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Abstract  

With the emergence of the environmental movement of the 1960s, we went from thinking of 

waste as useless and of no value, to thinking of waste as pollution and of negative value 

because it was difficult to manage. The environmental revival of the 1990s again changed the 

thinking to waste as something that potentially have positive value, if we can find ways to re-

use or recycle it rather than throw it away. With the technological evolution of our time, 

pushing the 3R (Reduction, Re-use and Recycling) as the accepted norm in waste management, 

this paper argues that the term ‘waste generation’ should be redefined, legislations tailored to 

capture the present scenario on what is ‘waste’, including clarification of the different between 

‘waste’ and ‘recovered material resource’, hence “recovery” and “disposal”. This should be 

reflected in the calculation of ‘waste generation’. The value of recycling to major economies 

and the resources saved by energy from incineration (for energy recovery) are enormous. By 

2009 estimate, Waste-to-Energy plants in Europe (EU 27) can supply up to 7 million people 

with electricity and generate about 30.6kWh billion in the form of steam or hot water that is 

used for district heating. In the United States, Waste-to-Energy plants produced between 

(8.7kWh and 24.5kWh) billion worth of electricity, amounting to between $850 million and 

$2.4 billion in revenue. This equally saved equivalent of more than (4 to 11.6) million tonnes 

of coal, (1.9 to 5.5) million tonnes of residual oil and (19 to 53.9) billion tonnes of natural gas, 

which should have produced the same amount of electricity. The new Waste Framework 

Directive (WFD) of the European Union (Directive 2008/98/EC) marks a shift from thinking 

of waste as unwanted burden to seeing it as a valued resource. Hence it is reasonable to capture 

this fraction of waste as resource and remove that resource from the waste stream. If the 

concept of “recovery”, “recovery operations” and “end-of-waste status” as contained in the 

WFD is recognised by local legislations, waste generation figures should be made to reflect 

these, in as much as human health and the environment are not put in jeopardy. Comparing 

resource extraction from waste and virgin material, supported by available data and literatures, 

a definition of ''waste'' for the purpose of calculating value of generated volumes is suggested, 

putting forward a modified waste management hierarchy and material flow diagrams. 
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1 Introduction 

The enormous increase in the quantum and diversity of waste materials generated by human 

activity and their potentially harmful effects on the general environment and public health, led 

to an increasing awareness about an urgent need to adopt scientific methods for safe disposal 

of wastes. While there is an obvious need to minimize the generation of wastes and to reuse 

and recycle them, the technologies for recovery of energy from wastes playing a vital role in 

mitigating the problems. Besides recovery of substantial energy, these technologies can lead to 

a substantial reduction in the overall waste quantities requiring final disposal, which can be 

better managed for safe disposal in a controlled manner while meeting the pollution control 

standards. This resulted to numerous wastes and by-products recovery processes like pyrolysis, 

gasification, anaerobic digestion, plasma arc gasification, thermal depolymerization, etc.  

Based on the various resource management policies of governments and organisations around 

the world, it is necessary to think of redefining the rules in calculating ‘waste generation’, even 

if it is only to recognise the efforts of millions of families, individuals and organizations 

around the world, who put in hours, reducing the volume of waste to landfill through sorting 

and other technological means. These policies brought about terms like: zero-waste, renewable 

resources, sustainable patterns of consumption and production, green economy, etc. Countries 

and territories that pursue these policies have made tremendous progress in increasing the 

percentage of Municipal Solid Waste (MSW) that are recycled or diverted from landfill 

annually. Waste-to-energy is becoming popular too, making incineration or combustion a 

better alternative to landfill.  

Few will argue that waste generation is technology driven, especially packaging technology. 

This is supported by Choongh and Grekos, (2006) who argues that “Waste is largely confined 

to industrial societies and is symbolic their failure to use materials and energy efficiently”. 

Between 1960 to year 2000, was the era of proliferation of food packaging and bad eating 

habits of residents of developed countries, leading to continuous growth in the amount of waste 

generated. Human behaviour in utilizing the material resources provided by the prevailing 

technology without legislative control was the major cause of the increase in waste over this 

period. Therefore, it is an indication of failure in governance. Table 1-1 is a demonstration of 

this position using waste data of United States of America between 1960 and 2010. Of interest 

is the rate of recycling over this period, reflecting the effect of government intervention 

through legislations and incentives. 

 

Table 1-1: United States of America(USA) MSW Generation and Recycling  Rates, 1960-

2010 (Source:US EPA, 2012) 

 

Year Per Capita Waste 

Generation/Year (lbs) 

Total Waste 

Generated 

(million tons) 

 

Recycling 

Rate (%) 

Recycling 

Rate 

(million  

tons) 

1960 2.68 88.1 6.4 5.6 

1965 2.96 104.4 6.2 6.5 

1970 3.25 121.1 6.6 8.0 

1975 3.25 127.8 7.3 9.3 

1980 3.66 151.6 9.6 14.5 

http://www.alternative-energy-news.info/technology/garbage-energy/
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Figure 1-1:  US Recycling Rates, 1960 to 2010  (Source: US EPA, n.d.) 

During this period too, less attention was paid to recycling and waste reduction, in most 

countries of the world. Waste was generally looked at as rubbish, of no value and causing 

pollution. Landfilling was the major system of waste disposal, hence a good percentage of 

greenhouse gas was produced from landfills and waste dumps. Thanks to the European 

Union, who, since the promulgation of the Waste Framework Directive 75/442/EEC (‘WFD’) 

in 1975 (European Communities, 1975),  has been the driving force in awakening the various 

member states to take the problem of waste management serious. Following the WFD in 

1975, they came up with other directives, directing member states to come up with various 

strategies to meet the target of the legislations, leading to setting of waste recycling and 

reduction targets. Today, we are talking of “Reduction, Reuse and Recycling” or 3R as it is 

popularly referred to, being the three most acceptable waste management strategies before 

incineration and disposal, in that order.   

 

1985 3.83 166.3 10.1 16.7 

1990 4.57 208.3 16.0 33.2 

1995 4.52 217.3 25.7 55.8 

2000 4.72 242.5 28.6 69.5 

2005 4.67 252.7 31.6 79.9 

2010 4.43 249.9 34.1 85.1 
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Figure 1-2: General Waste Hierarchy  (Source: McCallum, 2011) 

 

The WFD did not only spore governments and organizations in Europe but in other parts 

of the world, to look for strategies to manage waste effectively. New legislations were 

initiated by governments in the EU in line with the WFD, which in turn motivated researches 

in better and environmentally acceptable waste management techniques.  Research into 

technologies and methods pushed the waste reduction efforts to a record high. Technologies 

are not just focussing on waste reduction and reuse, but on how to reduce/manage the waste 

of waste including greenhouse gas and other contaminants, which have been the concern of 

governments, organizations and individuals around the world.  

 

Today, incineration technology does not only produce energy from waste, but also 

treats the gases that are produce as a result of energy recovery from waste. Materials that 

were useless in the years past are now reusable as direct raw materials or recoverable as 

substitute for virgin materials. Technologies that were not available in 1975 when European 

Union Parliament issued the first WFD are now available. Therefore, it is necessary for 

authorities and government to redefine what is ‘waste’ for the purpose of computing waste 

generation. It is believed that that is why the new WFD was issued. 

 

2 What is Waste? 
 

The complexities in waste definition are reflected in the opinion of various nations and 

organizations around the world. 

The Organisation of Economic Cooperation and Development (OECD) (2003), defines waste 

as:  

“materials that are not prime products (that is, products  

produced for the market) for which the generator has 

 no further use in terms of his/her own purposes of production, 

 transformation or consumption, and of which he/she wants to dispose”. 

