of the minimum, found in Von Liebig in (Whitson & Walster, 
1912). Liebig’s barrel of Dobenecks is adapted to sustainability see Figure 30  

Figure 30 The Law of the minimum in time of cri si s, i l lustrated by the Liebig barrel . Source: 

(Doofi , 2014) ,23 adapted for the Tr iple Bottom Line approach  

This illustrates that the minimum resource determines the level of prosperity. People will 
be less concerned about other resources than the resource that is at the lowest level. Only 
after raising the minimum resource, will the level of prosperity rise. A financial crisis can 
give priority to economic progress and will stabilize or reduce attention to social and 
environment aspects. Therefore, financial stability and a triple bottom line approach are 
essential in sustainable development. 

                                                        
23  http://commons.wikimedia.org/wiki/File:Minimum-Tonne.svg [accessed 19 August 
2014] 
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 Energy 

‘When you consume anything, you are consuming energy’ (Bullard & Herendeen, 1975). This 
expression well states the importance of energy as input for any product or service. There 
are many sources of energy like non-renewable fossil fuel and nuclear power or renewable 
sources like the sun, the wind, biomass and geothermic energy. Each source is the result of 
a complete supply chain that causes externalities on different levels. For a non-renewable 
energy source like fossil fuels, exhaustion is an externality during combustion; the emissions 
of particulate matter, carbon dioxide and other polluting gases can cause externalities. 
Nuclear power plants have a low impact in terms of global warming, but have been shown 
to have risks of failure with devastating consequences. Renewable sources like biomass 
compete with food production on land use and wind energy can produce noise and demand 
a high input of natural resources and energy to produce the wind turbines. This makes the 
calculation of the BPP not entirely obvious. Therefore, first, the basic production factors 
have to be determined before we can compare one energy supply chain to another or 
compare biofuel to fossil fuel. For a ‘quick and dirty’ approach, we can agree on a model, 
whereas the price of the most advanced technology of renewable energy production is 
considered as the best practice. This would provide us with a concrete price to benchmark 
other practices of energy sources. For the time being, this price will determine the social 
costs of energy and, proportionally, determine the social price of a product. At a later stage‒ 
when more production factors and half products like steel have been calculated ‒ a more 
detailed calculation can be applied. 

 Water 

Water is a recyclable non-depletable resource. Fresh and clean water, however, is very 
scarce in some places in the world. Scarcity of water is therefore a problem of pollution and 
distribution. From the research of Kummu et al. (2010) we learn that:  

‘water shortage began in earnest at around 1900, when 2% of the world population was 
under chronic water shortage (<1000 m3/capita/yr). By 1960, this percentage had risen to 
9%. From then on, the number of people under water shortage increased rapidly to the year 
2005, by which time 35% of the world population lived in areas with chronic water 
shortage.’ 

Kumma et al. also concluded that changes in population have a four times higher impact on 
water scarcity than the negative influences of global warming on water scarcity (Kummu et 
al., 2010). The growth perspective of the global population predicts that water will become 
even scarcer. The market price of water does not reflect the scarcity of water (Jordan, 1999) 
in (Zhu et al., 2013). As long as roses are produced in such water-scarce regions as Africa for 
destinations were water is in abundance, we know that water scarcity is not included in the 
market price. Zhu et al. (2013) have identified parameters for the input and output of a 
water shed and identified the main stakeholders. Agriculture is an important stakeholder 
and is, like nature, industry and domestic use, by far the largest consumer of water. In a 
model, the endowments and use have to be balanced in such a way that the lowest marginal 
costs for all sectors can be reached. Endowment of the region, population, land quality, and 
climate may be the best variables for the model to find this balance. By employing this model, 
redistribution in quantity, the best practice, will stand against the actual use. From there, 



 

78 

individual prices for each user of water can be determined with the help of the elasticity 
model mentioned in chapter 5. The new price is then called the BPP of water, with which it 
will become clear that roses grown in a water-scarce area, carry high social costs, while roses 
grown in the Netherlands carry very low social costs, at least regarding scarcity of water. 

 Processes 

The choice of a production process has large consequences for the producer in terms of 
costs. Cost leaders therefore opt for low-cost processes. In general, more expensive 
processes can be expected to cause less externalities due to advanced technologies, which 
provide better filtering, more efficient use of resources, etcetera. Focussing on resource 
efficiency from the design of products has led to significant reductions in costs (Bullinger & 
BOPP, 1998) in (O’Shea, 2002). From this first wave of efficiency, which had to improve 
design that had not recognized the need for resource efficiency, we now have to decrease 
‘reduced design’, which raises the marginal costs. Whether or not to measure the social costs 
of a production process is debatable. Processes can provoke externalities, among others, 
those for the operators (safety and health risk), including provoking of emissions and waste. 
Each sector has specific processes causing one or more externalities and potential processes 
that, at current prices, are economically viable. This viability is benchmarked with private 
costs. Based on social costs, which are on a higher level, many innovative processes will be 
viable. 

We first define a best practice of processing per sector, where the costs form the BPP for the 
process. An example is bleaching paper, which used to occur in the paper mills with chlorine, 
but now has been replaced by alternative technically available methods. 

