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1 Impacts of Incineration
This appendix examines the impacts on different receptors of incineration:

• emissions to air (Section 1.1)

• emissions of wastewater (Section 1.2)

• solid waste residues (Section 1.3)

• energy recovery (displaced impacts in Section 1.4)

• disamenity (Section 1.5)

• the risk of accidents (Section 1.6).

1.1 Impacts of Air Emissions

1.1.1 Emissions to Air
Emission limits More stringent emission standards than the standards in the existing Directive

on the incineration of municipal waste 89/369/EEC have been drafted. . The
Council reached a political agreement on a Common Position (2000/C 25/02)
regarding the proposed Directive on the incineration of waste, which was
adopted in November 1999. The Directive is expected to be adopted by the end
of the year 2000.

Table 1.1 below shows the proposed and existing EU air emission limit values1.
Substances that are typically found in the flue gas and emitted into the air via
the smoke stack include particulates (dust), dioxins2, heavy metals and their
compounds (incl. cadmium (Cd), thallium (Tl), mercury (Hg)), acid gases (SO2,
HCl, HF), nitrogen oxides (NOx), carbon monoxide (CO) and volatile organic
compounds (VOCs).

Additional emissions to air from incineration plants occur, although no emis-
sion limits exist. Among these emissions are carbon dioxide (CO2), noise and
odour. Limits for the latter two emissions are often set in plant licences by na-
                                                  
1 Amendments made during the second reading in the Parliament and suggested in the
Commission's Compromise Paper do not affect the emission limits to air from incineration
plants.
2 "Dioxins" refers to the total concentration of dioxins and furans, including PCDDs and
PCDFs, as defined in Annex 1,Common Position (2000/C 25/02).

Other emissions
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tional environmental authorities, and are mainly considered as disamenity ef-
fects.

Table 1.1 Limit values for air emissions from incineration plants (mg/Nm3 unless oth-
erwise indicated).

Emissions Proposed EU Limits
 Common Position

(2000/C 25/02)

Existing Limits
89/369/EEC

CO2 - -

Total dust* 10 30

CO 50 100

SO2 50 300

NO2 200 -

HCl 10 50

HF 1 2

Cd + Tl 0.05 -

Hg 0.05 -

Cd + Hg - 0.2

Other heavy metals 0.5 ** 6 ***

Dioxins 0.1 ng/Nm3 -

VOCs (TOC)3 10 20

* Total dust includes particulates (PM10)
** Sum of Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, and Sn
*** Sum of Pb, Cr, Cu, and Mn is 5 mg/Nm3; and Ni + As is 1 mg/Nm3

Flue gas treatment Flue gas treatment technologies used to reduce atmospheric emissions at an
incineration plant can include:

• electrostatic precipitator or bag filter for particulates
• dry, semidry or wet scrubber process for acid gases such as SO2, HCl and

HF
• recirculating the flue gas and/or using Selective Non-Catalytic Reduction

(SNCR) or Selective Catalytic Reduction (SCR) technology for NOx emis-
sions

• activated carbon injection for dioxins and heavy metals (optimising oper-
ating conditions can also limit dioxins formation).

Air quality standards In addition to meeting the limits for atmospheric emissions, new incineration
plants are typically required to predict air pollution concentrations to document
that their (future) impact on air quality is acceptable. The quantity and compo-

                                                  
3 Volatile Organic Compounds (VOCs) are expressed as Total Organic Carbon (TOC)
emitted to air.
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sition of flue gas produced per tonne of waste can vary between incineration
plants, which means that the absolute emissions of certain pollutants can vary.
For example, emissions of CO generally indicate the degree to which waste is
incinerated; lower carbon monoxide emissions are a sign of combustion that is
more complete and cleaner flue gas. Air quality standards set by the national
environmental authorities must be met, including immediately downwind of the
plant.

1.1.2 Impact Pathways
The ExternE project (ExternE, 1995) has made a large effort to gather informa-
tion and assess the progress made in quantifying environmental and health
damages associated with emissions from different energy sources in Europe.
These findings are considered applicable to air emissions from incineration
plants, and therefore summary of the main findings are given below.

The ExternE project covers the emission of particulates, NOx, SO2, CO, VOCs
and CO2.

When assessing the impacts of the emissions it is necessary to assess first the
fate of the substances emitted, then the exposure of receptors, and finally the
damage from the exposure.

The pollutants are dispersed in the atmosphere, and resulting concentrations
depend i.a. on distance from the incineration plant, topography, wind speed and
direction, and other climatic conditions, as well as the stability of the substance
and its residence time in the atmosphere. In ExternE, two types of models were
used to model the transportation and transformation of air emissions4:

1. Gaussian Plume Models (GPM) for distances less than 50 km from the
source.

2. Trajectory Models (TM) for distances greater than 50 km from the source.

For short distances, the chemical reactions in the atmosphere only have a lim-
ited influence on the concentrations of the primary pollutants. However, the
atmospheric conditions, especially wind conditions and vertical turbulence,
have a great influence on the transportation. The GPM are commonly used to
describe local air pollution effects. These models take into account the distance
from the source, emission height, average wind speed and distribution of wind
direction, turbulence conditions and topography, and they are therefore used to
assess the transportation over short distances.

Further away from the source the pollutants spread more evenly in the lower
atmospheric layer up to an altitude of 800 m. In this way more simple trans-
portation models can be used. Such models (TM) describe the concentration of
pollutants on the basis of average wind speeds and distribution of wind direc-

                                                  
4 Excluding CO2 which is modelled with other models.

The ExternE project

Fate
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tion, as well as the transformation rates of some chemical substances and the
deposition rates. The substances are dispersed over large distances and a large
part of the total exposure therefore happens to people far away from the source,
which is why the model area includes all of Europe.

The models in the ExternE project calculate transportation factors (µg/m3 per
tonne/year) for the geographical area considered. For local effects, this is an
area of 100 km by 100 km around the source, and the area is further divided
into squares of 10 km by 10 km for which transportation factors are calculated.
For the regional effects, all of Europe is divided into squares of 100 km by 100
km.

The above mentioned squares are consistent with the small and large squares of
the so-called EUROGRID system, which is the foundation for the EUROSTAT
REGIO database that contains information about the geographical distribution
of receptors (people, crops and buildings). The total population exposure (per-
son µg/m3 per tonne/year) is calculated by summing over the population multi-
plied by the transportation factor for each square, and similarly for crops and
buildings.

The exposure-response factors translate the change in exposure from air pollu-
tion into effects in form of damages to health, crops etc.

The health effects mortality and morbidity are considered the most important in
the ExternE project. This is because the valuation of a statistical life is typically
quite high and therefore health damages constitute a large part of the external
costs. In terms of mortality, the ExternE project distinguishes between acute
and chronic mortality. Acute mortality occurs if death is caused immediately
after exposure, whereas chronic mortality is caused by fatal diseases such as
lung cancer that lead to death over a longer time period.

In terms of morbidity, ExternE measures the effects by dividing into the fol-
lowing categories:

• hospitalisation
• emergency room visits
• bronchitis
• restricted activity days (RAD)
• asthma attacks
• symptom days.

Further damage types considered in the ExternE project are lower agricultural
yield, forest die-back, damage to buildings and climatic effects.