 

The Basel convention (UNEP, 2004), defined waste as:  

“Substances or objects which are disposed or are 

 intended to be disposed or are required to be  

disposed of by the provisions of national laws” 

 

The United Nations Statistics Division (UNSD): 

“Wastes are materials that are not prime products (that is products produced for the  

market) for which the generator has no further use in terms of his/her own purposes of 
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 production, transformation or consumption, and of which he/she wants to dispose…….”  

(UNEP, 2004) 

 

Zero Waste America (n.d.), defines waste as:   

"A resource that is not safely recycled back into the environment or the marketplace." 

 

This definition takes into account the value of waste as a resource, as well as the threat unsafe 

recycling can present to the environment and public health.  

 

The waste Directive (Directive 2006/12/EC) (European Union, 2006), as amended by the new 

waste Directive (Directive 2008/2008/98/EC)  (European Union, 2008) define waste as:  

“Any substance or object which the holder discards or intends or is required to discard”. 

 

2.1 The Conflict 

 

While there may be disagreement on the meaning of ‘discard’ and ‘dispose’ as used in 

the definitions, the new  waste Directive accepts  that some category of waste seizes to be 

waste, Article 6 (End-of-waste status),  after going through ‘recovery operation’ (Article 10). 

Hence, categorizing waste management operations as being a ‘recovery operation’ or 

‘disposal’. The Guideline on the interpretation of the R1 Formula notes that this marks a shift 

away from thinking about waste as an unwanted burden to seeing it as a valued resource 

(European Commission, 2011).  

 

Since there seems to be no generally acceptable definition of waste, the prevailing 

circumstances, as created by technological innovations, which are equally the ground on 

which the new waste Directive is fashion, should be considered in computing waste 

generation. Therefore, this paper suggests possible issues for consideration, in response to the 

new scenario in resource management that is created by technological innovations. 

Technology being the driver of our world keeps changing the way we see resources, goods 

and services. 

 

Supporting this idea, the UK Institution of Mechanical Engineers (UKIME) (n.d.) 

pointed out that “Modern EfW plants meet very strict environmental standards and 

perceptions of them as ‘dirty’ need to be robustly and forcefully challenged. It is important to 

note that an EfW plant should not be seen as a waste treatment plant but more accurately as a 

power station or even a Combined Heat and Power (CHP) station. A thermal EfW plant, in 

particular, ‘treats’ waste in the same way that a coal-fired power station ‘treats’ coal. Any 

other benefit, such as volumetric reduction, is a useful by-product but is not the primary 

purpose of an EfW plant”. 

 

Therefore, the current situation where materials continue to be waste as soon as they 

enter the waste stream and remain there no matter the changes that have taken place, is not 

reflecting the current scenario and it is not encouraging the efforts that are being made to 

reduce the amount of waste that are disposed.  

 

2.2 The US EPA Example 

 

On October 7, 2008, the Environmental Protection Agency ("EPA") issued a final rule 

revising the current definition of "solid waste" under the Resource Conservation and 
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Recovery Act (RCRA).  The rule was published in the Federal Register on October 30, 2008 

(73 Fed. Reg. 64668) and will be effective on December 29, 2008. The new rule excludes 

from the definition of “solid waste,” and thus from federal hazardous waste regulation, 

certain hazardous secondary materials which are being recycled by reclamation.  Hazardous 

secondary materials ("HSM") are defined by the EPA as materials which would be hazardous 

wastes if discarded.  On the whole, the revised rule will ease the regulatory requirements that 

have impeded the recycling of HSMs (Englert, 2008). 

 

2.3 Wastes as Resource 

 

According to Collins dictionary, (2008), “A resource is a source of economic wealth, a 

supply or source of aid or support….” If waste is combusted to produce energy, recycled to 

produce a product or useful materials, etc, it is therefore double standard to continue to refer 

to them as waste and counting them as ‘wastes’ produced by citizens. Not only do they 

produce materials and services, they equally saved the materials that should have been used 

for the same purposes, saved energy that should be used to process virgin materials and save 

emission that should have been produced in processing virgin materials. 

 

2.4 Waste as  Renewable Resource 

 

Waste is an unavoidable product of human activities. Therefore, its use in WtE is 

sustainable. It can equally be renewable since the supply is naturally unstoppable. Its flow is 

in-line with human existence. It is an alternative raw material for production processes and 

energy supply. Therefore qualifies as renewable material as supported by Collins dictionary 

(2008). This idea is supported by World Economic Forum (2009) - “Waste-to-energy meets 

the two basic criteria for establishing what a renewable energy resource is—its fuel source 

(trash) is sustainable and indigenous.  Waste-to-energy facilities recover valuable energy 

from trash after efforts to “reduce, reuse, and recycle” have been implemented by households 

and local governments”. 

Though most authors are recognising only biodegradable wastes as renewable, (World 

Economic Forum, 2009; Salman, 2008). 

 

According to EU legislation, the biodegradable fraction of municipal and industrial waste 

is considered biomass, thus a renewable energy source (European Union, 2009).  The energy 

output from WtE plants is about 50% renewable. Waste-to-Energy plants in Europe supply a 

considerable amount of renewable energy, some 38 billion kilowatt-hours in 2006, and by 

2020 this amount will grow to at least 67 billion kilowatt-hours, but potentially reach 98 

billion kilowatt-hours. This will be, in the latter case, enough to supply 22.9 million 

inhabitants with renewable electricity and 12.1 million inhabitants with renewable heat. 

However, to achieve the latter, a more ambitious waste policy must be delivered in Europe, 

i.e. replacing landfilling through a combination of recycling (60%) and Waste-to-Energy 

(40%), as well as increasing energy efficiency through improved infrastructure for heating 

and cooling, and better grid access for energy from Waste-to-Energy plants (CEWEP, n.dc)  

 

Like other renewable resources, the supply of WfE can be endangered by technological 

breakthroughs in recycling and reuse. But as long as human population will continue to 

increase and consumption level on the rise, the material circle will continue unabated and 

availability of ‘waste’ as raw material for energy recovery is assured. 
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3.0 Societal Benefit of Re-Use, Recycle and Energy Recovery  

 

It is an understatement to say that waste recovery is contributing immensely to the 

environmental cleansing, social and economic stability of our time. This is because the 

impacts are uncountable. The strict legislations on waste handling and movement are the 

impetus to these success stories. The level of recycling is on the increase; emerging 

technologies are turning wastes that cannot be recycled into energy; etc. Table 3-1 is 2009 

statistics of selected countries showing some of these successes. 

Table 3-1 is statistics of waste data in 2009 from various sources showing population, waste 

collected, waste recovered and per capita waste generation. From the table, a total of  

815,495,700 people were served by the MSW collection across the countries, collecting  

318,269,000 tonnes of waste  and 275,045,971.7 tonnes of waste were recovered through 

recycling and incineration (for energy recovery) i.e. 52.44 percent of the waste collected were 

saved. This is tremendous in term of energy savings, emission reduction, reduction in the 

exploitation of virgin materials, etc. In monitory value, it is in billions of dollars, but due to 

the mix in the source of the waste and the composition, it is difficult to ascertain the actual 

value in cash. 