‘The pulp and paper industry processes huge quantities of lignocellulose biomass every year. 
The technology for pulp manufacture is highly diverse, and numerous opportunities exist 
for the application of microbial enzymes. Currently, the most important application of 
enzymes is in the pre-bleaching of kraft pulp. Xylanase enzymes have been found to be most 
effective for that purpose. Xylanase prebleaching technology is now in use at several mills 
worldwide’(Bajpai, 1999). 

If BPP had existed in the year 1999, then one of these processes would have been chosen as 
the best practice. Meanwhile innovation has taken place and methods have been developed 
to remove organic pollutants and decolourize the bleaching effluents from pulp and paper 
mills. This can be done by adsorption using chemically treated oil palm empty fruit bunch 
fibres (Sajab, et al., 2014). This process can now be called the best practice. Companies that 
adapted to the best practices of the 1999 were producing sustainably. However, because of 
innovations, their processes have to benchmark to new technologies and might not be called 
sustainable anymore. This illustrates that the BPP is a dynamic approach that adapts to the 
ingenuity of science and production. 

 Waste 

Waste is the silent killer of our society. In 2002, 2.9 billion urban residents produced 0.64 
kg of municipal solid waste per person per day and in 2012, around 3 billion residents 
generated around 1.2 kg per person per day (Hoornweg & Bhada-Tata, 2012). Greyson 
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(2007) identified four methods to manage waste: introduction of taxes, regulations, tradable 
permits and recycling insurance. The fourth insurance-based option is described as: 

‘A producer-responsibility tool. Insurance can limit a producer’s liability for unknown future 
recycling costs to a known current premium. When a producer places a product on the 
market, s/he must furnish a guarantee concerning the financing of the management of his 
waste. Such a guarantee may take the form of participation by the producer in financing 
schemes, a recycling insurance or a blocked bank account.’ (Greyson, 2007). 

This approach fits into the methodology of BPP. The premium serves to prevent costs of 
waste. Further research is necessary to find premiums applicable to a variety of products. 

 Durability 

Durability is ‘the characteristic of those objects or materials that maintain their properties 
over time’ (Mora, 2007) in (Ardente & Mathieux, 2014). Durability design of products is an 
integral part of sustainability (Dhir, Hewlett, & Roderick, 1999). However, durability of 
products is not a goal as such. As Ardente and Mathieux argue, ‘The extension of the lifetime 
of energy-using products is not necessarily the optimal strategy, as the efficiency of products 
generally decreases with wear, and their substitution by more energy-efficient products can 
be more environmentally beneficial in the long run’ (Ardente & Mathieux, 2014). We can 
identify the economic durability and the technical durability (Kostecki, 1998) in (Ardente & 
Mathieux, 2014). The economic durability will change once the social costs are taken into 
account. The optimum durability can be calculated by the same methods as those for the 
environmental assessment of the durability of energy-using products described in (Ardente 
& Mathieux, 2014), which is based on ‘the comparison, from a lifecycle perspective, of 
different scenarios concerning the length of the lifetime of a target product and its potential 
substitution with better performing alternatives’. Once we know the optimum durability, or 
in terms of BPP, the best practice, we then have to find an associated price. If a product has 
an optimum durability of 10 years, a producer should be able to give a warranty of ten years. 
By law, the producer might be obliged to only give a warranty for 1 or 2 years. This gap is an 
externality. The price of that gap is the price producers demand when they must provide a 
warranty up to 10 years. This warranty can be taken over by an insurance company, and the 
premium plus the market price are then the social costs of the product. This is the BPP of the 
product with a durability guaranteed to cover the optimum life time of the product. 
Producers can now choose to continue making ‘to-short-life’ products and have the 
disadvantage of a high BPP and a high BP-index. Or they may raise their products’ durability 
to the desired level. 

 Emissions 

For emissions I will refer to the ‘EVR model’ of Vogtlander & Bijma (Vogtlander & Bijma, 
2000). The approach of this model is very similar to BPP. The social costs, called Ecocosts, 
of emissions are derived from prevention costs and compared to the market costs in a so-
called ‘Ecocosts/Value Ratio’, which is similar to BP-index. Ecocosts are based on Lifecycle 
Analyses. 
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‘Eco-costs are a measure to express the amount of environmental burden of a product on 
the basis of prevention of that burden. They are the costs that should be made to reduce the 
environmental pollution and materials depletion in our world to a level which is in line with 
the carrying capacity of our earth. For example: for each 1000 kg CO2 emission, one should 
invest € 135, in offshore windmill parks (and the other CO2 reduction systems at that price 
or less). When this is done consequently, the total CO2 emissions in the world will be 
reduced by 65% compared to the emissions in 2008. As a result, global warming will 
stabilize. In short: “the eco-costs of 1000kg CO2 are € 135,-"’24. 

The Ecocosts model can play an important role in determining the BPP for environmental 
issues, particularly emissions. 

 More important topics 

There are many other topics linked to production (e.g. animal welfare, biodiversity and 
marketing), which are just as important to describe. The externalities of consumption have 
not been addressed; however, it is beyond the scope of this research to tackle them all. Many 
new issues will appear once we start calculating the BPP of the first link in a production 
chain. From then on, more and more pre-calculated BPPs will become available. In practice, 
BPP will initially be limited to the most influential factors to gradually expand, as completely 
as possible, the triple bottom line approach. 