The slope of the exposure-response function (fCR) is given for pollutants, as
adapted and recommended by the ExternE Programme in Rabl et al (1998).
Rabl et al (1998) use the slope (fCR) in the following general equation ("uniform
world model") to estimate damages (D) over a given land area:

Exposure

Exposure-response
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uniCRρ=

where Q is the flux of pollutant emitted, ρuni is the uniform density of receptors,
and kuni is the uniform removal velocity5.

The following sections give a description of the impacts of each emission type
in the ExternE project, as well as other emissions from incineration plants that
are considered significant.

1.1.3 Particulates
It is the clear conclusion from the ExternE project that there is a scientifically
proven correspondence between the emission of particulates and a wide range
of health effects. Particulates are associated with increased risk of cancer and a
variety of non-carcinogenic effects on the respiratory system.

Particulates with a diameter of less than 10 µm (PM10) are considered to be the
most harmful6, and therefore are the best indicator for measuring health impacts
of particulates. PM10 have been shown to contribute to all the morbidity catego-
ries listed above, as well as mortality.

The resulting damage factors of particulates on health are shown below. Results
include a best estimate as well as low and high estimates. The findings are un-
certain and therefore these intervals are given.

                                                  
5 The equation is valid for estimating damage from primary pollutants (PM10, NOx, SO2,
VOCs and CO). A generalised version is used to estimate damages from secondary pollut-
ants (nitrate and sulphate aerosols, and O3).
6 Particulates with a diameter of less than 2.5 µm are particularly harmful, but these par-
ticulates of this size could not previously be measured.

Mortality and mor-
bidity
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Table 1.2 Exposure-response functions (fCR) for damages from particulates (pri-
mary emission) from incinerators in Europe.

Nature of damage fCR  (cases per (pers⋅yr⋅µg/m3))

Chronic mortality YOLL 4.10E-04
Chronic bronchitis, adults 3.92E-05
RAD, adults 2.00E-02
Bronchodilator usage, asthmatic adults 4.56E-03
Chronic cough, children 4.14E-04
Chronic bronchitis, children 3.22E-04
Hospital admission, cerebrovascular 5.04E-06
Cough, asthmatic adults 4.69E-03
Congestive heart failure, asthmatic 65+ 2.59E-06
Bronchodilator usage, asthmatic children 5.43E-04
Hospital admission, respiratory 2.07E-06
Lower respiratory symptoms, asthmatic adults 1.70E-03
Cough, asthmatic children 9.34E-04
Lower respiratory symptoms, asthmatic children 7.20E-04

As adapted and recommended by the ExternE Programme in Rabl et al (1998).
RAD = Restricted Activity Day
YOLL = Years Of Life Lost

Ecosystem Effects of particulates on the ecosystem potentially include health effects on
other species or organisms. The effect on the ecosystem is not mentioned in any
of references found.

Emission of particulates contributes to damage of buildings. Particulates can be
deposited on the buildings and ruin their appearance, which necessitates fre-
quent cleaning. However, it has not been possible within the ExternE project to
assess the direct damage caused by particulates. Therefore, increased costs for
cleaning of buildings are used as estimates for the external costs related to par-
ticle emissions.

1.1.4 NOx

When NOx is emitted into the atmosphere the main part is emitted as NO,
which in itself does not cause damage. However, in the atmosphere NO is
quickly transformed into the damaging NO2. In addition, O3 can be formed in
the presence of NOx and VOCs (photochemical ozone formation).

NO2 contributes via acidification to forest die-back and corrosion of buildings,
but rather large quantities of NO2 are needed to cause effects on human health.
The latter is therefore not included in ExternE. In addition, agricultural output
can potentially be affected by NO2. However, again the quantities of NO2 con-
sidered damaging are quite high and the effect is not included in ExternE. The
use of fertilisers is likely to outweigh any potential benefits related to increase
yield through nutrient enrichment.

Damage to buildings

NO2 : Forest die-
back and damage to
buildings
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The main health effects are, however, caused by NO2 being transformed into
free aerosols (primarily in the form of NO3). Such aerosols can by inhalation
cause the same damage as particulates, because they are deposited in the outer
parts of the lungs. According to ExternE (1995), research suggests that these
aerosols have an even larger effect on health than the primary outlet of particu-
lates. However, the damage of aerosols is in ExternE treated in the same way as
the damage of the primary particulates.

The conditions surrounding NOx emissions are further complicated by the fact
that O3 forms a part of the formation of NO2. The process is reversible because
O3 can be created from NO2. High concentrations of ozone are found in the
smog in larger cities or under special meteorological or topographical condi-
tions where the air is not dispersed by e.g. wind. The concentration of ozone
also depends on the concentration of other pollutants in the air, primarily
VOCs. Thus, increased concentrations of VOCs will cause increased concen-
trations of ozone.

The damage to forests is partly caused by the concentration of O3 in the air.
However, the main damage is probably caused by acidification, which reduces
the area of the leaves and creates acidic conditions in the soil. As a result,
growth is reduced and the health of the trees decreases. Furthermore, there is a
loss caused by decrease of the amenity value of the forest, but that is not in-
cluded in the estimates below. The influence of air pollution on forests is very
complex and only partly understood at present. The quantification of the dam-
age is therefore highly uncertain.

O3 also has an effect on agricultural yield, but the results obtained in the Ex-
ternE project are quoted as “a rather poor guide” and are therefore not included
here. In addition, compared to the effects on human health and damage to
buildings, total reduction in agricultural yield is not considered significant
(ETSU, 1996).

Ecosystem NOx, particularly aerosols, and O3 are potentially toxic to organisms, just as
they are to human health. More importantly, NOx contributes to nutrient en-
richment on soil and/or water, since nitrogen is typically limits growth in the
ecosystem. NOx may also contribute to acidification of ecosystems (other than
agricultural ecosystems). However, although damage to ecosystems is often
used as a reason to reduce NOx emissions to the atmosphere, damage estimation
is currently not possible (ETSU, 1996).

As for particulates, the damage of NOx to buildings is not quantified in itself.
Instead, an assessment of the costs of increased maintenance of buildings is
shown.

Aerosols: Mortality
and morbidity

O3: Mortality and
morbidity

O3: Forest die-back

O3: Lower agricul-
tural yield
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Table 1.3 Exposure-response functions (fCR) for damages from NOx (via nitrate
aerosols) and O3* from incinerators in Europe.

Nature of damage fCR  (cases per (pers⋅yr⋅µg/m3))

O3 - Acute mortality YOLL 1.17E-05
O3 - Respiratory hospital admission 1.42E-05
O3 - Minor RADs 1.95E-02
O3 - Symptom days 6.60E-02
NOx via nitrates fCR = fCR for PM10

As adapted and recommended by the ExternE Programme in Rabl et al (1998).
RAD = Restricted Activity Day
* Converting damage from O3 to damages from NOx and VOCs involves modelling O3

formation.

1.1.5 SO2

SO2 is transformed into free aerosols (primarily in the form of SO4) which
cause both mortality and morbidity because the aerosols are deposited in the
lungs, as is the case with NOx.

The most well-known effect of SO2 is acidification. One of the consequences of
acidification is lower agricultural yield. In the ExternE project the effect of SO2

emissions on four crops (wheat, barley, oats and rye) is calculated. Low and
high estimates of the total production are given.