 

 

 

Table 3-1: 2009 MSW Statistics of selected countries showing Total Volume of waste 

collection, Percentage Landfilled, Percentage Recycled, Percentage Incinerated and Per 

Capita as calculated presently 

 

Country Populati

on 

(millions

)³ 

Popula

tion 

Served 

by 

Munici

pal 

waste 

Collect

ion⁵ 
(%) 

Volume 

of 

MSW 

Collect

ed 

(1000 

Tonnes

) 

MSW 

Landfill

ed (%) 

MSW 

Incinerat

ed (%) 

MSW 

Recycl

ed (%) 

MSW 

Collec

ted 

Per 

Capita 

Served 

(Kg) 

Austria 8.4 100 4941² 0.69¹ 29.45¹ 69.86¹ 591
6
 

Belarus 9.7 100 3347² 100 - - 347
6
 

Belgium 10.8 100 5277² 5.08¹ 34.3¹ 60.62¹ 491
6
 

Bosnia & 

Herzegovin

a 

3.8 67 1422² 100 - - 378
6
 

Bulgaria 7.6 96.7 3561² 96.07¹ 0¹ 3.93¹ 468
6
 

Cameroon 18.9 61.6 7249² 99.6 - - 603
6
 

China Hong 

Kong SAR 

7.0 100 6450² 50.7 - 49.3 919
6
 

Cuba 11.2 75.4 4264² 87.2 0 5.1 505
6
 

Cyprus 1.1 100 620² 87.1¹ 0¹ 12.9¹ 778
6
 

Czech 

Republic 

10.5 100 3310² 72.21¹ 17.31¹ 10.48¹ 316
6
 

Denmark 5.5 100 4530² 3.86¹ 48.06¹ 48.08¹ 833
6
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Estonia 1.3 79 464² 61.85¹ 0.22¹ 37.93¹ 346
6
 

Finland 5.3 100 2562² 46.0 18.1 35.9 481
6
 

France 62.6 100 34504² 32.33¹ 33.94¹ 33.73¹ 536
6
 

Germany 82 100 48101² 0.37¹ 32.3¹ 67.34¹ 587
6
 

Greece 11.3 100 5386² 81.12¹ 0¹ 18.88¹ 458
6
 

Hungary 10 92.5 4312² 74.49¹ 9.42¹ 16.09¹ 430
6
 

Iceland 0.3 100 177² 68.4 10.2 13.0 554
6
 

Ireland 4.5 76 3300² 58.38¹ 3.76¹ 37.86¹ 664
6
 

Italy 60.3 100 32500² 49.24¹ 12.71¹ 38.05¹ 541
6
 

Kuwait 3.0 100 1723² 100 - - 577
6
 

Latvia 2.3 85 7534² 92.16¹ 0.13¹ 7.7¹ 333
6
 

Lithuania 3.3 91 1206² 90.63¹ 0¹ 9.37¹ 360
6
 

Mauritius 1.3 98 408² 97.1 - 2.9 323
6
 

Luxembour

g 

0.5 100 349² 17.19¹ 36.1¹ 46.7¹ 707
6
 

Malta 0.4 100 268² 95.15¹ 0¹ 4.85¹ 647
6
 

Monaco 0.04 100 37² 0 132.6 8.3 1118
6
 

Netherlands 16.5 100 10159² 0.67¹ 31.93¹ 67.4¹ 613
6
 

Norway 4.8 99 2269² 14.3 41.5 27.3 473
6
 

Poland 38.1 79.1 12053² 65.2¹ 0.84¹ 33.96¹ 316
6
 

Romania 21.5 54 8507² 76.85¹ 0¹ 23.15¹ 396
6
 

Slovakia 5.4 100 1837² 80.86¹ 6.99¹ 12.15¹ 339
6
 

Spain 46.9 100 25090² 52.04¹ 8.78¹ 39.17¹ 547
6
 

Sweden 9.3 100 4486² 1.4¹ 48.44¹ 50.16¹ 485
6
 

Switzerland 7.8 99 5460² 0 48.7 34.2 706
6
 

Turkey 74.8 82 28006² 84.8 0 0 392
6
 

United 

Kingdom 

61.8 100 32600² 49.28¹ 11.53¹ 39.19¹ 529
6
 

United 

States 

307 100 243000
4
 54.3

4
 11.9

4
 33.8

4
 719

4
 

Slovenia 2.0 94.5 913² 68.78¹ 1.53¹ 29.68¹ 449
6
 

Sources: ¹ = (UK DEFRA, 2011), ² 
5 6

 = (UN Statistics Division, 2011), ³ = (UN Population 

Reference Bureau, 2009),   
4 

= (US EPA, 2010)  

 

3.1 Benefits of Recycling 

 

Recycling is a highly efficient way of reintroducing valuable materials into the economy. The 

benefits of recycling are not under debate. If recycling is the only waste recovery method, the 

debate on why waste recovery should be done should have be only on economic ground. We 

can summarize the benefits as follows: 

  

• Addresses resource efficiency  

• Lowers energy consumption and hence CO₂ emissions significantly  

• Reduces environmental impacts on water and air 

• Decreases nation’s dependency on raw material imports 

• Helps move from waste management to material management 

• Reduces the rate of exploitation of virgin materials 

• Creates and maintains jobs  
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3.2 From Incineration to EfW (WtE) 

 

The main motivation for targets and measures on waste management was to reduce the 

production of Methane gas, in order to reduce global warming and encourage good practices 

that will reduce the general negative impact of waste management system on the environment 

and health of the populace. That as it may, has resulted in technological breakthroughs that 

are making the pollution from waste recovery systems to be friendlier, even above the 

required level.  

EfW facilities are also known as “Waste to Energy (WtE)” facilities, “Energy Recovery (ER) 

facilities” and “waste incinerators”. Their purpose is to generate electrical power and/or heat 

using rubbish (solid waste) as fuel. 

 

The first waste incineration plant, known as a “Destructor” was built in Nottingham in the 

UK in 1874. Waste incineration became established in many European countries at the end of 

19
th

 century, as a means of minimizing the volume of waste and destroying the bacteria, 

germs etc, found in the waste and making it hygienic. Since then, as environmental awareness 

has grown, Waste-to-Energy technology has continuously developed and improved, with 

efficient energy generation becoming increasingly important (CEWEP, n.d.). 

 

In line with this, United Kingdom Institution of Mechanical Engineers (UKIME) (n.d.) 

argues that “it is important to note that an EfW plant is not the same as an ‘incinerator’ and it 

is highly misleading to describe it as such. An incinerator is purpose-built to reduce the 

volume of waste by burning (incinerating) it to produce an ash which is disposed of 

elsewhere, e.g. to landfill. An EfW plant, by contrast, is purpose built to provide usable 

energy and can be designed to have little or no output to landfill.”  

 

The term ‘incineration’ stems from the outdated method of burning Municipal Solid Waste 

(MSW) in order to destroy it. 

 

An WtE  plant works by taking the waste and converting its potential energy into any type of 

usable energy – the three main forms being heating, electricity and transport fuels – just as 

coal, oil and gas are used as fuels in fossil-fired power stations.  

 

EfW can be used with many different types of waste from domestic, commercial, industrial, 

construction and demolition, to sewage and agricultural etc. The only criterion is that the 

waste fraction is combustible and/or biodegradable. The type of waste taken by an EfW plant 

is dependent on which of the available technologies (thermal treatment, pyrolysis, 

gasification, co-incineration, etc) has been chosen. In fact, the type of waste stream may itself 

determine which technology is chosen. 

 

There are several modern WtE technologies which have now moved on from the 

conventional EfW to become ‘all-in-one’ facilities for energy production and recycling. 

These are better known as Waste-as-Resource (WaR) facilities (UKIME, n.d.). Not only is a 

higher proportion of energy normally produced as electricity, but much of the thermal energy 

(waste heat) is recovered and used in district heating schemes and/or in the various industrial 

processes in the plant. It also significantly reduces or eliminates sending ash to landfill. 

 

Therefore, the WtE technology of today has the following characteristics 
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a. WtE is a proven, environmentally sound process that provides reliable electricity 

and steam generation and sustainable disposal of post-recycling MSW. 

