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Abstract 
In the below-given paper, a holistic, multidisciplinary approach of goods 
consumption, the economics of recycling and recovery is unfolding, concisely 
structured, until 2013. The analysis was focused, in brief, on some economic 
models addressed to environmental issues, tax policies, welfare, waste man-
agement, and specifically on recycling and reuse economic modelling. Recycle 
is an established practice in many countries, while reuse is still under devel-
opment. Reuse in many aspects is a more desirable option, as far as waste 
management concerns, and EU legislation seems to encourage this practice. 
Many industries, especially in the technology section, have developed recycle 
and reuse programs in order to gain an advantage, while some of them have 
set a target of zero waste in their production process. 
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1. Introduction 

Economic activities of mankind were always fast bound to environmental im-
pacts. In the course of history, resources were overexploited and transformed 
into energy, numerous consumption goods and various commodities. Raw ma-
terials under certain circumstances e.g. war campaigns, were faced with deple-
tion, for instance (timber/mining ore exploitation) etc. and transformed into 
economic goods. In this perpetual process of transformation, the gradual envi-
ronmental degradation seems to be inevitable. 

2. Environment and Economics 
2.1. An Economic Approach to the Environment 

Environmental problems resulted from the constant economic activity are, in 
general, extremely complex and varied. Scorse (2010) [1] identifies three severe 
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sources that cause these problems i.e.: 
 The market failure. The price of a product fails to reflect the true production 

cost. The environmental impact of a unit to be produced is not included in 
the production cost so as to pass to the final consumers/buyers. As a result, 
the whole production chain causes “externalities”. Beyond externalities there 
is a lack of information about good products and services and incomplete 
and/or nontransparent distribution of property rights. 

 The tragedy of the commons. 
 The under-provisioning of public goods. 

It’s worthwhile having a deeper introspect of the first cause. Thus, in order to 
overcome the pre-described market failure, there must be a proper evaluation of 
the environment. This entails proper assessment of negative externalities due to 
all human activities which undermine the natural capital and natural benefits 
delivered to humankind. As such, are ecosystem services; the provision of clean 
air, water, food, fibers, soil fertility, species diversity, soft climate and natural 
habitats; crop pollination; carbon sequestration; and decomposition of wastes. In 
this direction, cost-benefit analysis (CBA) could be an indispensable tool for de-
cision making and policy design [2].  

Over time, as environmental policies are becoming even more complex and 
challenging (e.g. global warming, biodiversity reduction, health impacts due to 
water and air pollution), more and more countries are introducing legal provi-
sions requiring impact and cost-benefit assessments through their major poli-
cies’ implementation and regulations [2]. 

Besides CBA, various other environmental evaluation techniques have been 
emerged over the years, mostly as alternative appraisal methods. However, CBA 
is considered to be the most comprehensive procedure among the following 
listed: 
 Environmental Impact Assessment (EIA) or Environmental Assessment 

(EA). 
 Strategic Environmental Assessment (SEA). 
 Life Cycle Analysis (LCA). 
 Risk Assessment (RA). 
 Comparative Risk assessment (CRA). 
 Risk-Benefit Analysis (RBA). 
 Risk-Risk Analysis (RRA). 
 Health-Health Analysis (HHA) 
 Cost-Effectiveness Analysis (CEA). 
 Multi-Criteria Analysis (MCA). 

2.2. Tax Policies to Address Environmental Problems 

Economists have developed certain policy options for addressing environmental 
problems. There are two main market-based instruments as “regulators” for re-
ducing greenhouse gases (GHG) emissions; 1) the cap-and-trade system and 2) 
the GHG (carbon) tax. 
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Cap-and-trade was introduced to the industrial market as an innovative policy 
at that time, to provide economic motives for achieving GHG emission reduc-
tion [3].  

The definition given from Stavins (2003) for the afore-mentioned approach is 
the following presented [4]: 

“Under a tradable permit system, an allowable overall level of pollution is es-
tablished and allocated among firms in the form of permits. Firms that keep 
their emission levels below their allotted level may sell their surplus permits to 
other firms or use them to offset excess emissions in other parts of their facili-
ties.” 

