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5.1 Introduction
The European Union has adopted a hierarchical appah to solid waste manage-
ment, including final waste disposal options. Firsbf all, waste should be reduced,
otherwise recycled, next incinerated and, only ifething else works, landfilled. The
EU confirmed this hierarchy in preparing its direttes on landfilling and incinera-
tion:

“The 1996 Commission Communication on the reviewthie Com-

munity Strategy for Waste Management confirmed thegnarchy of

waste principles established by the Communication 4B89. The

principle of prevention of waste generation remainthe first priority,

followed by recovery and finally by the safe dispokaf waste i.e.

landfilling. In the Community Waste Strategy landlfing represents

the option of last resort because it can have substantial negative

impacts on the environment. ... Landfilling as a wasmanagement

method has no effect on the prevention of waste and does not make

use of waste as a resource, which has a higher prity in the Com-
munity Waste Strategy.”

(COM(97), p. 3)

Apparently, the hierarchical approach of the Europe& Commission relies on a
rather asymmetric judgment in comparing the diffenet waste strategies. For ex-
ample, it does include environmental costs for larfiling, but only stresses envi-

ronmental benefits for the other options. Also, itsecent directive on landfilling

« The authors work at the Erasmus University Rotterdam (SEOR and the Rotterdam  School of
Economics). Contact: dijkgraaf@few.eur.nl, T.: 31 1 04082590, Room H 6-11, P.O. Box 1738, 3000
DR, Rotterdam, The Netherlands.
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prohibits flammable waste being landfilled (see CO@9)31), while it remains
unclear whether private costs have to play a rola idecisions regarding waste

disposal options by Member States.

In this paper we ask whether available social cosienefit evaluations of waste
disposal provide some support for this strict hierechy. The next section discusses
the structure of a social cost-benefit analysis pnmer in this case of final waste
disposal options (landfilling and incineration) andrecycling. The third section
provides a summary of the available literature, mainly from country-spéici re-
search reports. The fourth section analyses welfatesses if treatment options are
chosen that are not in accordance with the outcom#f these studies. The fifth

section evaluates the findings in the literature. fie last section concludes.

5.2 Choosing between waste disposal options

Ideally, the strategic choice between waste strategs should be based on proper
social cost-benefit estimates of different optionsNot only is it important to find
individual welfare weights for the different disposl options and their associated
externalities, but also disposal costs provide impdant information. As individual
welfare weights are inherently difficult to get, tle literature usually restricts its
analysis to cost-cost evaluations. The best optiom such a case is simply defined
as that waste disposal technology that minimises sdal cost at the margin. Obvi-
ously, how much waste should be recycled, incineratl and/or landfilled depends
on the overall social cost function, viz. on the nrginal cost of all options together.
It is only optimal for the government to dispose ots waste through all options if
the marginal social costs of the three opportunitis are equal for a given amount of
waste to be treated. If, for instance, the marginadocial cost of landfilling exceeds

the marginal social cost of incineration for a give range of waste to be processed,

81



Environmental Assessment Institute Rethinking the Wa  ste Hierarchy

the government should incinerate all waste from acgial cost perspective and vice

versa™®

The social cost of waste disposal methods, first dll, includes the private and
direct environmental cost of the disposal technologs. For a given technology,
whether this is recycling, landfilling or incineration, private costsnclude labour
and the capital cost of operation and maintenancédirect environmental costs are
related to the set of environmental externalities ba specific technology, in par-
ticular emissions to air, water and soil. Indeed, the seif externalities widely dif-
fers across different specific technologies. Moreover, there is a clear link between
private and environmental cost. In general, with ger measures against emis-
sions to air, water and soil, private cost can be @ected to be higher whereas

environmental cost will be lower.