The concerns over the health effects of dioxin and furan emissions have been 

significantly lessened by advances in emission control designs and very stringent new 

governmental regulations that have resulted in large reductions in the amount of 

dioxins and furans emissions (German Federal Ministry for the Environment Nature 

Conservation and Nuclear Safety (GFMENCNS), 2005) 

 

Table 3-2: Dioxin emission sources in Germany, annual dioxin loads, in grams per toxicity 

unit (g TU); data for the year 2000 are estimates by the Federal Environmental Agency. 

 

Emission per year in gTU (toxicity units) 

 1990 1994 2000 

Metal Extraction 

and Processing 

740 220 40 

Waste Incineration 400 32 0.5 

Power Station 5 3 3 

Industrial 

Incineration Plants 

20 15 <10 

Domestic Firing 

Installations 

20 15 <10 

Traffic 10 4 <1 

Crematoria 4 2 <2 

Total emissions, air 1200 330 <<70 

Source: GFMENCNS, 2005 

 

b. Because WtE facilities tend to be located near populated areas; WtE can reduce truck 

traffic and associated emissions and other hazards of trucking 

c. It saves landfill space 

d. Air emissions from modern state-of-the-art WtE facilities are greatly reduced in 

comparison to older facilities that have less stringent operational controls and less 

effective air pollution equipment and monitoring systems.  

WtE tends to be highly regulated in consideration of the potential effects of emissions 

on human health and the environment, and public perception. For this reason, 

developed countries have very strict emissions standards. Contemporary air pollution 

control technologies have been developed to stay well within these limits  (European 

Commission, 2006) 

 

e. Another beneficial effect of modern MSW combustion with energy recovery is 

material recovery. Most WtE facilities include equipment to remove ferrous metals 

from the bottom ash. Recovery of non-ferrous metals (primarily aluminium) has also 

become more common. Depending on the composition of the incoming MSW stream, 

recovered metals can represent up to 10% of the input tonnage to the WtE facility. 

Generally, WtE facilities can recover approximately 80% of ferrous and 60% of non-

http://en.wikipedia.org/wiki/Polychlorinated_dibenzodioxins
http://en.wikipedia.org/wiki/Furan
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ferrous metals present in the bottom ash. Separated metallic scrap is either delivered 

to a scrap dealer or returned to the steel industry 

 

       f. One of the primary aims of WFD is to ensure that materials are recovered in an 

environmentally responsible manner and without treat to human health. In line with 

this,  Cernuschi,  Consonni and  Giugliano, (2010), found that the air coming from 

Waste-to-Energy plants is comparable with ambient air, and that it is largely lower 

(by 2-4 orders of magnitude) than the emissions coming from residential heating 

boilers fuelled with wood pellets or light heating oil. 

 

Because of various complaint against incineration in the UK, Environmental Services 

Association (ESA, UK) commissioned AEA Technology Plc to undertake an 

independent scientific review of published research on the health effects and 

environmental issues of WtE facilities - Review of research into health effects of 

Energy from Waste facilities - published in January 2012. The report concluded: 

“That emission from EfW facilities would not be expected to give rise to any 

significant effects on health. Emissions from EfW facilities as currently operated in 

the UK are substantially lower than those from facilities operating prior to the 

implementation of the Waste Incineration Directive. Taking account of the 

uncertainty inherent in epidemiological studies of EfW facilities, it is concluded that 

EfW facilities as currently operated in the UK are most unlikely to have any 

significant or detectable effects on cancer incidence, the incidence of adverse birth 

outcomes, or the incidence of respiratory disease. Specifically, in view of the flawed 

methodology, it is concluded that claims of the effects of EfW facilities on infant 

mortality made on the basis of mapping studies should not be considered a matter of 

concern.” (AEA Technology, 2012). 

 

In November 2010, the European Commission (2010) reported that “Spanish medical 

and public health researchers have found no clear evidence for increased heavy metal 

levels in adults living near a recently-built urban solid waste incinerator over two 

years of operation. Concentrations of lead, chromium and mercury in blood and urine 

samples taken around the plant were not significantly higher than for populations who 

lived further away”.  

 

The UK Health Protection Agency (2009) has reviewed research undertaken to 

examine the suggested links between emissions from municipal waste incinerators 

and effects on health. While it is not possible to rule out adverse health effects from 

modern, well regulated municipal waste incinerators with complete certainty, any 

potential damage to the health of those living close-by is likely to be very small, if 

detectable. This view is based on detailed assessments of the effects of air pollutants 

on health and on the fact that modern and well managed municipal waste incinerators 

make only a very small contribution to local concentrations of air pollutants. 

 

A study carried out by Enviros Consulting (UK) for Waste Recycling Group, which 

was published in January 2006, concluded that “There is no consistent evidence of 

adverse health effects from EfW facilities. If there are any effects, they are at very 

low levels, and are much smaller than other influences on our health such as passive 

smoking, diet, or accidents in the home” (Enviros Consulting Ltd and Waste 
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Recycling Group, 2006). Table 3-4 is an extract from that report showing the level of 

various emissions from a typical WtE facility. 

 

This is equally supported by German Federal Ministry for the Environment in the 

report “Waste Incineration – A potential Danger?” (GFMENCNS, 2005) and 

Marklund (2005) in “Dioxins and the Eco-cycle” 

 

 

Table 3-3: Emissions from Large and Small MWC Units (Impact of Technology on WtE 

Emissions) 

 

Pollutant 1990 Emission (tpy) 2006 Emission (tpy) Percentage 

Reduction 

Dioxins/Furans, TEQ 

basis  

4,400  15  99+% 

Mercury  57  2.3  96% 

Cadmium  9.6  0.4  96% 

Lead  170  5.5  97% 

Particulate Matter  18,600  780  96% 

HCl  57,400  3,200  94% 

SO2  38,300  4,600  88% 

NOx  64,900  49,500  24% 

(*) dioxin/furan emissions are in units of grams per year toxic equivalent quantity (TEQ), 

using 1989 NATO toxicity factors; all other pollutants emissions are in units of tons per year. 

Source: (US EPA, 2007) 

 

 

Table 3-4: Emissions from a typical WtE facility 

 

Substance Annual emissions to air from 

typical EfW facility 

 

Approximately equivalent to 

annual emissions from 

 

Carbon monoxide 70,000 kg A 1 km stretch of a typical 

motorway 

 

Volatile organic compounds 1800 kg A 0.3 km stretch of a typical 

motorway 

 

Oxides of nitrogen 370,000 kg A 7 km stretch of a typical 

motorway 

 

Fine particles (PM10) 8,000 kg A 5 km stretch of a typical 

motorway 

 

Carbon dioxide 

(partly neutral carbon; partly 

fossil fuel origin carbon) 

 

220,000 tonnes total 

(about 90,000 tonnes fossil 

origin) 

 

A 28 km stretch of a typical 

motorway 

 

An 11 km stretch of a typical 
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motorway (fossil origin 

carbon only) 

Methane 4630 kg A herd of 100 cows 

 

Sulphur dioxide 9,000 kg 100 homes using coal fires for 

heating 

 

Dioxins and furans 0.18 grams Accidental fires in a town the 

size of Milton Keynes 

 

Arsenic 1.2 kg Less than a fiftieth of the 

emissions from a medium 

sized (970MW) UK coal-fired 

power station 

 

Cadmium 1.2 kg Less than a twentieth of the 

emissions from a medium 

sized (970MW) UK coal-fired 

power station 

 

 

Source: (Enviros Consulting Ltd and Waste Recycling Group, 2006) 

 

 

To show what it was and what it is now, UK DEFRA (2004) have this to say,  “The 

majority of published studies concentrate on the effects of exposure to emissions from 

the older generation of incinerators which were phased out in the UK after the 

introduction of stricter emission controls implemented through the Integrated 

Pollution Control regime. This is inevitable, in view of the latency period associated 

with most cancers. The level of public exposure from such facilities was substantially 

higher than occurs from modern incinerators. Emissions to air from MSW 

incineration in the UK have changed considerably over the past 20 years, in response 

to increasingly strict legislation on emissions. For example, emissions of dioxins per 

tonne of waste from MSW incineration have decreased by 99.8% over this period. We 

found no consistent evidence for significantly elevated levels of ill-health in 

populations potentially affected by emissions from MSW incineration.”  