A tax imposed on greenhouse gases (GHGs) is a “Pigovian tax” that can be 
used to achieve a cost-effective reduction in GHG as a whole and not particu-
larly upon CO2 emissions. Similarly, GHG taxes use the power of market price 
trends to encourage GHG emission reduction from a variety of production 
source. 

According to Scorce (2010), these policies are not controversial at first glance, 
in terms of theoretical standpoint; Problems emerge upon implementation and 
surely in the details to start running properly. Both, GHGs taxes and cap- 
and-trade system are subjected to political compromises which could seriously 
undermine the effectiveness of the outcome [1]. 

2.3. Welfare and Environment 

Undoubtedly, industrial progress incurs environmental degradation which is 
considered to be unavoidable. The question though that arises is stated as “how 
much is the impact of environmental damage to well-being”. To answer this 
question in a persuasive manner, economists [5] introduced the Measure of 
Economic Welfare (MEW). 

MEW takes GDP as a starting point and is adjusted to the value of leisure time 
and the amount of unpaid work (positive impact), as well as the value of the en-
vironmental damage caused by industrial production and consumption (nega-
tive impact). Daly and Cobb (1989) developed a broader macroeconomic index 
based on MEW [6] i.e. the Index of Sustainable Economic Welfare (ISEW), to 
overcome, e.g. values of household labor that GNP excludes it, which spans 
economic, social and environmental dimensions. ISEW adjusted national ac-
counting practices to encompass a broader set of welfare determinants, which 
include deductions for military spending, environmental degradation and de-
preciation in natural capital. Computation of an ISEW usually starts from the 
value of personal consumption expenditures which is a sub-component of GDP. 
A characteristic example was presented by a U.S. study [7]. According to them, 
weighted personal consumption expenditures were taken into account in which 
were added household labor estimates. Furthermore, net private investment was 
added and the placement of U.S. net international investment position. Many of 
expenditures regarding health, education and defense were subtracted, as well as 
estimates of commuting, car accidents, water & air environmental degradation, 
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noise pollution, loss of wetlands and farmlands, non-renewable resources deple-
tion and long-term environmental damages due to greenhouse CO2 emissions. 
The ISEW is simply the sum of the weighted personal consumption expenditures 
incorporating all the mentioned corrections [8]. 

2.4. Waste Management 

Significant concerns over the environmental impact of waste have emerged in 
recent decades. Managing waste has a wide range of potential environmental 
impacts. These impacts depend upon the amount and composition of waste 
streams as well as on the methods adopted for treating them (landfilling, incin-
eration etc.). Improper waste management in numerous cases incurs soil and 
groundwater contamination, threatening the natural ecosystems and the health 
of the exposed population [9]. 

Other problems related to the waste management are the existing disposal fa-
cilities, which are at the end of their operational design and cannot be expanded 
further-reaching saturation. The determination and establishment of new land-
fill locations or even incineration plants are intercepted by the local protest 
movements due to the widespread belief of the local communities, in many parts 
of Europe, that the negative impact of such an establishment will surely affect 
the environment and the health of the dwellers at a close distance. The increased 
movement of waste, both within and outside the EU, needs to be carefully 
monitored for the risk posed to human health and to the environment by some 
waste stream shipments [10]. 

Two major “green” waste management options that seem to be the only viable 
and sustainable solutions, in terms of energy saving, and environmental friend-
liness is the “recycling” and the “reuse”. Reuse differs from recycling in the fact 
that there’s no need to change the physical properties of the material. Conse-
quently, reuse is more energy efficient in contrast with recycling. 

A survey undertaken by the Chartered Institution of Wastes Management 
[11], revealed that waste prevention and reuse strategies are considered to be the 
number one issue to address for professionals in the Waste Management Indus-
try. According to CIWM, people’s behavior is critical to achieve waste preven-
tion, as the concepts of prevention and reuse are less tangible and more difficult 
to grasp and adopt, compared to recycling or composting activities. 

3. Recycling 
3.1. Economic Approaches on Recycle 

Recycling is a process, where used, discarded materials (waste) are transformed 
into new products in order to achieve the reduction of raw materials consump-
tion, energy usage and air/water pollution (avoiding incineration or landfilling). 
According to the U.S. Environmental Protection Agency (EPA), “Recycling (in-
cluding composting) is the preferred waste management option to further re-
duce potential risks to human health and the environment, divert waste from 
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landfills and combustors, conserve energy, and slow the depletion of nonrenew-
able natural resources”. 