 Models 

Sustainability is, per definition complex, often subjective, multidimensional and affecting 
multiple stakeholders. Any decision made on the measurement of sustainability should 
therefore be based on the input of representative stakeholders. Stakeholders’ participation 
is a vital instrument and should be part of the decision-making process (Reed, 2008). 
Scholars in the environmental management emphasize the need for community 
involvement to identify indicators of sustainable development (Fraser, Dougill, Mabee, 
Reed, & McAlpine, 2006). Taking more than only environmental issues into account will 
increase the need for participation. As Reed argues (Reed, 2008), stakeholders’ participation 
can improve decision making through a more comprehensive input of information; however, 
the process of participation determines the quality of the decision made through 
participation. The participation should start from the beginning and continue throughout 
the process, and should have a philosophical base of empowerment, equity, trust and 
learning (Reed, 2008). The set-up of a decision-making infrastructure (DMI) is a project on 
its own and should have clear objectives. Reed emphasizes that participation should be 
institutionalized, ‘creating organizational cultures that can facilitate processes where goals 
are negotiated and outcomes are necessarily uncertain. In this light, participatory processes 
may seem very risky, but there is growing evidence that if well designed, these perceived 
risks may be well worth taking’ (Reed, 2008). The outcomes of the DMI determine the 
variables in the models. To make it more concrete, let us take the example of crude oil. We 
are looking for a desired number of years to depletion of crude oil. Since we would never 
achieve consensus among stakeholders due to the often opposing interests, in a continuous 

                                                        
24http://www.ecocostsvalue.com/EVR/model/theory/subject/2-eco-costs.html 
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and real time process of probing, the aggregated opinion of each type of stakeholder is 
polled. A team of experts in the field assign a weight to each type of stakeholder; in the case 
of oil companies, we are looking at oil-reserve country representatives, industry, consumer 
and citizen organization, NGOs etc. Modelling will result in an outcome that is as close as 
possible to a consensus outcome, assuming that the weighting is near to desired weighting. 
This shows that subjectivity can be handled, but in the end, we will still depend on subjective 
decisions. This is, however, the price paid to find answers to the many dilemmas before we 
can measure sustainability. Therefore, the processes have to be transparent, as far as 
possible based on science, with local as well as global experts in the particular field. Handling 
subjective issues as mentioned might not reveal the absolute truth, but can result in a 
practical ‘as near as possible-to-truths’ outcome.  

 Discussion and recommendations 

A variety of factors that can provoke externalities have been discussed briefly. Although all 
factors are important, a selection was made in line with the scope of this research. Many 
more topics will emerge when the BPP is actually being calculated. To handle the great 
variety of topics, at different stages of production and consumption, regional or global, in 
the short or long term, it is of utmost importance to have a DMI. Only then, can the 
information, opinions, cultural and geographic differences of stakeholders be handled and 
bridged. The outcome of such a ‘scientifically handled subjectivity’ will still not represent 
the real truth but be a ‘as near as possible practical’ truth that gives us means to measure 
sustainability. As a recommendation, let me emphasize the use of existing models and 
measurement tools. Although many of these tools may not be comprehensible to the public, 
be expressed in one unit or have only a single approach, they can still be used to find best 
practices. 
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7. A sample of BPP, assessment of the viability and Limitations of BPP 

and recommendations.  

 

This final chapter will show a sample calculation of BPP for a final product. Then the role of 
BPP sustainability metrics in measuring the sustainable performance of our decisions is 
assessed by mentioning the possibilities and limitations. The chapter will conclude with 
recommendations.  

 

 Sample calculation of BPP for final product 

Below is an illustrative example of how the BPP of different externalities come together in 
one BPP for the final product. The values are fictitious. The product is a T-shirt produced in 
Bangladesh and sold in one EU country. 

For the sake of simplicity, we assume that there are only two production factors, energy and 
labour. In this example we elaborate three types of externalities throughout the supply 
chain: health problems, depletion of natural resources and under- and over-consumption. 
For the first, an externality concerning health problems due to working conditions, we 
measure the working conditions by the proxy percentage sick leave: the percentage that we 
add to the labour costs of the product. The second externality concerns depletion of natural 
resources, in this case, crude oil. The price of energy depends on the price of this non-
renewable fuel. The third externality is under- and over-consumption measured by the costs 
of labour. For labour, the paid wages determine the costs (Figure 31). 

 

Figure 31 Social , envi ronmental and economic external i ties of the production factors labour 

and energy.  
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 Working conditions 

For each externality we now have to find the costs. For working conditions, the goal in this 
production sector is a sick leave of 3%. The textile factory has a sick leave of 13%. The 
private costs of this high sick leave are partly included in the costs of labour and partly as 
production losses. We assume the production loss to be €0.01. The social costs’ post (10%) 
is the difference of the best practice (3%) from the actual percentage sick leave (13%). The 
costs of externalities are now 10% of the cost of wages (€1.00), which results in €0.10 per 
T-shirt, see Table 6. 