SO2 can potentially have a beneficial effect on agricultural yield, since S is re-
quired for plant growth (CSERGE, 1993). However, this is not thought to be
significant and only the effects of O3 on crops are considered in ETSU (1996).

Forest die-back Acidification also causes damage to forests as is the case with NOx. This
damage is slightly higher for SO2 than for NOx.

Table 1.4 Exposure-response functions (fCR) for damages from SO2 (direct and via
sulphate aerosols) from incinerators in Europe.

Nature of damage fCR  (cases per (pers⋅yr⋅µg/m3))

SO2 - Acute mortality 5.34E-06
SO2 - Respiratory hospital admission 2.04E-06
SO2 via sulphates fCR = 1.67(fCR for PM10)

As adapted and recommended by the ExternE Programme in Rabl et al (1998).

As with particulates, the damage of SO2 to buildings is not quantified in itself.
Instead, an assessment of the costs of increased maintenance of buildings is
made.

Ecosystem SO2 contributes to acidification of ecosystems (other than agricultural
ecosystems), and has a higher effect per gram than NOx. SO2 has been widely
blamed for causing acidification, which leads to e.g. fish mortality in lakes in

Mortality and mor-
bidity

Lower agricultural
yield

Damage to buildings
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Scandinavia and central Europe, and is often used as an argument to reduce SO2

emissions to the atmosphere. However, damage estimation is currently not pos-
sible (ETSU, 1996).

1.1.6 CO
CO emitted to the atmosphere will gradually be transformed into CO2 and as
such contributes to the climate effect. However, this factor is normally not
modelled separately as it is assumed that the CO emission is included in the
CO2 emission factors as a result of oxidation.

CO emissions cause health effects, as CO blocks the intake of oxygen in the
blood. However, the damage caused by this process is considered small and it is
not reported here.

1.1.7 VOCs
Numerous VOCs may be emitted from incineration plants, although no relevant
information assessing direct damages caused on human health was found in this
study.

Effects of O3 The formation of ozone (O3) depends on the concentration of both VOCs and
NOx, as well as the types of VOCs that are emitted. The effects of O3 and dam-
ages on human health are described under NOx in Section 1.1.4.

1.1.8 CO2

Climate effect Emissions of CO2 give rise to climate effects. The climate effects occur because
of a build up of CO2 in the atmosphere adding to the naturally occurring shield
of “greenhouse gases” necessary to maintain the present temperature on the
earth. However, there is a growing consensus that the increase in the amount of
CO2 in the atmosphere will cause a general rise in temperature, resulting in
major environmental changes such as:

• Rising sea level that may flood coastal and river delta communities.
• Shrinking mountain glaciers and reducing snow cover that may diminish

fresh water resources.
• The spread of infectious diseases and increased heat-related mortality.
• Impacts to ecosystems and possible loss in biological diversity.
• Agricultural shifts such as impacts on crop yields and productivity.

Although it is difficult to reliably detect trends in climate due to natural vari-
ability, the best current predictions suggest that the rate of climate change at-
tributable to CO2 and other greenhouse gases will by far exceed any natural
climate changes that have occurred during the last 10,000 years. Of course, CO2

emissions from incineration form only a small part of the total emissions.

The Intergovernmental Panel on Climate Change (IPCC) tries to assess the
temperature rise due to CO2 and on this basis assess the damage created. Prob-

Climate effect

Mortality and mor-
bidity

Mortality and mor-
bidity



16 A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

lems relate to the extent of global temperature increase and its effect on re-
gional climate, the time frame of measuring the impact (more than 100 years),
its global nature, how society will develop socially and economically over this
time, and what capacity will exist to deal with climate changes etc. As this is a
very complex issue, it is considered outside the scope of this study to go into
further details about the more specific impacts of the climate effects.

According to the ExternE project it is with current knowledge not possible to
obtain reliable damage estimates of climate effects from an impact pathway
approach. As an alternative, a number of studies have been published that at-
tempt to provide damage estimates across a number of economic sectors, such
as agriculture, forestry, water and energy. The most frequently quoted of these
(Cline, 1992) investigates the consequences on several sectors in the US and
then extrapolates results to the rest of the world. Fankhauser, 1993 is often
quoted and appears to look in much the same way at each region of the world
separately. In all cases, the authors acknowledge that this is a “partial equilib-
rium approach” that neglects the interaction between impacts in different sec-
tors, which is not ideal, but is the best that can be achieved at present (see also
Chapter 4.1).

As the impacts of CO2 emissions are global, the evaluation of impacts of incin-
eration facilities does not vary between facilities. The impact of CO2 emitted
from an incineration plant depends instead on the carbon content of the waste.
Different approaches have been used as to whether CO2 from renewable re-
sources should be included in the assessment of global warming potential.
From a life-cycle perspective, only emissions that result in net contributions of
CO2 should be included in the assessment (Hauschild and Wenzel, 1997). Car-
bon dioxide from non-renewable resources ('fossil' carbon) increases the net
amount of CO2 in the atmosphere, whereas CO2 emissions from renewable
sources ('biogenic' carbon) can be considered as neutral emissions and are dis-
regarded in this report. Non-renewable carbon includes plastics and other oil-
based wastes, and renewable carbon is all biodegradable organic waste such as
food and garden waste.

1.1.9 HCl and HF
HCl and HF are readily soluble in water. Consequently these acid gases have a
short residence time in atmosphere and are typically deposited within short
distance of the source (ETSU, 1996).

Morbidity HCl and HF are toxic at sufficiently high concentrations (ETSU, 1996).
However, no epidemiological data was found in this study that could be used to
quantify health impacts related to these pollutants.

HCl and HF contribute to acidification, in a similar way to SO2 and NOx. The
acidification potential of HCl is lower than SO2 but higher than NO2, whilst HF
has a higher than acidification potential SO2 (Wenzel et al, 1997). The effects
related to acidification include lower agricultural yield, forest die-back, damage
to the ecosystem and damage to buildings.

Acidification
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None of the above effects are quantified; although erosion rates for buildings
calculated for natural stone, paint and various metals can be found in ETSU
(1996).

1.1.10 Dioxins
In the atmosphere, dioxins exist in the gaseous phase or bound to particulates.
Dioxins are known to be persistent and semi-volatile. As a result, dioxins have
a long residence time and can be transported over long distances in the atmos-
phere (over scale of 1000s of km), and are present in all environmental com-
partments. In addition, dioxins are fat-soluble and tend to accumulate in ani-
mals at the top of the food chain (AEAT, 1999).

Multi-media models of varying complexity exist for estimating human expo-
sure from incinerators. The models are relatively uncertain due to lack of in-
formation and it is difficult to demonstrate a clear cause/effect relationship
between observed effects and exposure routes (AEAT, 1999).

The most important pathway for human exposure is via consumption of food,
contributing to 95-98% of total exposure. Population at risk include high con-
sumers of fatty foods (fish, meats, dairy products) and breast-fed infants. Di-
oxins emitted to air from an incineration plant can be deposited on agricultural
land and e.g. be ingested by cows. Other (human) exposure routes include con-
sumption of water, inhalation and dermal contact (AEAT, 1999).

Dioxins have a wide range of effects on experimental animals including
(AEAT, 1999):

• carcinogenesis
• liver damage (hepatoxicity)
• immunotoxicity
• development and reproductive toxicity
• dermal toxicity
• effects on hormones and growth factors.