Recycled content is defined by ISO 14021 (International Organization of 
Standardization). It is the … proportion, by mass, of recycled material in a 
product or packaging … Thereof, only pre-consumer and post-consumer mate-
rials shall be considered as recycled content, consistent with the following usage 
of the term [12].  

Pre-consumer material is considered to be the material diverted from the 
waste stream during a manufacturing process. Excluded is the reutilization of 
materials such as rework, regrind or scrap generated in a process and capable of 
being reclaimed within the same process that generated it. 

Post-consumer material regards the material generated by households or by 
commercial, industrial or even institutional facilities in their role as end-users of 
the product. That material can no longer be used for its intended purpose 

Several articles modeled the economics of recycling from different stakehold-
ers’ standpoint, however, there are still a lot of issues to be settled until a con-
sensus to be achieved among them [13]. By examining all the feasible optimal 
solutions under certain constraints, such as the quality demand and some other 
criteria such as the environmental impact, a consensus statement or collabora-
tive decision making, among stakeholders could be reached.  

A general model for evaluating the economic and environmental performance 
of electronics recycling systems is developed [14]. This model comprehends the 
three main functions in a recycling system-collection, processing, and system 
management and aims to enable quantification of the impact of the activity and 
penetrate to the system structure of electronics’ recycling systems performance. 
Different modeling techniques are used ad hoc, including process-based cost 
models, to evaluate the economic performance, and life cycle assessment tools, 
to evaluate the environmental performance. 

Various models incorporate different techniques, including logistics models to 
evaluate collection procedure, end-of-life treatment models to evaluate product 
route processing, even process-based cost models to evaluate collection and 
processing economics. All the above methods can be used to evaluate the eco-
nomic performance of a recycling system, whereas other methods, such as life 
cycle assessment (LCA), can be used to evaluate the environmental impact per-
formance.  

Integrated Sustainable Waste Management (ISWM) allows studies of complex 
and multi-dimensional systems in an integral way [15]. The model was devel-
oped at the beginning by waste consultants of urban environment and develop-
ment and partners or organizations working in developing countries in the 
mid-1980s. It was further developed by the Collaborative Working Group (CWG) 
on solid waste management in the mid 1990s. 

The model acknowledges the importance of three-dimensional analysis and 
developing or changing the waste management system. The defined dimensions 
are:  
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1) The stakeholders that have an interest in solid waste management;  
2) The elements or stages of the movement or flow of materials from the gen-

eration points towards treatment and; 
3) Final disposal and the aspects of “lenses” through which the system is ana-

lyzed. 

3.2. Benefits and Costs of Recycling 

In order to form a complete perspective of the benefits and costs of recycling, a 
cost-benefit analysis was demonstrated in a schematic drawing. The benefits are 
estimated as landfill savings (landfill operational cost), externalities and the 
saved costs of collection for disposal (Figure 1).  

Costs of recycling are estimated from the costs of collection and sorting, mi-
nus the value of material in end-use markets. 

It has traditionally been argued that recycling municipal solid waste (MSW) is 
not economically viable & recycling processing is not worthwhile from a social 
point of view [16], unless externalities, long-term dynamic considerations and 
the entire product life cycle are taken into account. 

It was pointed out that by exploiting merely a waste percentage of 51% of the 
municipalities, it would be efficient to adopt recycling as a cost-efficient strategy, 
even without accounting for externality costs. Recycling of municipalities’ wastes 
incurs cost reduction by an average of 11% [17]. 

3.3. Future Prospects of Recycling 

According to the EU report regarding the Thematic Strategy on the Prevention 
and Recycling of Waste, some interesting predictions and future guidelines of 
recycling were announced. The ever-growing population combined with strong-
er emerging economies lead to a total consumption increment which will in-
crease the pressure on all resource uses in particular, related to biotic materials, 
minerals and metals, affecting the environment and health impact. Thereof the 
demand for raw materials in the EU will continue to grow, and given the EU 
dependence on the importation of many raw materials, the role of recycling will 
become even more important [3]. 