Table 6 BPP Calculation of working conditions  

Company A MP Social costs BP-Index 

Working 
conditions 

€.0.01 € 0.10 10 

 

 Energy 

For energy, we make use of the price elasticity model mentioned in 4.2.2.The number of 
years to exhaustion of crude oil, based on resources, is 150 years. If the socially desired 
global quantity to production ratio (sgQ/p) stretches exhaustion to 300 years, demand 
would have to drop to half of that. The BPP is: 

 ‘The price in the market at which demand will decrease to desired level of use. 

We can calculate that price with the help of price elasticity (.Figure 32) 
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Figure 32 Exhaustion of crude oi l : price at business as usual  and a t best practice. 

The price at which the market would reduce consumption to half is assumed to be such that 
the energy costs for producing the T-shirt now come to €3.00 (see Table 7). 

 

Table 7 BPP calculation for working conditions and energy  

Company A MP Social costs BP-Index 

Working 
conditions 

€ 0.01 € 0.10 10 

Energy €1.00 € 3.00 3 

  

 Labour 

For labour, we compare the paid wages to the local average wages, the sustainable income  
(). 

 

In this case, the T-shirt is made in Bangladesh, where wages are low, and sold in EU 
countries, where wages are high. Sustainable income is determined for each country 
involved. We assume that the income is based on a 48-hour week (Table 8). 

Table 8 Specification of labour costs 

Figure 33 Sustainable income in di fferent countries . 
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 Employees 
Income/yr 
(€) 

Sustainable Income 
Income/yr (€) 

Bangladeshi Garment Workers  1  2,500  7,500 

EU Country Sales Department  1  45,000  20,000 

Labour costs/ 25,000 units  50,000   

 Cost/T-Shirt 2  

Speci fication of labour costs  

Comparing the wages with the sustainable income, we now see that the wages paid for the 
production of the T-Shirt were too low. For the sales of that product, the wages were too 
high. It is a cheap T-Shirt sold with high wage marketing. We now add the difference from 
the sustainable income to the labour costs (Table 9). 

 

Table 9 Calculation of the Best Practice Price of labour per product uni t  

Employees  Product A (€)  

Labour costs in Bangladesh  1  2,500   

Difference to ‘Sustainable Income’ in 
Bangladesh 

5,000   

Labour costs in EU country  1  45,000   

Difference to ‘Sustainable Income’ in EU 
country 

20,000  
 

Total BPP of labour  75,000  

BPP/T-Shirt 3.00  

 

𝐵𝑃𝐼 =
𝐵𝑃𝑃

𝑊𝑎𝑔𝑒𝑠 𝑝𝑎𝑖𝑑 
 

1.45 =
 72.500

50.000 
 

 

The BBP of labour we now add to the other BPPs (Table 10) to obtain the result. 
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Table 10 BPP calculation for working conditions, energy and labour 

Company A MP Social costs BP-Index 

Working 
conditions 

€.0.01 € 0.10 10 

Energy €1.00 € 3.00 3 

Labour €2.00 € 3.00 1.5 

Total  €3.01 € 6.10 2.03 

 

 

The Price tag of the T-shirt will look like Figure 34 

Figure  34 Price Tag T-shi rt.  

A competitor makes use of renewable energy with a BPI of 1. The Price of the T-shirt is the 
same; however, the BPI is lower. This is a comparative advantage (see Table 11 Production 
with renewable energy). 

 

Table 11 Production with renewable energy  

Company B MP Social costs BP-Index 

Working 
conditions 

€.0.01 € 0.10 10 

Energy €1.00 € 1.00 1 

Labour €2.00 € 3.00 1.5 

Total  €3.01  € 4.1  1.36 

 

The textile sector represents an average BPI of 1.5 (Table 12). 
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Table 12 BPI  of the texti le sector  

Textile Sector MP Social costs BP-Index 

Company A €3.01  € 6.1  2.03 

Company B €3.01  € 4.1  1.36 

Sector   1.5 

 

Company B produces three products: T-shirts, jeans and hats. With the help of the BPI, we 
now can measure the corporate responsibility of the company. In this example, however, 
this has a limited scope (Table 13). 

Table 13 The corporate social  responsibi l i ty of the company can be measured using the 

average BPI . 

Company B MP Social costs BP-Index 

T-Shirts €3.01 € 4.1 1.36 

Jeans €10.00 € 16.00 1.6 

Hats €8.00 € 24.00 3 

Total  €21.01  € 4.1  1.98 

 

Any accounting can be done on the BPP, just as on private costs. Any decision made on input, 
processing or sales will influence the market price as the BPP. 

In this final chapter I showed the role of BPP sustainability metrics in measuring the 
sustainable performance of our decisions. Possibilities and limitations of BBP have been 
discussed, along with recommendations. The sample calculation of BPP for a final product 
at the end of this chapter is a demonstration of how externalities of different nature can be 
aggregated and expressed into one single unit. 