Cancer has traditionally been considered the critical effect. However, recent
research suggests that effects on reproduction, the immune system and behav-
iour may be the most sensitive effects in experimental animals. Effects on hu-
mans have mainly be reported associated with accidental and occupational ex-
posure, where increased incidences of i.a. cancer and mortality due to diabetes
and cardiovascular diseases have been observed. In addition, it has recently
been recognised that subtle effects on human health may be occurring at current
(background) exposure levels (AEAT, 1999).

There is currently considerable scientific debate about the acceptable level of
exposure or tolerable daily intake (TDI). According to AEAT (1999), the most
recent WHO evaluation (1998) recommended a TDI of 1-4 pg TEQ7/kg body

                                                  
7 The use of Toxic Equivalency Factors (TEFs) allows the conversion of quantitative diox-
ins congeners (PCDD/PCDF) to be expressed as a single Toxic Equivalent (TEQ).

Mortality and mor-
bidity
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weight (including dioxin-like PCBs), and used a safety factor approach, which
accounts for uncertainty and implies that externalities estimated on this basis
will likely be overestimated. On the other hand, the US EPA (1985) recom-
mended a TDI of 0.006 pg TCDD/kg body weight, and assumed a linear dose-
response relationship for dioxin-induced cancer, i.e. all cancer leads to death.
ENDS Daily (13/06/00) describes findings in a report to be published later this
year by the US EPA, which concludes that dioxins may be more toxic than pre-
viously thought. For example, the risk of cancer is 10 fold higher than before.

Impact assessment for dioxins from incineration plants is difficult to estimate.
The exposure-response function (fCR) and slope factor (SF) for estimating can-
cer-related damages, given in Rabl et al (1998), is shown in the table below. No
estimates were found for assessing damages from other health effects.

Table 1.5 Exposure-response function (fCR) and slope factor (SF) for cancer-
related damages from dioxins from incinerators in Europe.

SF (cancers per (µg/kgbody⋅day)) fCR  (cancers per (pers⋅yr⋅µg/m3))

1.00E+02 6.02E-01
As adapted and recommended by the ExternE Programme in Rabl et al (1998).

Ecosystem Dioxins are known to have an effect on the health of animals as well as
humans. In fact, most knowledge of the effects on humans is obtained from ex-
perimental animals and difficulties exist in establishing clear cause/effect rela-
tionships in ecosystems. As mentioned for human health (above), effects on
experimental animals include carcinogenesis, reproductive toxicity, growth de-
fects, immunotoxicity, and effects on behaviour.

Environmental quality guidelines exist in the form of sediment threshold limit
values, which vary significantly depending on the assessment method used and
environmental compartment in question. Controversy exists as to whether
threshold limits for the ecosystem should be more or less stringent than for hu-
man health (AEAT, 1999).

1.1.11 Heavy Metals
The transport or distribution of heavy metals emitted to the air from an incin-
eration plant can be estimated using Gaussian plume models.

Heavy metals are persistent and widely distributed in the environment. Most
are essential nutrients at trace concentrations, becoming toxic at higher con-
centrations. It is important to make assumptions relating to the speciation of
metals e.g. whether chromium is emitted as Cr-III or Cr-VI, the latter being the
most toxic species.

Estimating the effects of heavy metals on human health is uncertain, just as for
dioxins. The critical effect of most heavy metals on human health is considered
to be carcinogenic, and cancers induced by heavy metals are typically assumed

Mortality and mor-
bidity
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to be fatal. Thus, the choice of threshold concentration is important. Threshold
concentrations are mostly based on results of experiments on animals using
high concentrations over relatively limited periods of time. Associated costs
may be overestimated because of the safety factors commonly applied (ETSU,
1996).

The approach used by ETSU (1996) to evaluate the carcinogenic effects of
heavy metals on human health was similar to that used for dioxins. The expo-
sure pathway was assumed to be inhalation. The exposure-response functions
(fCR) and slope factors (SF) for estimating cancer-related damages via inhala-
tion only, given in Rabl et al (1998), are shown in the table below. No estimates
were found for assessing damages from other health effects. For example,
quantified health effects of Cd include respiratory tract cancers. Cd also has
non-carcinogenic effects, but these are not quantified since no dose-response
function exists (ETSU, 1996).

Table 1.6 Exposure-response functions (fCR) and slope factors(SF) for cancer-
related damages from selected heavy metals from incinerators in
Europe.

Heavy
metal

SF (cancers per (µg/kgbody⋅day)) fCR  (cancers per (pers⋅yr⋅µg/m3))

As 5.00E-02 3.01E-04
Cd 6.10E-03 3.67E-05
Cr (IV) 4.10E-02 2.47E-04
Ni 8.40E-04 5.06E-06

As adapted and recommended by the ExternE Programme in Rabl et al (1998).

Non-carcinogenic health effects are generally not quantifiable, due to insuffi-
cient exposure-response data. Partial quantification involves comparing the es-
timated total dose (background concentration plus contribution from incinera-
tion) and the threshold limit value (ETSU, 1996). Through exposure via inhala-
tion, the total dose is usually found to be well below the threshold value, how-
ever there may not be a threshold limit for metals that can bioaccumulate, such
as mercury (Rabl et al, 1998).

Ecosystem Heavy metals have an effect on the health of animals as well as humans. Effects
on experimental animals are both carcinogenic and non-carcinogenic. Envi-
ronmental quality guidelines exist at national level, but effects have not been
quantified.

1.2 Impacts of Wastewater
Emissions covered in this section are associated with the discharge of waste-
water from incineration plants resulting from (wet) flue gas cleaning systems.
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1.2.1 Emissions to Water
Emissions to water from an incineration plant result from the output of waste-
water generated during the flue gas treatment process and when bottom ash is
cooling (the disposal of sludge produced from wastewater treatment at incin-
eration plants with wet scrubber systems for acid gases is described in Section
1.3).

Wastewater contains many of the same pollutants as those emitted to the at-
mosphere including suspended solids (particulates), dioxins, and heavy metals.
Table 1.7 shows the proposed EU limits for discharges of wastewater from in-
cineration plants, for which no previous EU limits exist.

Table 1.7 Proposed EU emission limit values (mass concentrations) for wastewater
from incineration plants.

Emissions Proposed EU Limits
Common Position
(2000/C 25/02)**

Total suspended solids* 45 mg/l

Hg 0.03 mg/l

Cd 0.05 mg/l

Tl 0.05 mg/l

As 0.15 mg/l

Pb 0.2mg/l

Cr 0.5 mg/l

Cu 0.5 mg/l

Ni 0.5 mg/l

Zn 1.5 mg/l

Dioxins 0.3 ng/l

Salts (Cl-, F-, SO4
2-, PO4

3-) -

* Suspended solids, to which pollutants can partition, cause the water to be cloudy.
** Proposed limit values for Total suspended solids, Hg, Cd and Tl may be re-
duced further; a limit value for total N may be included (25 mg/l); and a pH
limit of 6-9 may be included prior to adoption of the Directive.