 

g. Environmental Benefits of WtE-WtE can also have an impact on reducing fossil 

fuel usage and increase energy production using renewable sources. 

Comparative studies of WtE and landfilling have shown that for each ton of MSW 

combusted, rather than landfilled, the overall carbon dioxide reduction can be as high 

as 1.3 tons of CO2 per ton of MSW when both the avoided landfill emissions and the 

avoided use of fossil fuel are taken into account (Lauber, Morris, Ullao & Floyd, 

n.d.). 

 

• It is fully proven that WtE reduces greenhouse gases and provides clean energy. In two 

independent research papers, Thorneloe, Weitz and Jambeck (2005) and (2007) 

reported on the use of the United States   Municipal Solid Waste Decision Support 

Tool to study municipal solid waste management options. These studies used a life-



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

  

 

 

cycle analysis to determine the environmental and energy impacts for various 

combinations of recycling, landfilling, and waste-to-energy. The comprehensive 

analysis examined collection and transportation, material recovery facilities, transfer 

stations, composting, remanufacturing, landfills, and combustion. The results of the 

studies show that waste-to-energy yielded the best results—maximum energy with the 

least environmental impact (emissions of greenhouse gas, nitrogen oxide, fine 

particulate precursors, and others). In brief, waste-to-energy was demonstrated to be 

the best waste management option for both energy and environmental parameters 

 

•  Diesel fuel consumption of trucking to and from landfills and by equipment used in 

the burial of MSW in landfills generates air emissions and has other negative 

environmental impacts. All this energy consumption and diesel exhaust can be avoided 

by WtE facilities that use MSW as the fuel for generating electricity and steam energy 

at plants located near urban centres. 

 

 

h. Emission Trading - Under the Kyoto Protocol, by displacing fossil fuel-fired electricity 

generation and eliminating methane production from landfills, wte plants can generate 

tradable credits (Certified Emission Reductions [CERs]) through approved Clean 

Development Mechanism protocols. These CERs are accepted as a compliance tool in the 

European Union Emissions Trading Scheme (Michaels, 2010). 

 

i. Energy Benefits of WtE - The quantity of energy recoverable from waste depends on 

factors like waste composition, which in turn depends on the region of the world and 

weather, including technology. According to  American Society of Mechanical Engineers 

(ASME), (2008), the thermal treatment of MSW results in the generation of 500-600 kWh 

of electricity per ton of MSW combusted. European WtE facilities often recover another 

600 kWh in the form of steam or hot water that is used for district heating. This additional 

energy recovery is not generally achieved in the US due to the absence of district heating 

systems. The corresponding savings in fossil fuel use range from one to two barrels of oil 

per ton of MSW. Table 3-5 is electricity production ranges for various WtE technologies. 

 

 

Table 3-5: Reported Electricity Production Ranges for Various WtE Technologies (Source: 

McCallum, 2011) 

 

 

Technology Electricity Production Range 

kWh / tonne 

Conventional – Older 500 – 600 

Conventional – Newer 750 – 850 

Gasification 400 – 800 

Plasma Arc Gasification 300 – 600 

Pyrolysis 500 - 800 

 

4.0 Impact of Waste Recovery on Economies 

 

For lack of data and space we are looking at two economic blocks, the EU and the US. 

Though, economy like China have equally benefitted tremendously from the waste recovery. 
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4.1 EU Experience 

 

The European Union as the pioneer in waste management issue have equally benefitted from 

the exploit. Waste management has a great influence in EU economy in the provision of 

power, raw materials, employment, etc, both directly and indirectly.  

 

4.1.1 Recycling as source of raw materials 

 

The EU economy being a productive one, require an uninterrupted supply of raw material. 

Good waste management is assisting in supplementing the importation and exploitation of 

virgin resources. The benefits of recycling are becoming increasingly visible and valued as 

one solution to Europe’s raw material challenges.  Several European manufacturing sectors 

base a significant and increasing part of their production on secondary raw materials. Figure 

4-1 is a reflection of what the situation was in 2011 in selected material areas where data was 

available. 

 

 

 
Figure 4-1: Recycling contribute to consumption in selected materials (Source: European 

Environmental Agency, 2011) 

 

In a position paper, European Recyclers (2012) observed that “recycling is more than the 

collection of recyclable waste materials. It is the result of a series of steps which are part of 

the recycling value chain: collection - pre-processing (including when appropriate 

dismantling) – processing (including extraction of contained material from recyclable waste) 

– processing into a new product/material. These value chains can slightly differ from one 

sector to another. The specificities of the materials and value chains may call for sector-

specific policy approaches to improve recycling and increase the resource efficiency of the 

European economy as a whole”. 

 

4.1.2 Provision of Employment 

 

As shown in Figure 4-1, turnover of the seven recyclables almost doubled in current prices 

from EUR 32.5 billion in 2004 to EUR 60.3 billion in 2008. The overall employment related 

to the recycling of materials in European countries has increased steadily from 422 per 

million inhabitants in 2000 to 611 in 2007. This represents an increase of 45 % between 2000 

and 2007, corresponding to an annual increase of 7 %. The report observed that Recycling 

can meet a large proportion of the economy's demand for resources, alleviating pressure on 
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ecosystems to provide resources and assimilate waste. Already recycling meets substantial 

proportions of demand for some resource groups, notably paper and cardboard, and iron and 

steel (European Environmental Agency, 2011). 

 

 

 

 

 

 

 

 

  
Figure 4-2: Total turnover of recycling of seven key recyclables in the EU, 2004 and 2006–

2009 (Source: European Environmental Agency, 2011) 

 

 

 

 

 

 
Figure 4-3: Persons employed in recycling activities in the EU  per million inhabitants, 

2000–2007 (Source: European Environmental Agency, 2011) 

 

Despite these shortcomings, existing data do provide a reasonable (albeit incomplete) picture 

of the overall trend for recycling-related employment. As Figure 4-3 shows, overall 

employment related to materials recovery in Europe has increased steadily, from 422 

inhabitants per million in 2000 to 611 in 2007, which is an increase of 45 %. Moreover, these 

figures are conservative, as they do not include employment linked to processing materials at 
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certain manufacturing facilities, such as manufacture of pulp or metals (European 

Environmental Agency, 2011). 

 

4.1.2.1 Employment in recycling compared to other EU eco-industries  

The EU-27 eco-industry is estimated to have directly employed some 2.8 million individuals 

in 2004, rising to 3.4 million in 2008. Employment grew 7.0 % in the years 2000–2008. In 

the same period, the annual growth in employment in the recycling sub-sector (11 %) was 

second only to the renewable energy sub-sector (17 %) (Table 4-1). 

 

 

 

 

 

Table 4-1: Employment growth in EU eco-industry sub-sectors in the period 2000 – 2008 

(Source: European Environmental Agency, 2011)  

 

 

 Employment 

(2000) 

Employment (2008) Employment 

Annual Growth 

Rate (%) 

Waste Management                         844 766 1 466 673     7.14 

Water Supply                                   417 763    703 758  6.74 

Waste water Management  253 554 302 958   2.25 

Recycled Materials  229 286   512 337                                          

10.57    

Others 129 313    193 854        5.19 

Renewable Energy 49 756 167 283 16.37 

Air Pollution 22 600     19 067 2.10 

Biodiversity  39 667                                  49 196  2.73 

Soil and Groundwater   14 882 18 412   2.70 

Noise and Vibration                        4 176      7 565  7.71 

Total 2 005 764                             3 441 102 6.98 

 

4.1.3 Booming Export Market 

 

While the EU seeks to curb its import dependency on raw materials through better re-use and 

recycling, the bloc remains a top exporter of all sorts of waste – including paper, plastics and 

metals. 