 

 Possibility 

The market, based on private cost, is not a good guide to avoid externalities. Social costs 
originate in a classical economy and can act as a good guide alongside the private costs, 
which originate in the neoclassical economy. The private costs are based on the market 
mechanism of supply and demand rather than on the costs of production. Actors in the 
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market, such as producers and consumers, fail to get access to information on social costs. 
The Best Practice Price (BPP), the sustainability metric, can fill this information gap. BPP is 
an approach that measures the prevention costs or the costs of the best practice rather than 
the damage our decisions provoke. The BPP sets sustainable goals, calculates the BPP of 
basic production factors and processes, and takes social, environmental and economic 
aspects into account. Producers calculate their BPP based on these calculations and pass the 
social cost price on to the next in the supply chain. The ratio BPP to the MP, called the BP-
Index (BPI) makes it possible to compare different products. Micro and macroeconomic 
performance indicators can be applied to the private costs, as well as to the social costs. 
Producers and public entities can set goals using the BPI to measure the state of being in 
social, environmental and economic perspectives of a company or a country. Consumers can 
set personal goals and sustainability becomes a tangible criterion in the everyday decision-
making process. A full operational BBP fulfils all criteria for a sustainability indicator 
mentioned by (Hart, 1995) in chapter 1 and the additional conditions mentioned in that 
chapter. However, before this can happen, much research has to be done and many decisions 
have to be made. As private costs are built up from the basic production factors in the supply 
chain, BPP first determines the social price of the main production factors and other 
influencing inputs of production. In this research, aimed at describe the theoretical 
framework for BPP, I have elaborated the production factors land, labour, and natural 
resources. The factors capital, energy, water, processes, waste, durability and emissions are 
also discussed. Although still limited, these are important sources of externalities of 
production, consumption and disposal of a product, they form the building blocks for the 
BPP sustainability metrics.  

 Land and Land-use 

A model for ascertaining the social price of land and land use (biome) has been created, with 
the literature review providing the background for drawing up a list of 22 biomes showing 
the value of ecosystem services (ESS). These 22 biomes form the base of the model. The ESS 
for cropland was set at 1 using this list, while all other biomes received a ratio to cropland 
status. This ratio is called the Costanza Ratio (CR). Converting the market price of a biome 
to the ESS level of the potential biome (𝑉𝑔𝑠𝑝𝑏)of that plot of land makes it possible to 

ascertain the social value of a biome(𝑉𝑠𝑝𝑏) . Grassland in a biome of rainforest now shows a 

high social price and, consequently, of the beef produced on that land. The evolutionary 
value (EV) is taken into account for land-use change, where the EV, representing the value 
of an existing biome, can have exstreme high values  for an ancient tropical rainforest. In the 
EV calculations, all former ESS produced by that biome can be considered to be reinvested 
in the biome, which increases its capital. The complex valuation of ecosystems has now been 
reduced to a simple approach, with the number of years necessary for applying the EV 
forming part of the discussion. The missed annual returns 𝑅𝑚 are caused by the conversion 
itself, while the costs of conversion are added to the social costs. 
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𝑉𝑠𝑝𝑏 = {𝑉𝑔𝑠𝑝𝑏 +/−𝐸𝑉𝑏𝑥 −  𝑅𝑚 − 𝐶𝐶} 

The value of social potential biome is the gross social value of the potential biome plus or 
minus the evolution value of the existing biome, minus the missed annual return of 
conversion and, finally, minus the conversion costs. The social value (BPP) of a biome is 
divided by the market value. 

𝐵𝑃𝐼 =  
𝐵𝑃𝑃 

𝑀𝑃
 

The Best Practice index (BPI) is the ratio of the BPP (social costs) to the market price. 

The index shows how far a sustainable use of land is from the current use of land; if this is 1, 
the land use is sustainable. The model was tested using four examples. The number of years 
needed for applying the EV determines whether an existing biome has an exstreme high 
value .  In the case of an ancient rainforest, with millions of years of production, this would 
block any clearing due to its infinite value. Where cropland is given back to nature, as in the 
Hedwig Polder in the Netherlands, the EV applies to 100 years of cropland; the missed return 
due to conversion and its costs do not outweigh the increased return of ESS from the estuary. 

 Labour 

Labour includes working conditions and labour rights. Working conditions encompass 
wages, working hours and job safety. Labour rights include freedom of association, non-
discrimination, and the elimination of forced and child labour. A lower than sustainable 
income level will create externalities, while an income above this level will cause 
overconsumption and create externalities by depletion of resources and the use of energy. 
A high income is not a guarantee for satisfaction when earned after an excessive number of 
working hours. Also, high income provokes an expenditure cascade, which causes failure of 
the utility. The level can be determined based on the method used by the poverty line. The 
different costs of living within a country require region-specific sustainable income levels. 
Working hours should not exceed 48 hours per week so as to balance work and family life. 
Excessive working hours provoke consumption patterns with high externalities. Many 
countries have signed ILO conventions or UN resolutions. However, compliance to 
international labour standards in practice is not guaranteed due to inadequate national 
regulatory systems. Labour rights are quantified in a Fair Labour Scorecard, but research is 
needed to monetize these values. The sustainable income for Best Practice Price is the 
average national income corrected for the region. Wages lower or higher than this level 
provoke externalities due to under- or over-consumption. The Best Practice Price of labour 
is the paid wages plus the difference between the paid wages and the sustainable income. In 
an example below and in example, 4.5 of chapter 4 it is made clear that the wage balance in 
a supply chain can be out of balance due to either low or high wages. Finally, the absolute 
wages reflect the level of consumption. High wage countries provoke more consumption 
than low wage countries. 
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 Natural resources 