Incineration plants require permits for discharging wastewater, since the
wastewater contains contaminants from Lists I and II of the Dangerous Sub-
stances Directive (76/464/EEC). As a result, wastewater is often treated at the
incineration plant, particularly at modern plants, prior to discharge to the local
sewage treatment plant or direct discharge to surface water. In certain cases,
wastewater is evaporated, which transfers the pollutants to the solid and/or
gaseous phase. Wastewater treated at the plant can also be reused onsite, which
also reduces water consumption.
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1.2.2 Impact Pathways
Qualitative impacts The environmental impacts of discharging wastewater to surface water have not

been found quantified in terms of exposure-response damages. This is because
the impacts on human health are widely thought to be of relatively limited im-
portance compared to atmospheric emissions, but may also be a result of the
difficulties assessing the damage to the ecosystem, which may be the most sig-
nificant impact.

In an analysis of the externalities related to enforcing the draft directive on in-
cineration of waste , ETSU (1996) concluded that "the effects of liquid dis-
charges [wastewater] are unlikely to cause significant damage". However, long
term effects related to the accumulation of heavy metals and dioxins in the en-
vironment is an impact that cannot currently be quantified (ETSU, 1996).

Prior to discharge to surface water, wastewater may be treated at a local sewage
treatment plant. Suspended solids, to which pollutants can partition, cloud the
water, making treatment more difficult and costly. Related impacts on the sew-
age treatment plant can include higher concentrations of heavy metals and or-
ganic pollutants in sewage sludge, making the sludge more difficult to handle
and dispose of. In addition, the high concentrations of salts in the wastewater
may be detrimental to the biological treatment systems at the sewage plant.

Exposure Exposure to pollutants in the wastewater depends on the volume of wastewater
discharged, and the surface water environment (e.g. river, stream, lake, lagoon,
estuary, coastal water). Factors such as the dilution/dispersion potential of the
surface water (e.g. water flow, velocity, retention time), and background con-
centrations are important.

Models exist to predict the dispersion of wastewater discharged to surface wa-
ter. However, because of the heterogeneous nature of the receiving surface wa-
ter environment and the site-specific discharges, generalisations at a European
or even national level are problematic. For instance, the impacts of discharging
wastewater to a stream are not the same as discharging the same volume of
wastewater into coastal waters.

In addition to discharges of treated sewage water, there is a potential exposure
to contaminants when sewage sludge is disposed of to landfill, incinerated or
spread on agricultural land. For impacts from the application of sludge to land,
is should briefly be mentioned that there is some concern over the accumulation
of heavy metals and persistent toxic organic compounds that may be bound to
the sludge. For example, the main source of human exposure to cadmium is
through food grown in agricultural soil, although sewage sludge is not thought
to be as significant a general source to agricultural land as input from fertilisers
and precipitation (Tjell and Christensen, 1992). However, the local application
of sewage sludge should be considered in relation to the average output
(leaching) of cadmium from the soil.

Sewage treatment
plant
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1.2.3 General Impacts
Ecosystem The impacts on the ecosystem, particularly related to the direct discharge of

wastewater to surface water, may include the effects of heavy metals, dioxins
and salts.

Where wastewater is monitored at the point of discharge from incineration
plants, concentrations of heavy metals are typically reported, since they are
considered the most critical group of pollutants. For example, the no observable
effect level for aquatic organisms seems lower than for humans, particularly for
Cu and Zn (EEA, 1995).

Dioxins are relatively insoluble, therefore concentrations in wastewater are of-
ten considered negligible (ETSU, 1996). However, dioxins are not usually
monitored at incineration plants and where discharged could accumulate in
sediments and aquatic fauna/flora, since dioxins can quickly partition to the
particulate phase (e.g. suspended organic matter).

The discharge of salt-contaminated wastewater is considered to be a problem in
e.g. Germany (WHO, 1993). High concentrations of salts such as Cl-, F-, SO4

2-,
and PO4

3-, for which no limits exist at EU level (cf. Table 1.7), may have an
impact on the ecosystem, particularly if discharged directly to surface water.

The impact of emissions to surface water could affect human health through
consumption of contaminated water or ingestion of organisms exposed to the
emissions surface. Of particular concern are persistent pollutants such as heavy
metals and dioxins. However, impacts on human health are not thought to be as
important as the effects on the ecosystem, and no studies quantifying the dam-
ages have been found during the course of this study.

1.3 Solid Waste Residues from Incineration Plants
This section should be read in conjunction with chapter 2 that deals with im-
pacts from landfill disposal. Of particular concern regarding the disposal of
solid waste residues are potential emissions to soil and water.

1.3.1 Solid Waste Residues
Figure 1.1 below shows the potential treatment and disposal routes for solid
waste residues from incineration.

Solid waste residues from incineration plants include bottom ash and the more
toxic residues from flue gas treatment. These by-products are emitted to soil
and later to groundwater and/or surface water, when disposed of at a landfill
site, or utilised in building and construction work.

Bottom ash or slag is produced from the combustion process and comprises
approximately 20-30% of the mass of MSW treated at an incineration plant.
Boiler ash and residues collected from the grate, which are both typically mixed
with bottom ash, comprise a small amount of the solid waste residues from in-

Mortality and mor-
bidity
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cineration plants and are not considered further. It is possible to recover recy-
clable materials such as iron from bottom ash, which can contribute to savings
associated with the production of corresponding raw materials. The remaining
bottom ash is usually disposed of to a controlled landfill. However, many
European countries allow the use of processed bottom ash in construction. For
example, Germany, Denmark and The Netherlands use 60-90% of all bottom
ash as an aggregate in road base material (references in Bozkurt et al, 1999).

Residual solid waste

Flue gas cleaning residuesBottom ash

Monofill

Landfill

Materials
recovery

Treatment
Aggregate

Materials
recycling

LandfillUtilisation

Figure 1.1 Potential treatment and disposal routes for solid waste residues from MSW
incineration plants (adapted from Petts and Eduljee, 1994).

Residues produced in connection with the flue gas treatment technologies em-
ployed are typically regarded as hazardous. These residues include flyash,
which is the residue obtained from the removal of particulates, and residues
from acid gas cleaning process. Modern incineration plants generate approxi-
mately 20 kg flyash/tonne of waste incinerated plus 1-20 kg acid gas cleaning
residues/tonne of waste incinerated depending on the cleaning process used.
Acid gas cleaning residues can include 1-3 kg sludge (dry weight)/tonne of
waste incinerated from the treatment of wastewater generated at plants with wet
scrubber systems (Hjelmar, 1998).

Flue gas cleaning residues contain high concentration of heavy metals and as a
result are considered more problematic than bottom ash. In most countries, flue
gas cleaning residues are regarded as hazardous waste, and treatment methods
to stabilise or solidify these residues prior to landfilling are continuously being
investigated (Bozkurt et al, 1999). Flue gas cleaning residues are typically dis-
posed of to a controlled landfill for hazardous waste, either separately (mono-
fill) or, less frequently, combined with bottom ash (landfill) (see Figure 1.1).

The exact composition of solid residues from an incineration plant depend on
the composition of the MSW incinerated, and the flue gas treatment technolo-

Flue gas cleaning
residues

Composition of solid
waste residues
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gies used. Substances found in residues include inorganic elements such as sili-
con (Si), calcium (Ca), sodium (Na), and heavy metals, as well as organic com-
pounds such as dioxins. Bottom ash and flue gas cleaning residues have differ-
ent properties and different compositions. For example, metals that are rela-
tively volatile such as Cd, Hg, and Pb, tend to be found in higher concentrations
in flue gas cleaning residues as opposed to bottom ash (Hjelmar, 1998).