Apart from these direct costs related to final wastdisposal technologies, one has
to take appropriate account of the jointnesd characteristics of the different waste
disposal methods. Indeed, due to their jointness chracteristics, recycling, land-
filling and incineration not only affect the procesing of final waste, but also -
indirectly - the private and environmental cost aénergy and materials produc-
tion.®? By choosing a specific technology, the government not only makes a deci-
sion regarding final waste reduction and its envinomental cost, but also the com-
position of energy production and the amount of matial recycling in the econ-

omy. This is particularly important because final aste disposal technologies differ

50 As the model used by Brisson (1997) is restricted to Lagrangian optim isation, corner solu-
tions are excluded beforehand. However, it is by no  means clear that such solutions would not
appear in practice.

51 Jointness means that incineration and landfilling not only results in the treatment of waste,
but also produces electricity (for landfilling) and electricity, heat, iron and aluminium (for
incineration). Thus, landfilling and incineration i nfluences not only the waste market but also

the market for energy and materials. At least the e  nvironmental
costs need to be taken into the picture of these jo  ined produced outputs as now less emissions
result in the materials and energy production plant S.
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widely in their potential for these jointly producel useful outputs. Moreover, each
different combination of functions produces a diffeent set of environmental exter-
nalities. The better a specific technology exploités recovery function, the more it

might save on both private and environmental costsf producing these outputs.

It is important to recognise that all disposal opthns potentially contribute to these
joint outputs, although they may differ in importan respects. Accordingly, a wide
variety of options are available for the governmerit choosing between different
waste disposal technologies and their joint contrilation to waste reduction, to-
gether with energy and material recovery. For ingtae, at one extreme there is a
modern, best practice landfill site, which not onlygenerates electricity, but also
runs a small risk of leakage. At the other extreméhere is an old-fashioned incin-
eration plant without electricity production and la&ing flue-gas abatement tech-
nologies to prevent air emissions including dioxinsNote that our approach re-
flects a much more general notion of how to choodmetween waste disposal op-
tions than is usually perceived in both waste thegrand policy. For instance, the
claim that waste incineration has become more faveoable in recent years due to
the growing potential for energy recovery is not re@ssarily true in the more gen-
eral framework we address. Such a claim requirescamparison of this technical
option with the social cost characteristics of othes, like recycling or a modern

landfilling site with energy recovery.

5.3 Break-even costs for recycling, incineration and lagifilling

This section summarises the available literature onomparing different waste
disposal options.

Brisson (1997) published in her PhD thesis a sociabst-benefit analysis of mu-
nicipal solid waste management for the representate or average EU country. She

analysed the waste hierarchy of (1) recycling (inafling composting), (2) incinera-

52 See Vollebergh (1997) for an application of this  cost-cost framework in the context of joint
production to biofuels and waste-to-energy incinera tion plants. Dijkgraaf and Vollebergh (2004)
have applied the same framework to the choice betwe en waste incineration and landfilling.
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tion and (3) landfilling. Her calculated private ath external costs of different waste
treatment options suggest that recycling is the bestreatment option from a social
cost-benefit point of view (see Table 1). Compostgnhowever, is not better than
other treatment options from a cost-benefit perspdove. Landfilling is always bet-
ter than composting, and also incineration is bettethan a bring system or sepa-
rate collection of compostable waste. Finally, thpreference of incineration above

landfilling cannot be confirmed on the basis of altelevant costs and benefits.

Table 1. Net social costs per waste-treatment option, average for EJ-countries (ecu
per tonne)

Bring system Co-collection kerbside Separate collecin

Recycling -170 -131 24
Landfill 92 91 96

Incineration (coal) 115 114 119
Incineration (EU-av:) 150 148 155
Composting 170 102 133

1. Incineration (coal) means incineration replacing fossil fuel use in coal fired electricity plants
and Incineration (EU-av.) means incineration replac ing fuel use of the average EU-plant.
Source: Brisson (1997)