The market is not able to foresee exhaustion in the long term, so reacts too late, causing 
externalities due to the increasing costs so as to avoid exhaustion. Important here is the 
balance between investment and scarcity at a social marginal cost level of natural resources. 
Best Practice Price (BPP) represents these social marginal costs. Three dimensions 
determine the height of the BPP: the limits in the geosphere, the height of the investments 
and the desired rate of depletion. The dimensions determine whether the use of a resource 
causes externalities. Resources belong to different categories ‒ renewable, limited, 
recyclable or substitutable ‒, depending on the resource, with each category requiring a 
specific model of calculation. Three models are suggested for calculating the BPP: the 
compensation model, the price elasticity model and the recycling model. Data on existing 
resources and the prediction of future consumption bring uncertainty, which might 
influence the absolute outcome of BPP; however, the relative height of BPP of different 
products still serves to compare products with practices. It also serves as a guideline for 
producers and consumers to make sound decisions. The access and use of natural resources 
occur nowadays in a competitive environment. Since the scarcity of some resources can lead 
to conflicts in the near future, stakeholders need tools to manage the sustainable use of 
natural resources. The locality-specific, dynamic relationships among quality, quantity and 
access are important to understanding sustainable use and avoiding externalities. As part of 
the Best Practice Price sustainability metrics, I restricted my research to the externality of 
resource exhaustion, focusing on existing resources, with the aim of finding a sustainable 
use, a best practice. The best practice of use depends on the desired minimum threshold 
quantity, the category of the resource and desired demand. For some natural resources, it is 
not the stock but the quality (water, air) or the concentration (pollution) that is at issue. 

 Capital 

For the factor capital, the financial institutes and control of independent institutes on the 
risk of complex financial products all play important roles. However, the information 
available and the independency of auditors are questioned. Transparency of banking and 
independent auditing are two main factors that avoid financial instability. During a period 
of financial instability, less attention is paid to social or environmental aspects. 

 Water 

Water is a nondepletable resource. However, an increasing percentage of our population is 
living under chronic water shortages, mainly due the increased world population and 
climate change. With the help of well identified parameters, an input–output model can 
provide a base for a sustainable distribution of water in a region. The price elasticity for each 
consumption sector can be used to calculate the BPP. 
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 Processes 

Production processes also cause externalities. Estimating the damage they provoke is not 
easy. The BPP makes use of prevention costs, which are the costs of the best practice, like a 
filtering system, high resource efficiency or lower emissions. These processes perform 
better but are usually not economically viable. The price of these processes is the BPP. Any 
innovation will lower the performance of existing processes and make BPP a dynamic 
metric. 

 Waste 

Waste in kilos per person per day is increasing beyond our ability to handle it. Through 
taxes, legislation, tradeable permits and so-called recycling insurance, we can mitigate the 
amount of waste. The option of recycling insurance is suitable to integrate in BPP by adding 
the insurance premium to the private costs. 

 Durability 

The durability of a product seems important, though an optimal durability is preferred to a 
maximum durability. We can calculate the optimal durability with the same methods as used 
for the environmental assessment of durability of energy-using products. Once the optimal 
durability has been determined for a specific type of product, the costs of a warranty ‒ 
provided by the company/insurance company ‒ up to this period represents the BPP. 

 Emissions 

Emissions constitute most of all the externalities. Since the Ecocost concept is based on 
prevention costs and has an approach similar to BPP, Ecocost can be used to calculate the 
BPP of emissions. 

 Other Factors 

Many other aspects linked to production and consumption are missing, but these, and more, 
will appear when BPP is calculated. First, a selection of most important issues will be used 
in the BPP, which can then gradually be extended. 

 Determining the best practices 

The decision-making infrastructure (DMI) plays an important role in tackling the great 
variety of issues and for involving stakeholders. Stakeholder and community involvement is 
crucial for the acceptance of the outcome of BPP. Subjective choices have to be made before 
one can calculate the BPP. The DMI handles this subjectivity in a scientific way to find 
outcomes that are ‘as near as possible-to-truths’. By implementation of BPP, the market can 
become near to perfect due to the internalization of externalities, to provide a value to all 
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goods and give actors access to the information concerning social costs. BPP can be a tool to 
inform market actors so they can make sound decisions. Its approach is such that companies 
will provide the BPP alongside their cost price. At any level in the supply chain, producers 
become aware of the sustainability performance of their products. For consumers, the BPI 
is a guide for their personal purchase patron. Public entities can set goals by the BPI. The 
BPP has a triple bottom line approach, which can be used by producers, policy and 
consumers. Expressed as a monetary unit, it accompanies the whole supply chain and is 
calculated just as the cost price is. It allows comparison of different products and handles 
subjectivity in a scientific way. 

 

 Limitations 

Much research is still necessary before BPP becomes reality. First, goals have to be set by 
stakeholders, who will require constructing a decision and information structure to deal 
with the subjective aspects .Science has to construct models for basic production factors and 
processes. All this will provoke considerable discussion and opposing view and goals. We 
know, however, that no alternative measurements are yet at hand with the characteristics 
mentioned above. The BPP is simply a tool. The goals set by the decision infrastructure will 
always be under the attack of critics. The art here is to fine-tune the ‘goal setting device’ to 
satisfy the stakeholders. 