 

EurActiv.com (of 10 - 14 October 2011),(EurActive.com, 2011) quoting certain 2008 report 

by the European Environment Agency (EEA), noted that “the volume of these exports has 

increased significantly between 1995 and 2005, particularly to China and the Far East. While 

China is the dominant player of the major Asian economies, India and Indonesia are also 

sourcing materials from the EU to fuel domestic industries. In the EU-15, exports of waste 

paper alone increased from 1.2 to 7.8 million tonnes during that period – with exports to 

China rising from almost zero to 4.5 million tonnes. For waste plastics, the rise was from 0.2 

to 1.6 million tonnes, of which half was sent to China and Hong Kong. According to the 

EEA, the most significant type of waste plastic exported – over 1 million tonnes– is of 
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parings and scrap plastic from polymers of ethylene. The four main categories of waste 

metals being exported are iron and steel, copper, aluminium and nickel. But much more is 

being exported in the form of electronic waste such as mobile phones and laptops. For waste 

iron and steel, exports went from 6.7 to 8.1 million tonnes and the export   of waste copper, 

aluminium and nickel from the EU-25 was almost 1.6 million tonnes in 2005.” 

 

An investigation by the UK newspaper, The Guardian (20 September 2004), reported that this 

trade is actually “starving some local recycling initiatives of materials and putting established 

firms out of business or at risk” in Europe. Whereas expanding national recycling industry 

would be good for the environment, create local jobs and boost green technologies. The 

report quoted new government figures suggesting that exports to China are running at 

200,000 tonnes of plastic rubbish and 500,000 tonnes of paper and cardboard a year - a huge 

increase on just three years ago. While EU is concern on the environmental and health 

implication of the waste, Chinese companies and government are not bordered. Redefining 

the waste and regulating there movement is the only solution (Vidal, 2004). 

 

4.1.4 WtE Market in Europe 

 

Solid Waste.com (August 26 2009), quoting Frost & Sullivan 

(http://www.environmental.frost.com), observed that Europe is the largest waste-to-energy 

plants market in the world with a very well developed infrastructure and over 429 installed 

plants in 2008 with market earned revenues of €3.10 billion in 2008. 

Currently, Waste-to-Energy Plants in Europe can supply 13 million inhabitants with 

electricity and 12 million inhabitants with heat. This is based on 69 million tonnes of 

remaining household and similar waste that was treated in 2008 in Europe. Depending on the 

fuel you replace – gas, oil, hard coal or lignite – between 7 – 38 million tonnes of fossil fuels 

emitting 19 – 37million tonnes of CO2, would not need to be used by conventional power 

plants to produce this amount of energy (CEWEP, n.da). 

 

WtE plants in Europe supply a considerable amount of renewable energy, some 38 billion 

kilowatt-hours in 2006, and by 2020 this amount will grow to at least 67 billion kilowatt-

hours, but potentially reach 98 billion kilowatt-hours. This will be, in the latter case, enough 

to supply 22.9 million inhabitants with renewable electricity and 12.1 million inhabitants with 

renewable heat. However, to achieve the latter, a more ambitious waste policy must be 

delivered in Europe, i.e. replacing landfilling through a combination of recycling (60%) and 

Waste-to-Energy (40%), as well as increasing energy efficiency through improved 

infrastructure for heating and cooling, and better grid access for energy from Waste-to-

Energy plants (CEWEP, n.da). 

 

In a schematic diagram, CEWEP (2010) summarised the WtE in Europe in Figure 4-4 

 

 

 

http://www.guardian.co.uk/society/2004/sep/20/environment.china
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Figure 4-4: Waste-to-Energy Cycle In Europe in 2007 (Source: CEWEP, 2010) 

 

The WtE Cycle across Europe for 2007 shows that 65 million tonnes of residual waste was 

thermally treated in Waste-to-Energy plants which generates 26 billion kWh of electricity for 

12 million inhabitants and 65 billion kWh of heat for 11 million inhabitants. These results in 

6-35 million tonnes of fossil fuels saved which is a substantial benefit to the environment. 

 

4.2 The US Experience 

 

The level of waste recovery in the United States is far below that of European Community, 

but still the impact is tremendous. 

 

4.2.1 Material Recycling and Reuse 

 

In the recycling and reuse sector, the US Recycling Economic Information Study reported 

that “United States hosts 56,061 recycling and reuse establishments that employ 

approximately 1.1 million people, generate an annual payroll of $37 billion, and gross $236 

billion in annual revenues.”(Beck, 2001).  According to the report, the nation’s recycling and 

reuse industry compares favourably to other key industries such as automobile manufacturing 

and mining. The industry far outpaces the waste management industry because recycling adds 

value to materials and contributes to a growing labour force. Table 4-2 presents estimates of 

direct economic activities by sector. 

 

Table 4-2: Summary of Estimates of Direct Economic Activity Annual Payroll and Estimated 

Receipts are in $1000. Throughput in Thousands of Tons (Source: Beck, 2001)  

 

Data Type Industry Sector Industry 

Total Recyclin

g 

Collectio

n 

Recycling 

Processin

g 

Recycling 

Manufacturin

g 

Reuse and 

Remanufacturin

g 

Establishment

s 

9,247 12,051 8,047 26,716 56,061 

Employment 32,010 160,865 759,746 169,183 1,121,804 

Annual 

Payroll 

956,875 3,826,360 29,181,749 2,747,498 36,712,482 

Estimated 1,975,516 41,753,90 178,390,423 14,182,531 236,301,37
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Receipts 2 1 

Estimated 

Throughput 

191,082 191,082 157,545 N/A N/A 

 

In terms of revenues to government, Table 4-3 gives insight:  

 

Table 4-3: Contribution of Recycling and Reuse to Government Revenues - Total Effects 

Revenues (in $ millions)     (Source: Beck, 2001)        

   

Industry Sector                                       Federal State Local Total 

Recycling Collection              300 200 100 600 

Recycling Processing            

 

1,700 800 600 3,200 

Recycling Manufacturing     20,500 9,900 7,800 38,200 

Reuse/Remanufacturing       

 

2,100 1,000 800 3,900 

Total 24,600 11,900 9,400 45,800 

 

4.2.2 Waste-to-Energy 

 

Below are summary of developments in this sector in the US. 

 

• WtE has earned distinction through the U.S. Environmental Protection Agency’s solid 

waste management hierarchy, which recognizes combustion with energy recovery (as 

they refer to waste-to-energy) as preferable to landfilling. EPA’s hierarchy reflects 

what EPA has stated previously—that the nation’s waste-to-energy plants produce 

electricity with “less environmental impact than almost any other source of 

electricity.” EPA’s hierarchy is also consistent with actions taken by the European 

Union, which established a legally binding requirement to reduce landfilling of 

biodegradable waste (Michaels, 2010). 

 

• The U.S. WtE industry has existed for over forty years and its technology has 

continuously been improved. For example, MSW combustion facilities of all types 

were once considered a significant source of mercury and dioxin emissions. However, 

during the 1990's, the WTE industry implemented new EPA regulations on Maximum 

Achievable Control Technology (MACT) and WTE power plants have reacted by 

becoming one of the cleanest producers of electricity and heat energy available today 

(Kaplan, DeCarolis, & Thorneloe, 2009). 