1.3.2 Impacts of Emissions to Air
Emissions to air Residual solid waste from an incineration plant is inert, so no landfill gas is

produced. However, emissions to air of dust contaminated with i.a. heavy met-
als, can arise when handling and landfilling the residues during the operational
stage of a landfill. Additionally, emissions to air resulting from the transport of
residual solid waste from the incineration plant to the disposal site occur.

Important factors affecting emissions from transport include vehicle type (e.g.
size, approximate age), actual load transported, average speed, and the distance
travelled (site to the waste facility).

Transporting the residues from the incineration plant to the disposal site leads
to emissions to air. Compared to emissions from smokestacks, quantifying the
impacts from transport requires, for example, considering that emissions from
transport occur at ground level. Damages from air emissions from transport
have been evaluated for Denmark (COWI, 1998). In CSERGE et al. (1993)
emissions of waste transport are estimated to constitute around 5%-15 % of the
external costs.

1.3.3 Impacts of Emissions to Soil and Water
Disposal of residual solid waste from incineration to soil can subsequently lead
to emissions to water (surface water and/or groundwater) associated with the
leachate generated. This section should be read in conjunction with leachate
emissions from landfill disposal of MSW in the Section 2.3, which gives a
more detailed overview of the leachate emissions, fate of contaminants in the
soil and potential exposure pathways.

The quality of leachate generated from solid waste residues differs from the
leachate generated at a MSW landfill. Leachate will also vary depending on the
nature of the residual waste. Limited data available for leachate from landfills
containing bottom ash and flue gas cleaning residues indicates that leachate
from bottom ash is generally much less contaminated than leachate from flue
gas cleaning residues. According to EC (1994), leachate from bottom ash ini-
tially contains relatively high concentrations of inorganic salts (chloride, sul-
phate, sodium, potassium and calcium), and concentrations of trace elements
(e.g. Co, Mo, Pb, Mn, Zn) are low. There is a tendency for concentrations of
most salts to decrease over time (<30 years) and for the concentration of trace
elements to remain low. EC (1994) also report that initial leachate from flue gas
cleaning residues may contain extremely high concentrations of inorganic salts,
especially calcium and chloride, and that the concentrations of heavy metals

Impacts of emissions
to air
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(e.g. Pb, Zn, Cd, Cu, Cr, As) may also be high (due to high salinity and high
pH). No long-term observations exist, but laboratory and lysimeter tests indi-
cate that contaminant concentrations in leachate decrease substantially with
time (increasing L/S ratio).

Differences in leachate composition also occur depending on the acid gas
cleaning process used. For example, initial leachate from flue gas cleaning resi-
dues from dry and semidry processes may contain extremely high concentra-
tions of inorganic salts and trace metals such as Pb and Cd, whereas leachate
from flue gas cleaning residues from wet processes may contain high initial
concentrations of inorganic salts but low levels of trace metals (Hjelmar, 1998).

In addition to inorganic salts and heavy metals, Horii et al (1999) report that
dioxin concentrations in leachate from incineration residues are above the de-
sired level and different techniques are currently being investigated in Japan to
reduce dioxin concentrations via leachate treatment.

National regulations concerning the landfill and utilisation of solid residual
waste from incineration plants typically specify waste characteristics such as
leaching potential (L/S ratio) and maximum concentrations of specific compo-
nents. Few national regulatory systems for residues are based on actual risk as-
sessments to groundwater and limit values that are related to potential impacts
(Hjelmar et al, 1999).

1.3.4 Displaced Impacts
Net savings in emissions and resources probably occur associated with the re-
covery of materials such as iron and aluminium from bottom ash, and the use of
the remaining bottom ash as e.g. an aggregate in road building. However, the
magnitude of these environmental benefits is unknown.

To be able to estimate the effects of materials recovery, assumptions need to be
made regarding the amount of steel and aluminium that can be recovered, and
the amount of bottom ash that can be used. For steel and aluminium, the exter-
nal costs of extracting the materials from bottom ash, transport and recycling
plant, need to be compared with the displaced external costs of extracting and
processing primary steel and aluminium. For bottom ash, the costs of using
bottom ash as an aggregate including the potential for leaching of heavy metals
in the bottom ash, need to be weighed against the costs of using primary aggre-
gates, or other recycled construction materials.

1.3.5 Disamenity Impacts
Of the causes of disamenity described for landfilling MSW, only noise associ-
ated with traffic and site operations, together with fugitive dust emissions are
relevant for the disposal of solid residual waste from incineration.
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1.3.6 Risk of Accidents
The risk of accidents associated with the transport of residual solid waste from
the incineration plant to the disposal site depends on the mode of transport
(road, rail or sea) and the distance travelled. Damage related to transport, in-
cluding fatalities, and major and minor injuries, were found negligible com-
pared to other externalities by ETSU (1996).

1.4 Displaced Impacts
Net energy recovered from the incineration of waste displaces environmental
impacts associated with the production energy from conventional sources e.g.
coal-fired power stations.

1.4.1 Energy Recovery
Energy recovery from the incineration of waste in the form of electricity and/or
heat is an important output, particularly from modern incineration plants. The
amount of energy that can be recovered depends on:

• the calorific value of the MSW incinerated, which is affected by the mois-
ture content of the waste and the presence of non-combustible waste frac-
tions/ash content

• the efficiency of the energy recovery from incineration and the amount of
energy consumed at the plant

• the presence of a local district heating system or industry located close to the
incineration plant.

Regarding the calorific value of MSW, recycling non-combustible waste may
increase the calorific value of the remaining waste, and increase the energy re-
covered from incineration. Energy recovery schemes require a consistent en-
ergy output from the incinerator. In particular, the higher the calorific value of
the waste, the easier it is to control the furnace temperature (WHO, 1993). Re-
moving recyclable/recoverable waste with a high calorific value may on the
other hand lower the calorific value of the remaining waste.

1.4.2 Displaced Emissions
The net energy recovered from incinerating waste displaces pollution associ-
ated with the generation of electricity and/or heat from conventional energy
sources. Pollution from conventional energy sources includes emissions to air,
soil, and water. Table 1.8 below shows the emissions to air avoided by recov-
ering energy at incineration plants. Energy recovery from incineration has the
added benefit of reducing the consumption of often finite energy sources (e.g.
fossil fuels).
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Table 1.8 Displaced emissions to air from a conventional energy source due to energy
recovery during incineration.

Displaced emissions to air

CO2

CH4

CO

SO2

NOx

Particulates (PM10)

HCl

Heavy metals (e.g. Hg, Pb)

Dioxins

Source: Avedøre Works (1998).
Note: It is not always possible to quantify all the emission types mentioned in the table.
Coal is typically used as the marginal energy source in life cycle assessments.

1.4.3 Displaced Impacts
Displaced impacts include impacts related to atmospheric emissions, as well as
the fossil fuels saved, and residual waste avoided from conventional energy
generation processes. For example, emissions to air from conventional energy
sources that are avoided (see Section 1.4.1 above) lead to lower impacts de-
scribed in Section 1.1  (" Impacts of Air Emissions").

1.5 Disamenity Impacts
Disamenity impacts of incineration refers to the nuisance caused as a result of
the presence of an incineration plant including noise, dust, odours, visual pol-
lution (particularly the smoke stack), and the potential presence of vermin.