Vollebergh (1997) calculated the social costs for #¢te-To-Energy plant in the
Netherlands. He explicitly distinguished between pvate and environmental costs
for both the waste and energy function of this technology. Landfilling has been
used here as the opportunity option for the wasteuhction and the average Dutch
fossil fuel energy reference system as the opportuty option for the energy sys-
tem. Table 2 summarises his findings. As both grogwivate costs and environ-
mental costs of waste processing by landfills tend to be rather low, the codisr
the electricity function of waste incineration arejuite high. His calculations show
that the preference of the Dutch government for wésincineration has raised the
social cost of waste processing and electricity pauction by Dfl. cts 18.2/kWh or
Dfl. 103,- per tonne waste (total cost of landfillig plus Fossil Fuel Based Reference
System generation). Thus the government implicitiyubsidises Waste-to-Energy
electricity through its waste management policy. Tdcost of this policy is partly

paid for by current consumers of electricity. Thdectricity consumers pay a price
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equal to the avoided cost of electricity generatioof Dfl. cts 7.3/kWh, while the
marginal cost to produce electricity from waste ialmost zero. Waste suppliers,
such as households and firms, have to pay the other Dfl. cts 10.9/kWh through
higher tariffs necessary to finance waste incinerain plants.

Table 2 Social Cost Calculation for Waste-to-Energy- and Fossil Fuel Generated
Hectricity (Dfl. cts/kWh)

PRIVATE Gross Private  Environmental  Total Cost
Cost Cost
Waste incineration:
- Electricity and Waste Function 414 2.4 43.8
- Opportunity Cost of Waste Function 13.1 - 0.5 - 13.6 -
Waste-to-Energy Function 28.3 1.9 30.2
Fossil Fuel Based Reference System (FFBE) 8.5 3.5 12.0

Source: Vollebergh (1997)

Ayalon et al. (2001) evaluate the cost-effectivenef different waste treatment
options from the perspective of greenhouse gas mgation according to the Kyoto
Protocol. They do not present a comprehensive casénefit analysis, but focus on
the investment costs of landfilling, incineration,aerobic composting and anaerobic
digestion. Operating and maintenance costs are natcluded because they are,
according to the authors, site specific, highly vaable and a function of a large
number of country-specific factors. The authors net however, that there is a
rough correlation between investment costs and opating and maintenance costs.
Figures are based on the situation in Israel, whemrganic waste is a large part of
municipal waste. In 2001 nearly all municipal wastén Israel was landfilled without
energy recovery. This makes investments in other tipns from a greenhouse gas

perspective potentially interesting.
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Table 3. Cost-efficiency greenhouse gas reduction Israel

Efficiency of CH4 Investment costs of  Annualised costs
reduction reduction
(% total CH4) (Euro/tonne CO2- (Euro/tonne CO2-
eq.) eq.)!

Landfilling with LFG flare 50 16 1.08
Landfilling with energy 50 40 2.70
recovery
Incineration 100 174 11.59
Aerobic composting 90 8 0.52
Anaerobic digestion 100 35 2.32

1. Calculated from US dollars using the exchange ra  te for 2001 (1 euro = 0.8956 dollars).
Source: Ayalon et al. (2001)

Aerobic composting has the lowest annualised cosjser unit of CO2-equivalents
reduced (see Table 3). In this option all organicaste is treated by the aerobic
composting plant, while some materials like paperd plastic are recycled and
non recyclable waste that cannot be treated by theerobic composting plant is
landfilled. Incineration is the worst option with &r higher costs than all other op-
tions. Strikingly, the second-best option is landfling with flaring of the methane

emitted from the landfill.