REACH Regulation [18] already contributed to reducing hazardous waste 
generation aiming at a higher percentage of biowaste diversion from landfilling 
offering new energy content exploitation alternatives for composting and gas 
production. 

On top of the expected effects as an outcome of e.g. Landfill Directive imple-
mentation [19], prevention strategies and upgraded recycling systems could lead 
to additional significant benefits. Full implementation of EU waste legislation 
and increased prevention and recycling could lead to additional GHG emission 
reduction corresponding to a significant part of the European climate reduction 
targets. Recycling will continue to offer economic opportunities whilst contri-
buting to the resource efficiency of the EU economy, apart from the expected 
new job openings in the waste recycling sector.  
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Figure 1. Components of the recycling analysis. 

 
Compliance with EU targets on collection, recycling and landfill diversion will 

remain high priority and some Member States will have to make strenuous ef-
forts to meet EU targets. 

3.4. Current Economic Development and Recycling 

Economic development is a key driver of environmental degradation, as the 
treadmill of production theory [20]. Affluent countries, regardless of their cur-
rent state of higher development, are not developing as fast as the less affluent 
nations. Global researchers suggest that more affluent nations are being able to 
externalize part of the degradation caused by consumption and production to 
less affluent countries. Although degradation is of levelled importance in all 
countries, affluent nations experienced the same growth rates in degradation as 
less affluent countries. It seems that GDP growth positively affects individu-
al-level environmental concerns [20]. 

Cities, as engines of economic growth and social development, require large 
quantities of natural resources to meet their inhabitants’ economic and social 
needs [21]. Good infrastructure and reliable service provision are key elements 
to reach sustained cities’ development. In this regard, investment opportunities 
and service access to vulnerable populations are being enhanced. 

In response to the lack of sanitation infrastructure, many governments, de-
velopment agencies and Non-Governmental Organizations (NGOs), usually im-
plement programmes to provide latrines to poor and vulnerable populations. 
These programmes often do not link infrastructure provision with its necessary 
management requirements. As a result, the majority of “latrine-based” cities do 
not have a reliable solution for emptying latrines, and for faecal sludge and 
wastewater transportation and treatment. Once these infrastructures are availa-
ble, they are disconnected from business opportunities that use resources such as 
water, nutrients or biosolids for their productive activities. This lingering failure 
in sanitation is putting a huge financial burden on municipalities that have to 
rely on permanent subsidies to operate and maintain infrastructures. The recent 
WHO guidelines on the safe use of wastewater, excreta and greywater [22], allow 
reuse alternatives besides agricultural irrigation. Therefore, we’re leading to a 
new paradigm which is urban sanitation management needs linkage with cities’ 
economic development agenda. 
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Since 1990s, waste recycling became a basic element of the sustainable devel-
opment. However, recycling flow modeling analysis shows that is inefficient to 
perform the necessary “decoupling” of economic development and the depletion 
of non-renewable raw materials [23]. Natural resource depletion of raw material 
is inevitable when global consumption grows by more than 1% per annum. Re-
cycling could slow down the tendency for some years or decades at best. De-
coupling the economy and its material needs must be perceived as a double de-
coupling, the two components of which have to be inoperative if they are im-
plemented separately. Only the combination of the two makes a significant im-
pact on the problem of resources: 1) A fundamental decoupling, namely to re-
strain the growth of total consumption of raw material (virgin or recycled) 2) A 
relative decoupling to reduce, through recycling and reuse, the share of primary 
resources (virgin) in the total production of raw material. 

In this perspective, the actual role of recycling to protect the resources is not 
significant for non-renewable materials which consumption tends to grow more 
than 1% per year [23]. Conversely, once the fundamental decoupling is per-
formed by other means, so that the growth of total consumption of raw materials 
is reduced below 1% per year, recycling becomes indispensable if the rate of ef-
fectiveness is very high globally. Only recycling rates above 80% lead to a signif-
icant slowdown of natural resources depletion. 

In conclusion, sustainable development policies cannot rely primarily on re-
cycling, even though it is an important component. These policies should pri-
marily aim at reducing the consumption of each non-renewable raw material so 
that the annual growth rate remains under 1%. And in any case, to be efficient as 
the indispensable second part of these policies, recycling should be developed to 
much higher rates than the ones observed for most recycled materials in the 
world today. 