• In the United States, because of its level of emission savings, “Lee County (FL) has 

been certified by the Voluntary Carbon Standard to generate carbon offsets which can 

be sold to those entities wishing to acquire carbon credits. The 636 ton-per-day 

expansion of Lee County's waste-to-energy plant is the first waste-to-energy capacity 

in the nation to sell its own carbon credits on the voluntary market” (Michaels, 2010). 

• To show its wide acceptance, the United States Conference of Mayors adopted a 

resolution in 2005 endorsing the U.S. Mayors Climate Protection Agreement, which 

identifies waste-to-energy as a clean, alternative energy source which can help reduce 

greenhouse gas emissions. (Michaels, 2010) 

• Unfortunately, there have been some setbacks. For instance, the Supreme Court 

Carbone ruling on “Flow Control” in 1994 (C & A Carbone v. Town of Clarkstown, 

http://www.epa.gov/osw/conserve/rrr/rmd/rei-rw/charttx.htm#c3
http://www.epa.gov/osw/conserve/rrr/rmd/rei-rw/charttx.htm#c3
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New York, 511 U.S. 383) forced many major urban areas in the U.S. to opt for long 

distance transport of their solid wastes to newly built giant landfills; and stopped the 

growth of this useful energy producing technology in the U.S.  Consequently, since 

1995, there have been no new WTE plants built in the U.S. A more recent Supreme 

Court decision on Flow Control has restored the ability of communities to control the 

flow of wastes to WTE facilities. (American Society of Mechanical Engineers-ASME, 

n.d) 

• Michaels (2009) reported that the 87 waste-to-Energy plants in the US combust more 

than 90,000 tonnes of waste each day. If a  typical WtE plant generates about 550 

kilowatt hours (kWh) per ton of waste  (Kaplan, Decaloris and Thornelope, 2009), at 

an average price of twelve cents per kWh (Saving Electricity, n.d.)(Saving Electricity, 

n.d.),  revenues per ton of solid waste would be about $66. But using current available 

technology, it will even produce far more than this revenue. From table 6 above, 

current technology produce up to 850 kWh per tonne of ‘waste’, hence we should be 

looking at $66 to $102 per tonne of ‘waste’. By the available WtE technology, that 

should be more than $918,000,000 in revenue daily, which will total more than US 

$335 billion annually. 

• The U.S. WtE industry recovers and recycles over 770,000 tons of ferrous scrap metal 

annually from the combustion ash residue (Wiles and Shephard, 1999). 
 

At some 

facilities, non-ferrous metals are also removed through the use of “eddy current 

separators” that cause these materials to literally jump out of the remaining ash and 

into a recovery area. Metal processors sort this mixed metal into brass, aluminum, 

copper and other base metals. (Arcaini, 2000). 
 

The remaining ash can be used in the 

construction and maintenance of landfills and as an aggregate in construction (Lucido, 

2000; Roethel and  Breslin, 1995). 

•  The renewable electricity produced at these facilities is so valuable that US Congress 

included WtE in the Section 45 Production Tax Credit to encourage development of 

waste-to-energy and other renewable technologies. WtE is designated as renewable by 

the 2005 Energy Policy Act, by the US Department of Energy (DOE), and by twenty-

three state governments. Furthermore, WtE has been recognized as renewable in federal 

law for more than 30 years.  Statutes that define WtE as renewable as of January 2010 

include: (Michaels, 2010 and World Economic Forum, 2009); 

American Recovery and Reinvestment Act of 2009, Energy Policy Act of 2005,  

Federal Power Act, Public Utility Regulatory Policy Act (PURPA) of 1978 

Biomass Research and Development Act of 2000, Pacific Northwest Power Planning 

and Conservation Act, Internal Revenue Code (Section 45), Executive Orders 13123 

and 13423, Federal Energy Regulatory Commissions Regulations (18 CFR.Ch. I, 4/96 

Edition, Sec. 292.204) 

• With the majority of America’s energy currently being produced by fossil fuel-fired 

power plants, the steam and renewable electricity generated by the nation’s 87 WtE 

plants are valuable commodities. These WtE facilities have a power generating 

capacity of nearly 2,700 megawatts of clean electricity. Unlike other types of 

renewable resources, WtE is considered base load power that operates 24 hours per 

day, 365 days per year. As a result, these facilities reliably generate approximately 17 

billion kilowatt hours of electricity per year—enough to power approximately 2 

million American homes.  This accounts for nearly 20 percent of all renewable 

electricity generation in the United States. (Energy Recovery Council, n.d.). 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

  

 

 

 

5.0 Discussion 

 

5.1 The European Union (EU) Position 

 

The EU has pioneered waste legislation since 1975 and has been consistent in updating the 

waste management legislations since then. The latest being the Directive 2008/98/EC 

(Directive) (European Commission, 2008), which repealed some of the previous Directives 

and amended others in such a way as to create an integrated approach to pollution control.  

You may be wondering why EU legislation is the focus here. It is because most waste 

legislations takes root from EU Parliament Directives and Decisions 

Therefore in line with the content of this paper, they following are worthy of note: 

• According to this Directive, the first objective of any waste policy should be to 

minimise the negative effects of the generation and management of waste on human 

health and the environment. Waste policy should also aim at reducing the use of 

resources, and favour the practical application of the waste hierarchy.  

• The new Waste Framework Directive marks a shift away from thinking about waste as 

an unwanted burden to seeing it as a valued resource (Figure 5-1).  The Directive 

establishes a five-step waste hierarchy (from the initial 3R-reduce, re-use and recycle) 

through which waste prevention (reduce) is regarded as the most desirable option, 

followed by preparing waste for re-use, recycling and other recovery, including energy 

recovery, with disposal as the last resort.  

• Paragraph 22 of the introduction of the Directive (in part) points out that the decision 

that a substance is not waste can be taken only on the basis of a coordinated approach, 

to be regularly updated, and where this is consistent with the protection of the 

environment and human health. This is inconsistent with the listing of possible 

category of waste for which ‘end-of-waste status’ should be applied, even though it 

included ‘among others’ as an indication that it is not exhaustive. 

 

• Article 6 specified the conditions for ‘end-of-waste status’ with emphasis on 

availability of market and demand for the substance or object; and common use for 

specific purpose. 

 

• The Directive equally noted that ‘recovery operation’ should be in such a way that 

there is no risk to human health and no harm to the environment-Article 10-following 

the laid down hierarchy in Figure 9. 

 

• With the Directive comes the RI-Formula:   

 

R1 = (Ep - (Ef + Ei))/(0.97 × (Ew + Ef)) 

Where:  

•  Ep: annual energy produced as heat or electricity.  

It is calculated with energy in the form of electricity being multiplied by 2.6 and heat 

produced for commercial use multiplied by 1.1 (GJ/a) 

•  Ef: annual energy input to the system from fuels contributing to the production of 

steam (GJ/a) 

•  Ew: annual energy contained in the treated waste calculated using the net calorific 

value of the waste (GJ/a) 

• Ei: annual energy imported excluding Ew and Ef (GJ/a) 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008L0098:EN:NOT
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• 0.97 is a factor accounting for energy losses due to bottom ash and radiation 

 

To qualify as a resource recovery plant, the R1 must be: 

≥ 0.60 (plant permitted before 1 January 2009) 

≥ 0.65 (plant permitted after 31 December 2008) 

 

 

 
Figure 5-1: EU Concept and Definition relating to Waste Management 

(Source: European Commission, 2012) 

 

 

 

1.2 The view of this paper 

1. From all indication, the issue here is with WtE as a recovery process. Other recovery 

processes can easily be accepted as healthy processes and as such welcomed into ‘end-of-

waste status’ when complete recovery is done based on WFD. But from the rundown of our 

discussion, it is pertinent to note that WtE is even more qualified to go into ‘end-of-waste 

status’. (Thorneloe, Weitz and Jambeck, 2005 and 2007) 

2. Some of us still confuse modern WtE plants with incinerators of the past. But from 

available literature it is clear that the environmental performance of the industry is beyond 

reproach. Studies have shown that communities that employ WtE technology have higher 

recycling rates than communities that do not utilize WtE due to the recovery of ferrous and 

non-ferrous metals. In addition, numerous studies have determined that WtE plants actually 

reduce the amount of greenhouse gases that enter the atmosphere if complete LCA is carried 

out considering the energy that will be spent to explore, recover, process and transport fuel 

(or virgin materials) from distance sources. Therefore, WtE find value in what people refer to 

as garbage. 