Nolan-Itu (2001) presents an evaluation of the kedide recycling system in Aus-
tralia. Based on data for 200 communities, total stal costs and benefits are cal-
culated for recycling compared with landfilling. Té authors find a net social bene-
fit for all recycling systems in use (see Table 4Jhis conclusion applies also for
less densely populated areas. Although the costs amease and benefits decrease
when population density falls, net social benefitsemain positive. However, not
much data are available for rural towns and remommunities, as kerbside

services are not often present in these regions.
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Table 4 et social costs kerbside collection compared with landfilling (euro)

System Net financial Environm. Net social
costs costs costs

($/hh./year) ($/hh./year) ($/hh./year)

Existing kerbside systems at current 23 -61 -38

yields

Existing kerbside systems at higher 22 -86 -64

yields

Kerbside recycling of paper and glass 16 -45 -29

only

Energy Recovery from Plastics & 24 -44 -20

Paper

Mechanical-Biological Treatment 50 -64 -14

(MBT)

1. Calculated from US dollars using the exchange ra  te for 2001 (1 euro = 0.8956 dollars).
Source: Nolan-Itu (2001)

Doberl et al. (2002) evaluate different waste managnent scenarios for municipal
solid waste and sewage sludge in Austria using a sbbenefit approach? The
authors include a large number of emissions of nindifferent waste treatment
scenario’s (see Table 5), apply shadow prices and @dhe private costs of the
different treatment options to these external costsThey especially focus on the
long-term effects as they account for emissions ithe next 10,000 years. Their
analysis shows that incineration is the best optionfollowed by mechanical-
biological treatment. Landfilling is the worst opton. That incineration performs
better than mechanical-biological treatment followdrom the fact that the residues
of incineration have a better quality. This savesmaissions in the landfilling phase

of the residues.

53 The authors use also a modified cost-effectivenessalysis. This last type of analysis allows to ihgde
the long-term impacts of the landfilled material. & the results of the cost-benefit analysis correspads to
those of the MCEA we only present results for cdsénefit analysis.
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Table 5 (st-benefit results Austria

Scenario Rank
order!
Status-quo continues, no change of waste managementeasures 8
Landfilling of untreated waste 9
Incineration without after-treatment 1
Incineration with cement stabilisation of the residies 2
High temperature treatment 3
Mechanical-biological treatment with the light fration from sorting and splitting 7
(LF) processed in a fluidised-bed furnace
Mechanical-biological treatment with the light fration from sorting and splitting 6
(LF) processed in a cement kiln
Mechanical-biological treatment with the heavy fraton of high calorific value 5
(HF) processed in an incinerator and the LF in a fluidised-bed furnace
Mechanical-biological treatment with the heavy fraton (HF) of high calorific 4

value processed in an incinerator and the LF in a cement kiln

1. Rank order based on cost-benefit analysis
Source: Doberl et.al. (2002)

As the time period of the analysis is very long, sikcounting seems to be important.
The authors, however, use a discount rate of zereferring to the precautionary
principle and the impossibility to estimate technéogical progress. They argue in
the paper that (p. 32):

“It is interesting to note, that the ranking of thescenarios does not

depend on the time period investigated (years, centuries, millenni-
ums) but is constant for all three cases.

The longer the observation period is, the more distct becomes the
advantage of thermal treatment.”

How distinct the position of thermal treatment isn the various periods is not clear

as the paper only presents figures for the long-tem effects.

Bruvoll and Nyborg (2002) analyse whether the recyrg efforts of households
should be integrated in cost-benefit calculations bwaste treatment options. They
show, based on a theoretical analysis, that this ishe case when government poli-

cies influence these efforts indirectly. Using datéor Norway they calculate that the
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willingness to pay for others to perform the sortig activities is 87 dollars per
tonne of waste. Compared with total treatment costthis is a significant contribu-

tion.

EPA (2002) presents a cost-benefit analysis of theeecycling options and incinera-
tion for plastic bottles. Recycling options diffewith respect to collection (only in
municipal recycling stations or also local) and thavay the bottles are treated after
collection (export to Germany or production of granulate in Denmark). Table 6
presents the results. On the basis of social costgcineration is much cheaper for
society than recycling. According to the authors th stems primarily from the much
higher collection costs for recycling. Sensitivitynalysis is performed by the
authors on a large number of variables. This showetat the ranking of options is

robust with only a few exceptions.