3.5. Recycling in Industries 

Recycling brings in the foreground mainly short-lasting consumer goods from 
households [24]. Industries, however, due to increasing prices of raw materials 
are laid great emphasis on overall operational costs and are oriented even more 
towards sustainability practices during the recent decades. As a result of sus-
tainable “green policies” large quantities of different origin “wastes” are reused 
as secondary raw materials in their production processes.  

Driving forces for recycling are, for instance, the high purchase value of noble 
metals like gold and platinum with manifold appliances in modern industry, the 
scarcity of certain technologically important elements like tungsten and rare 
earth, the energy saving in production processes like those for aluminum, steel, 
glass and paper and the avoidance of unsustainable impacts to the environment 
such as the utilization of coal ash in cement industry and re-integration of de-
molition waste. In all cases, energy use and secondary material production are 
closely coupled, even when, in cases like gold recovery, the amount and cost of 
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energy used are economically not the most important target [25] [26]. 
There are numerous industrial recycling processing routes, which are already 

in full swing in building and minerals industries, in pulp and paper processing 
and in many non-ferrous metallurgical industries [27]. Industries of plastics and 
glass processing are also in high demand of recycling, so are wooden pallets in-
dustries. Consequently, all manufacturing industries, such as automotive indus-
tries, are affected.  

3.6. International Trade and Recycling 

The international trade of waste products is remarkable and has grown even 
more in the past decade. Already in the distant 2007, were traded globally more 
than 191 million tons of waste [28].  

Domestic wastes and Domestic economy are defined and considered to be in-
terrelated through three potential dealing alternatives. 1) recycling; 2) exporta-
tion to other countries; 3) disposal. Recycled material is redirected back to the 
Domestic Economy to be reprocessed or to be consumed. However, few waste 
products are 100% recyclable. Some waste currents, inevitably end up back in the 
domestic waste stream either to be recycled once more (possibly for different 
recyclable components), to be exported or disposed-off domestically.  

In most countries, waste domestically disposal, involves a combination of 
landfill or incineration. Nonetheless, countries with lax environmental regula-
tions turn a blind eye to environmentally detrimental actions, such as direct 
waste disposal to the environment. Waste is exported for two possible reasons: 
to be recycled for materials in the foreign country-destination or to achieve 
energy recovery or even to be disposed of.  

The empirical approach to estimate the effect of environmental regulation 
differences on waste trade is based on the gravity model.  

3.7. Employment and Recycling 

Recycling nowadays appears to be functioning on industrial basis which reduces 
the waste disposal and thereof natural resource consumption and energy effi-
ciency improvement. As a result, it sustains an economic and business interest 
for entrepreneurs all over the world. The EU held a 50% world tonnage share of 
the waste and recycling industries. EU eco-industries sector gained a turnover of 
around 227 billion €, corresponding to 2.2% of EU GDP in 2007. This includes 
waste treatment (€52 billion) and recycling (€24 billion, over 500,000 jobs). The 
recycling sector is made up of over 60,000 companies; the profile of which is ca-
tegorized into the following percentages i.e. 3% large; 28% medium; 69% small 
[29]. 

4. Reuse 
4.1. Economic Approaches on Reuse (Recovery) 

The article 3 of the 2008 European Waste Framework Directive (2008/98/EC) 
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[30], defines reuse as “any operation by which products or components that are 
not waste are used again for the same purpose for which they were conceived 
(i.e. dealing with waste prevention)”. There is also the concept of preparing for 
reuse, which is “checking, cleaning or repairing recovery operations, by which 
products or components of products that have become waste are prepared so 
that they can be re-used without any other pre-processing”. 

The EU’s current waste policy is based on the “waste hierarchy”. Reuse (upper 
pyramid level), is a much more desirable option than recycle (lower pyramid 
level). Reuse differs from Recycle in the sense that there is no need in changing 
the physical properties of the material. Consequently, reuse is energy effective in 
contrast with the recycle [31]. 

For the past four decades, economists have primarily investigated recycling. 
However, relatively a few studies have been published so far on the economics of 
reuse. In one of the most recent studies, a model of reuse was developed based 
on durable goods theory [32]. Given the fact that consumers vary in their valua-
tions for used goods, he points out that a waste amount is minimized when there 
is a second-hand market. When many consumers begin to reuse, welfare of 
consumers who do not buy used goods will be improved. 