 Land uses 

The BPP land-use model is far from complete; however, it has provided the base for further 
research. The calculation procedure was based on the current and regional market price of 
land. These prices are assumed to be the NPV of future ESS, but the validity of this 
assumption should be checked. The annual ESS for each biome, expressed in a monetary unit 
(Costanza et al., 2014) (Costanza et al., 1997), has provided the base for the calculation of 
social costs. The annual returns of ESS of cropland are set at 1 and serve as the benchmark 
for all biomes. The ratio between the biomes is called the Costanza Ratio (CR). This CR has 
a spread of a multiple of 63.27 compared to the base of cropland. Overall, the measurement 
of land value is fraught with subjectivity. The aim is to approach the value in a scientific way, 
with the research of Costanza offering, for the moment, the most concrete valuation. The 
model for calculating the social value of land is aimed at emphasizing the differences 
between land use and consequences of land-use change. The outcomes will never reflect the 
absolute true value, but the model can be seen as a decision-making tool. The model needs 
a global grid of potential biomes that should be based on environmental, social/cultural and 
economic parameters in order to define the potential biome. The NPV does not meet up to 
decisions that lead to an irreversible loss of value. NPV is based on marginal returns, which 
might increase considerably along the number of units changed, e.g. the number of hectare 
of rainforest cleared. The precautionary principle applies to the problem of irreversible 
changes; however, this principle does not give us a tool for quantification. For this reason, 
the Evolutionary Value (EV) was introduced, not with the goal of  determining the exact 
values, but of functioning as a tool within the decision-making process to deal with 
irreversibility and losses caused by change of land use. The social value of land use can be a 
guide for policy and form a base for creating a global fund to compensate countries (mostly 
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developing). Furthermore, it can be used to avoid land-use changes in the direction of land 
use that is only more profitable when it comes to private revenues. The examples illustrate 
how we can calculate the costs of land use. However, much research is needed to fine-tune 
the model. The number of years used for the Evolutionary Values offers the possibility of 
excluding the use of certain land for other purposes due to the infinite value. But how to deal 
with infinite values? The use of discount rate has to be investigated and the use of EV needs 
further discussion in order to solve problems concerning irreversible decisions. To develop 
maximum returns for each biome, we will have to standardize the number of years. 

 Labour 

The social costs of labour in the BPP approach are the sum of labour costs plus the ‘virtual 
distance’ of the income to the average income in the region. There is a correction for working 
hours up to 48 hours per week. The absolute level of income has a positive relation to 
consumption. Consumption provokes the use of resources. In the model, I included a 
correction for the social costs of consumption. Other working conditions can be included in 
addition to wages. The employees’ satisfaction and health risks can be measured by a proxy 
like percentage sick leave or retirement age within the firm. The Fair Labour Score Card 
could be an option for labour rights. Other proxies can serve some of the labour rights like 
gender discrimination. Child labour and slavery are still included by the too low wages of 
labour; however, they are not banned by this method. Another vital issue ‒ on 
macroeconomic level ‒ is the right to work. 

 Natural resources 

The BPP of natural resources focussed on exhaustion depends on the available data and 
future projections. The argument that the market can take care of exhaustion holds true for 
the short time span. Global sustainable management of resources requires an intertemporal 
and intergenerational time span. At present, this is not the case, which results in a late 
reaction of the market to exhaustion and, in turn, raises the costs for solutions. Early 
investments can bend the rate of depletion. Still, investments are no guarantee for success. 
We cannot buy solutions. Uncertainty, which is inherent in planning, needs to be handled in 
a scientific and transparent way. Data and predictions of use bring uncertainties that will 
influence the height of BPP. The height of social costs found by the BPP model may not at all 
correspond with the externalities caused by scarcity. The BPP approach merely compares 
the costs of the best practice to avoid depletion. One may argue whether this approach is the 
best one, but to date, it has been very difficult to quantify the social costs of exhaustion. 

 Other factors 

Although all factors are important, a selection was made in line with the scope of this 
research. Many more topics will emerge when the BPP is actually being calculated. To handle 
the great variety of topics, at different stages of production and consumption ‒ regional or 
global, in the short or long term ‒ it is of utmost importance to have a DMI. Only then, can 
the information, opinions, cultural and geographic differences of stakeholders be handled 
and bridged. The outcome of such a ‘scientifically handled subjectivity’ will still not 
represent the truth but be the ‘as near as possible practical’ truth that gives us a means to 
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measure sustainability. BPP makes use of several tools to compare and value different 
practices to determine the social cost, although these costs might not represent the absolute 
values of social costs, BPP seeks its relative value, which can help us make sound decisions. 
Companies, eager to produce sound products, can apply the BPP and the BPI to obtain a price 
level encouraging more investments to find alternative solutions. The art of a successful 
introduction might lie in a profound scientific base and transparent interactive modelling 
with stakeholders. 