3. The concept of environmental risk as the bases for legislating on waste management is 

okay but incorporating the benefits as being enjoyed because of innovative technological 

advances is necessary. 

By the natural equation of nature, there is nothing like waste. Everything is made for 

something. Carbon dioxide (CO2) is needed for photosynthesis, which is an important 

component of life and existence. It was the explosion of science that caused the 

disequilibrium in the equation of nature which led to CO2 being treated as a problem.  That is 
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how we are where we are today in this dilemma of waste management palaver. But thank 

God that the same science is coming to a rescue. Therefore, what we are saying is that the 

definition of waste should follow the trend as dictated by science, at least for the purpose of 

tagging man a wasteful being. Since naturally, everything in nature is made for something, 

the waste that is generated by man is inevitable and is one way of completing the equilibrium 

in the equation of nature. If there is no waste from man, there will be disequilibrium. Taking 

advantage of the available technology, a material is therefore classified as waste only when it 

cannot certify man’s need as a re-usable material, recyclable material or used for the 

provision of energy.  Therefore, at every point, ‘waste’ equally has the chance of becoming a 

resource until it gets to the final journey of being disposed. The Principality of Monaco 

imported 32.6 per cent of her annual waste production in 2009 (Table 3:1) from France and 

Italy, for the purpose of utilizing them in their WtE system. The question now is; was it 

imported as waste or as raw material for thermal production of electricity?  

 

We are not changing the law; the materials are wastes at the point of collection as 

“discarded”. But have the chance of coming out of waste the next moment, either as a 

reusable, recyclable or for energy recovery. It is after those tests that the materials will finally 

become waste. This will make it possible for proper handling to protect the environment and 

human health. 

Therefore the case of ordinary disposal operation is not a problem. The difficulties are in 

reuse, recycling and energy recovery because one person’s waste is another person’s 

resource. 

The definition of “Recovery” in Directive 2008/98/EC -“…..any operation the principal result 

of which is waste serving a useful purpose by replacing other materials which would 

otherwise have been used to fulfil a particular function, or waste being prepared to fulfil that 

function, in the plant or in the wider economy…..”, is clear, but  Annex 1 listed ‘incineration 

to land’ as a disposal operation. This notwithstanding, by the analysis provided so far as a 

result of the clean energy produce by this process, it is no longer objective to refer to WtE as 

incinerator and a disposal process. 

 

5.2.1 My Definition of Waste 

 

In relation to current technologies, waste management hierarchy, and the new EU Directive 

2008/98/EC, waste is therefore defined as: 

 

Residual materials which are as a result of human 

activities which cannot be reused or recovered as a resource, 

recycled into material production processes or 

thermally/biologically utilized for energy production. 
 

In this concept, the mode of computing per capita waste generation needs to be reviewed to 

justify the figures that are being presented around the world. If ‘waste’ is recovered and 

applied to certify human need in a manner that it is no more harmful to the society and the 

environment, it should seize to be ‘waste’, hence subtracted from the ‘waste’ stream. 

 

Therefore, for this purpose, the EU waste hierarchy in Figure 5-1 is modified to Figure 5-2. 
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Figure 5-2: Modified Concept and Definition relating to Waste Management 

 

 

So that material flow diagram will be as in Figure 5-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-3: Material Flow Diagram 
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Therefore, the per capita waste generation from table 3-1 will be recomputed to reflect the 

recoveries that have been made. Figure 5-4 shows the changes that will result from that 

decision. 
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Figure 5-4: Comparing per capita waste generation based on the different scenarios 
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5.2.2 Comparing Resource Extraction from Waste and Virgin Material 

 

Looking at the resource extraction flow from waste and from virgin material in Figure 13, it 

is clear that we are interpreting the same processes in different ways-virgin raw material 

results from a mining pit after removing the residual waste that came with it from the mining 

process. Before that, all are handled as raw material while the processing is done resulting to 

some waste. In the case of waste, the bulk generated wastes are treated as wastes, while 

allowing recovery processes to bring out the resources in them before disposal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-5: Comparing resource extractions from waste and virgin material 

 

6.0 Conclusion 

It is important to note that (with emphasis) we are not trying to change the legal definition of 

‘waste’, we are only reiterating the need to fulfil the fullness of the laws and opinions on 

‘recovery’. In that manner, seize to refer to the recovered materials as ‘waste’ especially in 

the context of the economic and social impact including environmental contribution of those 

materials as resources. Therefore; 

• There should be a sound implementation and enforcement of existing legislations. 

• Materials that seize to be waste (base on the ‘end-of-waste status’ and ‘recovery’) 

should be recognised as such and subtracted from the total waste stream while keeping 

the records. 
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• Directive 2008/1/EC recognised the problem of using different approaches to control 

emissions into air, water or soil and rooted for an integrated approach to pollution 

control. (European Commission, 2008a). This should be the situation in thermal 

production of energy. Treating some thermal production of energy as combustion and 

others as incineration is not consistent with this principle and in relation with the 

available technology. 

• The intrinsic value of materials have to be recognised by having a truly integrated 

policy framework that must create that locks between resource and energy use, 

production, consumption and waste management . 

• The actual value of per capita generation should be based on the final figure after 

removing the recovered material as long as the records are available. 

• Waste and development are two sides of the same coin; hence efforts should continue 

to be made in handling the waste stream, as it must be present as long as man exists. 

• The value of ‘waste’ will continue to grow with improved technology. 

• ‘Bring system’ will emerge with the increase in value of ‘waste’. 

• We for see the ‘waste’ industry evolving from disposal sector to a supply sector, at the 

pace of technological evolution. 

• The issues raised in this paper provide a contribution to the debate on future waste 

policy across the world. 

• ‘Waste’ management should be seen in the context of sustainable development 

approach in which economic, social and environmental considerations work together 

to create a greener economy based on quality of life whilst using resources more 

effectively. 

• We cannot be driving for “Resource Efficiency” and still be referring to recovered 

resources as ‘waste’. 

• ‘Wastes’ cannot produce services, products, energy, etc; it is only resources that satisfy 

human needs.  

• Governments and Organizations around the world should be consistent in legislating in 

the field of ‘waste’, products and materials. 

• The footprint of technology should be recognised and encouraged through legislations 

to accept the ‘wastes’ that are being managed as resources while still protecting the 

environment and health of humanity. 

• Mathew R. Simons (2000) in his book “Revisiting The Limit To Growth: Could The 

Club of Rome Have Been Correct, After All?” concluded that it is technology and 

efficiency that won, in his reaction to the prediction of “The Limit To Growth” 

(Meadows, Meadows Randers and Behreus III, 1972). 

• The proposal to ban landfilling is not feasible until we recognise that those materials 

are not ‘waste’. 

• With the emergence of ‘R1-Formula’, the migration of WtE plants from ‘waste 

disposal’ facility to ‘resource recovery’ status as enshrined in ‘recovery’ definition in 

WFD should be more mathematical than political. There should be a level plain 

ground, because with what is on the ground technologically, the threshold will be 

surpassed, if not now, in a not too distant time. 
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