Waste & Resources Action Programme [33], has developed a specific metho-
dology for quantifying the impacts of reusing products. The methodology is 
based on best practices in life cycle assessment and cost-benefit analysis [34], 
and also provides guidance on sourcing data for the model. The key characteris-
tics of the methodology include guidance on: 
• system boundaries; 
• product lifetimes and displacement effects of reuse; 
• allocation of environmental or economic impacts to different parts of the 

supply chain; 
• use of costs and prices; 
• job and labor costs. 

A comprehensive tool-supported model has been proposed [35], for estimat-
ing, predicting, and analyzing the costs of software reuse. Their premise lies in 
four decisions that arise in the practice of software reuse: 
• whether to introduce reuse in the practice of software development; 
• whether to initiate a domain analysis/domain engineering initiative; 
• whether to introduce reuse practices for a specific development project; 
• whether it is worthwhile to develop a specific component to serve a group of 

project teams. 
All these decisions can be quantified in economic terms, and modeled as in-

vestment decisions; consequently, their economic rationality can be quantified 
by traditional investment analysis functions. 

Reuse has some certain potential environmental and socio-economic advan-
tages: 
• It reduces the amount of waste. Thus, disposal needs (incrimination and 

landfilling) and relative costs are reduced, too. 
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• It reduces the amount of CO2 emissions. A case study of [36] revealed that 
T-shirt reusing in the UK saved 450.000 tones CO2 equivalents per year. 

• Over the period 1985-2000, computer lifespan (purchase to disposal) de-
creased steadily from a mean of 10.7 years in 1985 to 5.5 years in 2000 [37]. 
The average lifespan of contemporary electric and electronic appliances, keep 
decreasing over the years, so there is an increasing proportion of energy effi-
cient appliances which are discarded, often still in functioning order. 

• Reuse is labor intensive as it involves collection, sorting, testing, refurbish-
ment and reselling. Computer reuse creates 296 more jobs for every 10,000 
tons of material disposed of each year [38]. 

• There’s a noticeable part of consumers, who are positive about buying used 
products. According to a Flash Eurobarometer survey [39], almost 7 in 10 
(68%) EU citizens said that they were willing to buy certain items second- 
hand, such as furniture, electronic equipment or textiles. 

Disadvantages are also apparent: 
• Reuse often requires checking, cleaning and/or transport, actions that have 

both financial and environmental costs. 
• The philosophy of reusing a product must be embedded in the designing and 

manufacturing process [40]. On the same wavelength, the UK Government 
Sustainable Development Strategy [41], mentions that more than 80% of all 
product-related environmental impacts are determined by product design. 

• Reusable products need to be more durable and reliable than single-use 
products, as well as easy to upgrade. 

• Practical applications of reuse are not yet widely known. 

4.2. Benefits and Costs of Reuse 

The reuse of waste is primarily a very effective utilization of resources. Thus, it is 
possible to produce new products at a relatively low cost. On the other hand, 
reuse applications are limited because practical procedures are not yet widely 
known as mentioned above or practiced in many countries.  

A very promising implementation of reuse is in handling demolition waste. 
According to Eurostat [8], construction activity within EU has increased sub-
stantially in the past decade. The demolition and renovation of old buildings 
have led to an equivalent increase in construction and demolition waste. This 
kind of waste reaches approximately 33% of all waste generated in the EU and 
due to its composition (concrete, bricks, metals, excavated soil etc.), there is a 
significant potential to reuse and/or recycle. 

Applications of Recycled Aggregate Concrete (RAC) [42], were introduced, 
which were produced by crushing waste concrete. Small pieces of concrete can 
be used as gravel for new construction projects like pavements and highways, 
while larger pieces of crushed concrete, such as riprap, can be used in shoreline 
structures, seawalls for erosion control. 

As far as building materials concerns, the reuse of industrial sludge as pelle-
tized aggregate for concrete was proposed [43]. A copper slag recycling plant 
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generates 100 metric tons of slag per day, which usually ends up in landfills. The 
experimental results indicated that a complete replacement of conventional ag-
gregates with sintered sludge pellets for structural concrete is both technically 
and environmentally feasible. 