 Recommendations 

The models presented in this research serve to show the viability of measuring 
sustainability in a triple-bottom-line approach, expressed in a monetary unit available 
throughout the creation up to the disposal of a product, and comprehensible for producers 
and consumers. However, this research represents only a first draft and will serve solely as 
a base for further research to provoke discussion and to encourage the next steps. For each 
factor discussed, scientific research has to fine-tune suggested models and/or find new 
models. For land use, research is necessary to ascertain the social costs of methods of 
conversion. The slash and burn rainforest clearing methods forms an example of great social 
impact that needs calculation. Once the model is fine-tuned, a database has to be filled with 
the biome-grid data and the Costanza ratios, so that companies can consult this information 
and calculate the social costs of land use into their production process to find the BPP and 
BPI. The Evolutionary Value is an unorthodox tool for irreversible decisions, which needs 
and deserves discussion. Labour involves many social issues which need to be measured. 
More research has to be done to find the right databases, norms and proxies to link to the 
model and to prove the suitability of linear calculations. Also, the models need fine-tuning 
for natural resources, and the data have to be validated. The global Ultimately Recoverable 
Resources (URR) data differ, depending on the source. Current social, environmental and 
economic indicators can be used to find best practices. Even with data and good models, 
many goals still have to be set. Therefore, the design of the Decision Making Infrastructure 
(DMI) as a way to handle subjectivity in a scientific way will require attention. Only goals 
that represent the opinions of stakeholders can lead to acceptance of the outcome of BPP. 
The weighting should be done by independent experts with global credibility as 
stakeholders. Attention has to be paid to standardization of methods and models based on 
solid definitions. Validation of the outcome should be done by third party auditing. It is, 
indeed, of utmost importance to maintain the BPP approach in all the different models to  
uphold the principle of BPP, to determine the price of the socially desired practice, and to 
achieve the Best Practice Price. 
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Appendix 1 Discussion of a group of ecologists and economists 

Discussion of a group of ecologists and economists (Arrow et al., 2007)  

 

‘During the 20th century, the world population grew by a factor of four to more than six 
billion, and industrial output increased by a factor of 40. Per capita consumption in 
industrialized nations today is far higher than it was 100 years ago, and some would even 
argue that this is irresponsible in the light of its implications for resource demands. In the 
last 100 years, energy use has increased by a factor of 16, annual fish harvesting by a 
multiple of 35 and carbon and sulphur dioxide emissions by a factor of 10. The application 
of nitrogen to the terrestrial environment from human use of fertilizers, fossil fuels and 
leguminous crops is now at least as great as that from all natural sources combined (McNeill, 
2000). If we look at specific resources and services, such as fresh water, the atmosphere as 
a carbon sink, and a wide variety of ecosystem services’ evidence suggests that continuing 
growth in their utilization rates is unsustainable (Vitousek, Ehrlich, Ehrlich, & Matson, 1986) 
in (Arrow et al., 2007). On the other hand, it may be claimed that, just as earlier generations 
invested in capital goods, and research and education, to give current generations the 
opportunity to achieve high levels of consumption, current generations are making the 
investments necessary to assure higher real living standards, despite stresses on the natural 
resource base. “Indeed, historical trends in the prices of marketed natural resources and the 
recorded growth in conventional indices of economic progress in current rich countries 
suggest that scarcities in resources have not bitten as yet”(Johnson, 2000) in (Arrow et al., 
2007) This optimistic viewpoint emphasises the potential of capital accumulation in the 
form of increased manufactured and human capital, as well as technological change, to 
compensate for the diminishing natural resources.’ 
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Appendix 2 Discussion on consumption and its environmental impact 

Discussion on consumption and its environmental impact (York et al. 2002) 

 

‘During 1997 the 265 million people of the USA will have contributed around 1.4 billion t of 
carbon to the build-up of carbon dioxide in the global atmosphere (carbon dioxide being the 
gas that generates half of global warming). The USA’s contribution is one fifth more than 
that of China’s 1.2 billion people. The population growth in the USA causes twice as many 
carbon emissions as population growth in Africa with its 732 million people. All nations will 
be affected by global warming, whether they are major or minor sources of carbon dioxide. 
Industrialized-nation citizens as a whole, generate three-quarters of other wide-ranging 
pollutants and also toxic chemicals and hazardous wastes. Much the same applies to 
depletion of the world’s non-renewable natural resources (Goodland et al., 1992; Ehrlich 
and Ehrlich, 1996; Redclift, 1996; Goodwin et al., 1997; Myers, (In press)). Thus, the 
environment–development problem comprises not only sheer numbers of people, but also 
the way people live and, hence, the amounts and kinds of resources which they consume, 
whether directly or indirectly (plus the pollution and waste they generate). Consumption is 
more than total spending on consumer goods, just as it is more than “consumerism” or the 
excessive use of goods and services to satisfy needs that could be met in alternative ways 
involving less environmental impact (Dietz, 1995).  

 

environmentally important to the extent that it makes materials or energy less available for 
future use, and ... through its effects on biophysical systems, threatens human health, 
welfare, or other things people v+alue” (Stern, 1996). This definition embraces both goods 
and services and organisations (producers and distributors) as well as individuals. It 
excludes non-material consumption such as the purchase of information or Internet time. It 
includes investments and services with environmental impacts (Dietz and Rosa, 1994; 
Crocker, 1995; Stern, 1996). This does not mean that the related question of population is 
any less pivotal. China’s 1.2 billion people have been consuming commercial energy, largely 
fossil fuels (particular coal), at a per capita rate of only approximately 10% that of the USA, 
but China is expanding its aggregate coal consumption by 10% per year.’ 

 

 