Table 6. Social costs in euro per tonne of waste

Option Collection Treatment Private Environmental Social

Incinera- With other waste Incineration plant 178 119 297

tion

Recycling Municipal and local Granulate in 521 52 573
stations Denmark

Recycling Municipal and local Export to Germany 407 85 492
stations

Recycling Municipal stations Export to Germany 280 49 K32

1. Using the 2002 conversion rate (7.4 DKK/EUR)

EPA (2003) analyses the costs and benefits of inases in the recycling of organic
waste. This analysis shows that incineration is ctaper for society than anaerobic
digestion or central composting. Although treatmenis cheaper for these last two
options this is more than compensated by the muchigher collection costs. Exter-
nal costs were low for all options and were only responsible for 5 to 10% of net
social costs. Sensitivity analysis shows that in geeral the conclusions are not

dependent on the assumptions made.
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Vigsoe & Andersen (2002) presents a cost-benefit egarison of the collection and
recycling of drink containers with incineration. Using data for Denmark, where a
refund system was just put into use, the report carudes that the costs of the

deposit system are relatively high compared with # environmental benefits.

Petersen & Andersen (2002) compares the costs and benefits of paper
recycling and the use of paper for energy recovetWhile the last option is
forbidden in Denmark, a social cost-benefit analysishows that energy
recovery saves net social cos®. Not only is the market price lower than
for coal (compared on the basis of the same energpntent), using paper

instead of coal saves CO2 emissions.

Table 7. Net social cost (Euro) per tonne liquid board container collected

Unsorted waste Sorted at source
Collection system Delivery system
Landfill Incineration ~ WTE Mixed Separate
Private costs
- Household 0 0 0 188 188 232
- Collection/sorting 92 92 92 272 67 85
- Treatment 73 81 107 438 438 438
- Savings 0 0 -51 -64 -64 -64
- Net 165 173 148 834 629 691
Environmental costs
- Treatment 139 86 27 5 5 5
- Savings -45 -34 -34 -34
- Net 139 86 -18 -29 -29 -29
Net social costs 304 259 130 805 600 662
Notes:

1. WTE = Waste to energy (Incineration with energy recovery)
2. Use of time and resources.
Source: Ibenholt and Lindhjem (2003)

Ibenholt and Lindhjem (2003) analyse whether sepata collection and recycling of
liquid board containers is a better option than incineration or landfilling from a
social cost-benefit analysis. They show, using datior Norway, that separate col-

lection and recycling is very expensive as liquiddard containers are only a small

54 The result is based on incinerabn of five percentage of the paper recycled in Denmark andhty
valid when the price for mixed paper is low.
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part of total waste. Incineration with energy recary is the option with the lowest

net-social costs compared with landfilling and recying (see Table 7).

Rasmussen & Reimann (2004) analyse whether the gritmof municipal solid

waste should be accommodated by increasing the capity of waste incineration
plants or by using waste as a substitute of fossfuels in private production plants.
Although no gains can be made by transferring waste from exisgj waste incinera-
tion plants to private production plants, this conclusion does not hold for waste
not currently incinerated. Net social benefits aris if the capacity of private produc-

tion plants is used.

Table 8. Net social cost estimates for landfilling and incineration (euro per tonne)

Landfilling Incineration
Gross Environmental costs
- Emissions to air 5.84 17.26
- Emissions to water 0.00 0.00
- Chemical waste 2.63 28.69
- Land use 17.88 0.00
Total 26.35 45.95
Environmental cost savings
- Energy function -4.21 -22.55
- Materials function -0.00 -5.76
Net environmental costs 22.14 17.64
Gross private costs 40.00 103.00
Private cost savings
- energy function -4.00 -21.00
- materials function 0.00 -3.00
Net private costs 36.00 79.00
Net social costs 58.14 96.64

Source: Dijkgraaf and Vollebergh (2004)