As far as the construction industry concerns, it is obvious that reuse could be 
an alternative source for raw material. It is not clear though, whether reuse is 
each case cost-efficient, nonetheless, it is important to bear in mind that reuse 
practices are still in progress. 

Greywater reuse in one more interesting application. The benefits of reusing 
city wastewater for agricultural purposes can far outweigh the costs involved and 
reduce overall demand for freshwater, according to a recent study [44]. The re-
searchers calculated that the total benefits to agriculture and a city of a reuse 
project in Spain outweighed the total costs by €9.5 million per year. 

Additionally, greywater reuse can reduce the investment in new water head-
works for water abstraction and treatment, distribution networks and new se-
werage investment by substituting treated wastewater for non-potable applica-
tions and thereby increasing the availability of potable water. Meeting growing 
demand for water resources, (especially in urban areas), may require the devel-
opment of additional large-scale water resources and associated infrastructure. 
By meeting some of this demand, through treated wastewater reuse and effi-
ciency improvement, additional infrastructure requirements and the resulting 
financial and environmental impacts can be reduced or, in some cases, elimi-
nated altogether [45]. 

4.3. Competitiveness and Reuse 

A correlation was noticed [46] between social/environmental performance and 
financial performance, which indicates potential business benefit. From a Cor-
porate Strategy Perspective suggested [47] that a corporation should not only be 
innovative, but also create distinctive value for the society. As a consequence, by 
practising strategic Corporate Social Responsibility, a company can be more 
competitive. Environmental concerns are a vital part of (CSR) and Corporate 
Sustainability (CS), and towards being “green”, many contemporary multinational 
companies have embraced 3R’s practices i.e. (Reduce-Reuse-Recycle). 

Technology, computer and peripherals industries often have reuse and recycle 
programs in order to recover and recycle or reuse used products. By reusing or 
recycling, companies try to produce waste-free products (zero waste to landfill) 
and reduce among others their carbon footprint. 

Within the framework of sustainable development, companies like Xerox aim 
in maximizing the end-of-life potential of products and components by consid-
ering reuse in the overall design process [48]. Machines are designed in such a 
way to be easier to be disassembled. Thereof they contain fewer parts that are 
easy to reuse or recycle. Parts are durable designed for multiple product life cy-
cles. As a result, reusing is applicable to 70% - 90% of machine components (by 
weight).  

https://doi.org/10.4236/nr.2021.124007


O. N. Kopsidas, S. D. V. Giakoumatos 
 

 

DOI: 10.4236/nr.2021.124007 85 Natural Resources 
 

In a manufacturing point of view, producing families of products has a posi-
tive effect on reusing, since a family of products shares common parts. Addi-
tionally, products whose designs are based on previous models may have 60% of 
their parts by weight in common with previous equipment. The practice of re-
using parts reduces the amount of raw material needed to manufacture new 
parts, which generates a significant amount in cost savings each year, in addition 
to energy savings. 

4.4. Hotelling Approach 
4.4.1. The Framework 
The problem that emerges involves the option to be adopted between e.g. quick 
biomass exploitation and biomass selling price. Monopolies, duopolies and per-
fect competition are all reflections of the market spectrum. This palette of mar-
ket functioning undertakes the responsibility for the quick exploitation of irrep-
laceable resources, such as biomass, thus great concern has been grown of the 
upcoming dilemma, whether to control or not all market variations. 

At first glance, it seems that biomass exploitation can never be too slow for the 
public good. Undoubtedly, for every proposed rate of biomass production there 
will be the upper limit to the ultimate exhaustion. 

Considering that the total supply is not to be reserved for our remote descen-
dants and that there is an optimum rate of present production, then the tenden-
cy of monopoly and partial monopoly is to keep production below the optimum 
rate and to exact excessive prices from consumers. 

Certain technical conditions, most pronounced in the biomass industry, lead 
to great wastes of material and expensive competitive drilling, losses which may 
be reduced by systems of control that involve delay in production.  