In addition, indirect disamenity impacts are associated with landfilling the solid
residues from incineration plants (see Section 1.3).

1.6 Risk of Accidents
The previous sections describe outputs during normal operation of incineration
plants. An accidental or sudden occurrence results in the same outputs as during
normal operation, but affects the magnitude of the outputs. Typically, accidents
cause short-term increases in emissions to air, and temporarily reduce or pre-
vent energy recovery. The risk of accidents at an incineration plant is described
below.
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1.6.1 Main Risks at Incineration Plants
All components at modern incineration plants are based on well-proven tech-
nology and when designed and operated according to various regulations the
operation of such a plant is normally very safe. There are of course certain op-
erational risks, as at any other industrial plant. The main risks of accidental and
sudden occurrences at incineration plants are shown in Table 1.9.

Table 1.9 The main risks of accidental and sudden occurrences at incineration
plants.

Potential risk Description and consequences

Contact with auxil-
iary materials

Occupational health and safety risk to workers at the incineration
plant. Risk of dermal contact, and associated health effects.

Fire in the silo Occurs relatively frequently and is extinguished using water canons
permanently installed in the silo. Causes an increase in emissions to
air, until fire is extinguished.

Fire in the dioxin
filter

May occur if glowing particles reach the filter. Results in fine contami-
nated carbon particles being emitted to air (e.g. in the order of a few
tonnes), requiring the installation of a new filter.

Leaks from high
pressure feed-
water and steam
system

Occupational health and safety risk to workers at the incineration
plant. Risk of dermal contact and associated health effects.

Overheating Overheating of the boiler may cause damage and outlets of steam in
the  boiler. Results in temporary reduction or stop in plant operation
and energy recovery.

Explosive matter in
the waste

Waste may contain explosive matter such as gas bottles that can
explode in the boiler, silo, or shredder. Explosions can result in tem-
porary reduction or stop in plant operation and energy recovery.

Leak of ammonia A sudden leak of ammonia, used to remove NOx, is acutely danger-
ous. However, even small leaks are easily detected by smell long
before dangerous concentrations are reached. The main risks relate
to occupational health and safety.

Contact with flue
gas residues

Occupational health and safety risk to workers at the incineration
plant. Risk includes dermal contact and inhalation of fugitive dust
emissions, and associated health effects.

Source: Reto Hummelshøj, pers. comm.

1.6.2 Hazard Analysis for Incineration Plants
According to EU directives it is compulsory to carry out an HAZOP analysis
(HAZard and OPerability analysis) for new industrial plants as part of the ap-
proval procedure, including incineration plants. An HAZOP analysis identifies
potential deviations from normal operating conditions and their consequences
and possible reasons for the deviations are studied. Depending on the expected
frequency of deviations and potential consequences, a certain number of barrier
points may be needed and can be defined to ensure a certain level of safety at
the plant. Existing and planned barriers are studied and where barrier points are
missing, extra barriers are introduced until the required demand for safety is
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reached. Typically, a calculated value of 1 fatal accident per 1000 years is ac-
ceptable or 1 fatal accident per specific person in critical areas per 10,000
years.

Although no formal requirements exist regarding the scope of a HAZOP analy-
sis for incineration plants, an analysis is often performed for at least some of
the systems at new plants, such as the dioxin filter.
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Appendix II:
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2 Impacts of Landfill Disposal
This appendix examines the impacts on different receptors of landfill disposal.
The outline of the appendix is as follows:

• timing of emissions (Section 2.1)

• emissions to air (Section 2.2)

• emissions to soil and water (Section 2.3)

• land use (Section 2.4)

• energy recovery (displaced impacts in Section 2.5)

• disamenity (Section 2.6)

• the risk of accidents (Section 2.7).

The impacts of landfilling residual waste from incineration are described in
Section 1.3.

2.1 Timing of Emissions from Landfills
An important issue when dealing with outputs from a landfill site is the period
of time over which the outputs occur. Emissions of landfill gas and leachate can
occur for at least tens to hundreds of years respectively. Additional complicat-
ing factors are that both the quantity and quality of landfill gas and leachate
vary over time. As a result, the outputs of a landfill site should be integrated
over time to obtain a value for the output per tonne of waste landfilled.

Landfill strategy Landfill design and operation can influence the period of time over which the
emissions occur. Two broad types of landfill strategies can be identified. Tradi-
tional landfills are uncontrolled and allow leachate to be released into the soil
surrounding the landfill without restriction. This 'dilute and disperse' method is,
however, no longer considered an appropriate operation method, in view of the
serious risk posed by leachate to groundwater supplies and the potential accu-
mulation of landfill gas. Most modern MSW landfills are therefore controlled
and operated using the principle of 'containment'. Landfilled waste is separated
from the environment by liners and both leachate and landfill gas are collected
and treated, including after the closure of the landfill.

At controlled landfills, the degree of containment can vary. Total containment
involves complete isolation of the waste and requires active environmental
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protection systems over very long periods of time. Although total containment
reduces the initial production of leachate and landfill gas, all liners eventually
leak, leachate collection pipes clog, and landfill gas will eventually be released,
it is argued that the chances of collecting and treating the resulting emissions
will be much less if they occur in the distant future (White et al, 1995). As a
result, containment of waste combined with the operation of the landfill as a
large 'bioreactor' has been proposed e.g. Young et al (1999). This involves op-
erating the landfill to accelerate the decomposition processes, such that the pro-
duction of leachate and landfill gas occurs as early as possible and when the
collection and treatment systems are in working order. However, more experi-
ence is required with the bioreactor concept, before it replaces total contain-
ment as the preferred landfill strategy (White et al, 1999).

Final storage quality Eventually, landfills should reach a "final storage quality", when the site is
environmental safe and active aftercare systems are no longer required. How-
ever, the time needed to reach final storage quality is unknown and the criteria
defining this quality are not explicitly defined in waste legislation and guide-
lines (EC, 1994), including the landfill directive (1999/31/EC).

The fact that emissions from landfills occur over long periods of time makes
comparing landfill disposal with other parts of the waste management system
difficult, and means that the timeframe chosen in any analysis has a very im-
portant influence on the overall results. Different approaches have been used to
deal with the issue of time. For example, in a life cycle assessment of a MSW
landfill, Aprili et al (1999) considered the damage produced over 30 years, and
assumed that the no damage occurred after this period. The consequences of
using such an approach are that the generation rate for landfill gas is less im-
portant than the total gas yield, and may not be critical when estimating damage
from landfill gas emissions. However, the time frame chosen can be particu-
larly influential for the estimated damages from pollutants in leachate, espe-
cially heavy metals. Discounting is the valuation in present-day terms of future
costs and benefits. The consequences are that the present value of costs associ-
ated with future leachate emissions, which may occur tens to hundreds of years
after waste has been landfilled, are progressively reduced, as they occur further
into the future8. (see Section 3.7.2).

2.2 Impacts of Air Emissions

2.2.1 Emissions to Air
Landfill gas Landfill gas is emitted to air and varies in quantity and quality over time. The

landfill gas (LFG) production rate is thought to be at a maximum months to
years after the closure of a landfill and to decrease exponentially thereafter,
reaching insignificant amounts after about 25 to 30 years.

                                                  
8 For example, using a discount rate of 6%, implies that costs occurring 50 years in the fu-
ture are valued at just 5% of what they would cost if they occurred today.