Dijkgraaf and Vollebergh (2004) present a social st-benefit analysis for landfill-
ing versus incineration in the Netherlands. The datprovide support for the wide-
spread policy preference for incineration over larfdling, but only if the analysis is
restricted to environmental costs alone and includesavings of both energy and
material recovery (see Table 8). Gross private cost®wever, are so much higher

for incineration, that landfilling is the social cast minimising option at the margin,
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even in a densely populated country such as the Nwedrlands. Furthermore, they
show that results generalise to other European cotmies and probably to the US.
Implications for waste policy are discussed as welProper treatment at, and en-
ergy recovery from landfills seem to be the most important targets for waspolicy.
Finally, this study confirms the earlier estimatesf Vollebergh (1997) that Waste-

to-Energy plants are a very expensive way to save cimate change emissions.

Table 9 presents an overview of the studies discued so far. Each row gives the
ranking of the treatment options analysed in the paers. A number of conclusions
appear from the table:

Recycling, which is the best option according to thEU hierarchy, is not always the
best option according to cost-benefit studies. In three studies other options are
preferred, while also three studies confirm the Eblierarchy. Thus, evidence exists
that recycling is not always the best treatment opan. This stems mostly from the
sometimes very high collection costs if waste haotbe separately collected. This
shows the importance to account for waste as a hetagyeneous commaodity.
Composting, which is included in recycling in the & hierarchy, is the preferred
option only in one study which also restricts its malyses to greenhouse gases. Two
other studies find that incineration or even all dter options are preferable to com-
posting.

Incineration, which is preferred in the EU hierarghabove landfilling, is preferred

to landfilling from a social cost perspective in tw studies. However, three other
studies find that landfilling is the best option. Acordingly, the EU hierarchy does

not seem to be supported by the available cost-befiestudies.
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Table 9. Qverview studies (rank order)

Recy- Compost- Incinera- Landfill-

Study Type of waste cling ing tion CFEP ing
Brisson (1997) General 1 4 3 2
Vollebergh (1997) Burnable 2 1
Ayalon (2001) Compostable 1 3
Nolan-Itu (2001) Recyclables 1
Déberl et al. (2002) General 1 2
EPA (2002) Plastic bottles 2 1
EPA (2003) Compostable 2 1
Vigsoe & Andersen  One-way drink con-
(2002) tainers 2 1
Petersen & Andersen Paper
(2002) P 2 1

Liquid board contain-
Ibenholt et al. (2003) ors 3 1 5
Rasmussen & Reiman&eneral
(2004) 2 1
Dijkgraaf & Volle-
bergh(2004) General 2 1

Note: CFEP = Coal-fired electricity plant.

5.4  Welfare loss of suboptimal strategies

Welfare losses of second or even third-best treatmeoptions can be substantial.

Let us take the findings for landfilling and incineration as reported by Dijkgraaf and

Vollebergh (2004) as an example. Table 10 givestime second column estimated
figures for the total residential waste collectedn EU countries (see Dijkgraaf et al.,
2001, for calculation method). In the third and forth columns the net private and
net environmental cost per tonne of waste (see T&b8) are multiplied by these
guantities. Thus, the fifth column gives an estimabn of total social costs. The last
three columns repeat this exercise for the situatio when waste is not landfilled

but incinerated. It shows that total social costs ee Euro 6.1 billion lower if land-

filling is chosen instead of incineration.
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Table 10 Social costs households landfilling versus incineration in million euro (waste in
Mtonne)

Total Costs if all waste is Landfilled Costs if all waste is incinerated

waste | Private  Environmental  Social | Private  Environmental  Social
Belgium 3 112 69 181 245 55 300
Denmark 3 108 66 174 237 53 290
Germany 25 901 554 1455 1977 442 2419
Finland 2 75 46 121 164 37 201
France 24 857 527 1385 1881 420 2301
Greece 5 192 118 309 420 94 514
Ireland 2 67 41 108 146 33 179
Italy 29 1036 637 1672 2273 507 2780
Luxembourg 0 5 3 8 10 2 13
Netherlands 5 173 106 280 380 85 465
Austria 2 89 54 143 194 43 238
Portugal 5 181 111 292 396 88 485
Spain 20 712 438 1150 1563 349 1912
UK 30 1067 656 1724 2342 523 2866
Sweden 4 129 79 208 283 63 346
Total EU 158 5702 3507 9209] 12514 2794 15308