4.4.2. Biomass in Free Competition Market 
Since it is indifferent to the owner of biomass, whether he receives for a unit of 
his biomass a current price oP , or a price ( t

oP eγ ∗∗ ), after time t, it is not un-
reasonable to be considered that the price P will be a function of the time of the 
exponential form: 

( ) t
oP t P eγ ∗∗=                          (1) 

where (γ, a parameter).  
In that case, the various units of the biomass are to be regarded as equally 

valuable at any time, except for the varying costs of placing them upon the mar-
ket. The lower price determines the accessibility order. Should interest rates or 
degree of impatience vary among the biomass owners, it will also affect the order 
of extraction.  

Given that P denotes the net price received after payment of the cost of ex-
traction and market placing the formula regulates the relative prices at different 
times under free competition. The absolute level, or the value oP  of the price at 
t = 0 reference line, is dependent upon demand and the total biomass supply. 
The simple demand function is given as follows: 
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q a b P= − ∗                           (2) 

where q the quantity of product, P the price of the product, b the coefficient of 
slope and a the function constant. 

For a fixed demand curve, a question arises, whether the time until exhaustion 
will be finite or infinite turns upon whether a finite of infinite value of P will be 
required to provoke q elimination. All biomass will be exhausted in a finite time. 
If the exploitation will continue forever, even at a gradually diminishing rate, the 
demand function will be rewritten as: 

b pq e− ∗=                            (3) 

In general, the higher the price anticipated when the rate of production be-
comes extremely small, compared with the price for more rapid production, the 
more protracted will be the period of operation.  

4.4.3. Maximum Social Value and State Interference 
From static economic analysis standpoint, in perfect competition market, where 
the industrial factors are simplistic, there will be a certain tendency towards total 
benefit maximization.  

There are in extractive industries discrepancies in perfect markets, which are 
leading to particularly wasteful forms of exploitation though they might be well 
regulated for the public interest. Waste production could be susceptible to bio-
mass turning point new techniques that might give rise to sharp biomass incre-
ment to be handled.  

4.5. EU Legislation and Reuse 

Waste management policy in EU is driven by a number of EU Directives, the 
most important of which is the revised Waste Framework Directive 2008 
(rWFD), and emerging EU policies on resource efficiency [30]. This provides the 
overarching legislative structure which forms the basis for waste legislation in 
each Member State and sets baseline future targets and objectives for the local 
industry. The above incorporated the waste hierarchy to promote waste preven-
tion, a practice that entails more recycling and better use of resources, along 
with protecting measurements for our health and the environment. 

Waste Electrical and Electronic Equipment (WEEE) Directive (2002/96/EC), 
which promotes the collection and recycling of electric and electronic equip-
ments/devices have been set in force since February 2003. The legislation pro-
motes the creation of collection schemes where consumers return their used 
e-waste free of charge. The objective of these schemes is to encourage recycling 
increment and/or re-use of such products [49].  

Two major EU Directives refer to wastewater re-use. The first one is The Ur-
ban Wastewater Treatment Directive (91/271/EEC). Article 12 explicitly denotes 
that “treated wastewater shall be reused whenever appropriate” under the re-
quirement of “minimizing the adverse effect on the environment” [50]. The 
second one is the Water Framework Directive (WFD) (2000/60/EC), which re-
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fers, under Annex VI (v) clause, to “emission controls” and under Annex VI(x) 
to “efficiency and reuse measures, inter alia, promotion of water efficient tech-
nologies in industry and water saving techniques for irrigation”, as two, non- 
exclusive, supplementary measures [51]. 

5. Conclusions 

The above-given manuscript demonstrates a comprehensive analysis of certain 
economic models addressed to environmental issues. The analysis was focused 
on waste management, and specifically on the process of the recycle and reuse. 

Recycle is an established practice in many countries, while reuse is still under 
development. Reuse is a more desirable option, as far as waste management 
concerns, and EU legislation seems to encourage this practice. Many industries, 
especially in the technology section, have developed recycle and reuse programs 
in order to gain an advantage, while some of them have set a target of zero waste 
in their production process. Hoteling concept and biomass market exploitation, 
mostly in underdeveloped countries, is a great concern of new waste manage-
ment practices. Waste hierarchy and action programmes develop a methodology 
for quantifying reuse products and their impact. CBA analysis mechanisms were 
adopted for environmental evaluation when related to the economy. 
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