5.5 Evaluation
This section briefly discusses some qualificationgith respect to the studies dis-
cussed so far:

i) Firstly, only few of these papers have been published in referred in-
ternational scientific journals. Therefore the quaty of the papers is
likely to vary substantially. However, a meta-analysis, for instance by
checking the framework described in section 5.2, ibeyond the
scope of our contribution.

i) Second, a number of studies are not very cleabaut the shadow
prices used to monetarise emissions. While some diiies explicitly
mention the values used (for example EPA (2002),AR003) and
Dijkgraaf and Vollebergh (2004), others only mentiothat emissions

are monetarised, but not how.
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ii)

Vi)

vii)

Third, some studies use a dynamic approach butithout discounting
like the study of Dbberl et al. (2002). Indeed, it certainly valid to
challenge the idea of discounting in view of the gcautionary prin-
ciple, and hyperbolic discounting may also be an stie here. Simply
disregarding discounting, however, is a very debatde assumption.
Fourth, not many studies account for local andational circum-
stances that may prevent generalisation of their milts to other ar-
eas or countries Exceptions are Brisson (1997) amdljkgraaf and
Vollebergh (2004), who explicitly address the apptiability of their
calculations to other countries.

Fifth, the definition of private costs is often nclear and this may
substantially affect outcomes. For instance, it seesilikely that a
number of studies use figures for inefficient plarg. Furthermore, pri-
vate costs in the status quo are usually the consegnce of previous
policy choices and make comparisons over time mothfficult;

Sixth, the benefits of landfilling are not alwag properly defined.
Dijkgraaf and Vollebergh (2004) showed that usingmissions of
methane as a source of energy production greatlyfloences the so-
cial costs of landfilling versus incineration (seé-ullerton, 2004 for a
similar result). The reason is not only savings oenergy production,
but mainly the much lower emissions to the air if ethane is col-
lected and used as an energy source. This illustieg the importance
to base cost-benefit analysis for strategic policy choices on the best
available techniques.

Finally, the benefits of incineration are sométes too large. As in-
cineration saves energy production in electricity l|ants, the saved
environmental costs due to lower emissions are sutzcted from
gross external costs. It is important to know the ssumption about
the energy reference system of electricity plantSome studies as-
sume that this is a coal-fired electricity plant. Haever, using substi-

tutes (like gas-fired power plants or even hydro awvind power)
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would result in much lower benefits for incineratio because fewer
emissions would be saved. This illustrates once agahow sensitive

specific analyses are to local circumstances.

These qualifications illustrate that the comparisonn Table 9 should be interpreted
with care. Without further research and more knowtige about the underlying

assumptions one should be careful in interpretingte results of these studies.

5.6 Conclusions

We have shown that the available social cost-bené8tudies raise serious doubts
on the current waste hierarchy advocated within thEU. For instance, WTE plants
reduce the net social costs of final waste disposainly if waste incineration with-
out energy recovery is applied already, or if infedructures for the use of heat exist
in the status quo. It may also be questioned whethehe overall environmental
cost savings from the current hierarchy are largeneugh to compensate for the
sometimes substantial larger private cost. Becauseaste is heterogeneous and
local circumstances differ substantially (for instace in terms of local environment
or the existing energy system), a one-size-fits-aflolution is rather unlikely. In-
deed, a lot more should be done in terms of prop&ost-benefit evaluations of
existing waste policies. In particular, not much hetbeen done yet on the cost and

benefit evaluation of recycling in practice.
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