Importance of the
timeframe
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Components in LFG vary greatly over time, determined by the processes that
govern the components' fate in the landfill. For example, concentrations of
highly volatile organic compounds such as aliphatic hydrocarbons in LFG are
often highest in the years following the capping of the landfill. On the other
hand, other compounds such as naphthalene that sorb more strongly to waste
can be emitted to air (or emitted with leachate) over much longer periods.

Factors affecting LFG composition include the composition, density, and
moisture content of the MSW. In addition, the temperature, infiltration,
leachate recycling, and age of the landfilled waste have an important effect
(Lisk, 1991).

Main components The variation in the main components of LFG over time is shown in Figure 2.1.
Shortly after closure of the landfill (months to years), when LFG production is
greatest, methane (CH4) is the primary component of the gas, typically ac-
counting for 55% by volume, and carbon dioxide (CO2) accounts for most of
the remaining volume. These components are produced from the anaerobic de-
composition of biodegradable organic material.

A
er

ob
ic

A
ci

d

In
iti

al
 m

et
ho

no
-

ge
ni

c

S
ta

bl
e 

m
et

ha
no

-
ge

ni
c

A
ir 

in
tru

si
on

M
et

ha
ne

 o
xi

da
tio

n

C
ar

bo
n 

di
ox

id
e

S
oi

l a
ir

Figure 2.1 General trends in LFG composition during different phases9 in the lifetime
of a landfill (from Christensen and Kjeldsen, 1995).

Trace components LFG also contains a few percent of trace gases, originating from biodegradable
organic material and other waste fractions in MSW. VOCs are typical trace
gases. Over 100 different types of VOCs have been identified, many of which

                                                  
9 Roman numerals represent different phases. Phase I lasts weeks, phases II and III last for
months, and the latter phases are thought to last from years to decades. Data exists up to
approximately phase IV or V.
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are toxic and/or carcinogenic including aromatic hydrocarbons such as benzene,
and halogenated aliphatic hydrocarbons such as vinyl chloride. The specific
trace components emitted to air from landfills depend on the composition of
MSW.

The Directive on the landfill of waste (1999/31/EC) suggests that as a mini-
mum, emissions of methane, carbon dioxide and oxygen should be monitored
regularly.

The Directive (1999/31/EC) also specifies that LFG should be collected from
new landfills (and existing landfills by 2007) and used to recover energy or at
least flared. Where gas is collected, White et al (1995) assume that 40% is typi-
cally recovered, although estimated recovery efficiencies of around 90% have
been reported (Rodríguez-Iglesias et al, 1999; Huber and Wohnlich, 1999).

Flaring or using LFG reduces the emissions to air by destroying combustible
and most trace organic components, e.g. methane is oxidised to water and car-
bon dioxide. However, low levels of pollutants not previously present in LFG
are formed during the combustion process, such as dioxins, HCl, and NOX.

Dust Other emissions to the air include dust that can occur during the operational
stage of a landfill. Dust can be emitted from access roads at the site and/or from
the waste itself, when waste is placed into the landfill.

Table 2.1 Typical emissions to air from a landfill.

Main components of LFG Trace components* of LFG Other emissions

CH4 N2 Dust

CO2 O2 Other (e.g. dioxins)**

H2S

CO

H2

VOCs

* Trace components present, particularly VOCs, can include many different gases de-
pending on the nature of the MSW landfilled.

** Produced when LFG is flared or used to recover energy.

2.2.2 Impact Pathways
A significant complicating factor for impacts of emissions to air from landfill
disposal compared to incineration is the timing of the emissions. Emissions to
air from incineration are immediate, whereas emissions of landfill gas can oc-
cur for years after the waste has been landfilled.

Fate of LFG Landfill gas (LFG) is either emitted directly to the atmosphere through the top
and/or sides of the landfill, or collected and utilised. Fugitive emissions of LFG

Monitoring LFG

Collection and
use/flaring of LFG
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occur where LFG is collected, and as well as before and after the collection
system has been set up.

LFG migration can be estimated by considering factors including the properties
of the waste, the thickness of the landfill cover, and the phase distribution of
the contaminants. One-dimensional screening models such as the one devel-
oped by Jury et al (1990) can be used to indicate whether a given contaminant
is more likely to be lost to the atmosphere or stay more-or-less in place. Once
released to the air, LFG is subject to atmosphere dispersion.

For migration through the sides of the landfill and lateral migration away from
the landfill, the properties of the soil also need to be taken into account. LFG
can be transported through the soil by diffusion or advection, although diffu-
sion is usually the most important mechanism. Laterally migrating LFG can
either enter buildings or be released into the air.

The HELGA model (Human health and Environment risks from Landfill GAs)
has recently been developed with the aim of quantitatively evaluating the risks
of emissions of various components of LFG (Gregory et al, 1999). The model
estimates emissions and fate of LFG components, and subsequent exposure
pathways to help evaluate the risk of potential health effects and environmental
impacts (see Figure 2.2). In addition to human exposure via inhalation and the
explosion risk, Gregory et al (1999) consider vegetation stress, global warming,
and ozone depletion.

Exposure pathways
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Figure 2.2 The conceptual structure for the HELGA model, showing emissions to
air and subsequent exposure pathways for humans and the environ-
ment10 (Gregory et al, 1999).

2.2.3 Impacts of Main Components of LFG
CO2: Climate effects CO2 is a greenhouse gas that contributes to climate effects. (see "CO2" in

Section 1.1.8)  However, all of the CO2 emitted from a landfill site can be as-
sumed to originate from biodegradable organic waste (biogenic carbon) and
therefore neutral with regard to global warming. Non-renewable resources
('fossil' carbon), in e.g. plastics, are assumed not to degrade in landfills during
the first 100 years.

CH4: Climate effects CH4 also contributes to climate effects. CH4 is a more powerful greenhouse gas
than CO2 because of its radiative forcing ability. The effects of CH4 emissions
can be determined based on the estimates used for CO2 and the global warming
potential of CH4, expressed in CO2-equivalents. The choice of time scale has an
important influence on the global warming potential of CH4 (see Table 2.2). In
general, LCA methods use a time scale of 100 years to evaluate the impacts of
global warming (Wenzel et al, 1997).

Table 2.2 Global warming potentials for CH4 as a function of time.

Substance 20 years 100 years 500 years

CH4 62 g CO2/g CH4 25 g CO2/g CH4 8 g CO2/g CH4

Source: IPCCs 1995 status report, in Wenzel et al (1997).

                                                  
10 Although effects on agriculture are shown, they are not mentioned further. Effects on
agriculture could arise from emissions resulting from the combustion of LFG.
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Methane, like CO2, is assumed to originate only from biogenic carbon. Emis-
sions of CH4 caused by anaerobic conditions in landfills contribute more to
global warming than emissions of CO2. In order to estimate the impact of land-
filling on global warming, an equivalent amount of CO2 that would have been
emitted had the organic waste biodegraded in the environment e.g. a forest
where the conditions can be assumed to be predominantly aerobic, needs to be
subtracted.

The magnitude of the climate effect related to CH4 emissions depends on the
presence of a LFG collection and utilisation system, which converts CH4 to
CO2 during the combustion process. For fugitive emissions of CH4 and where
no LFG collection takes place, the amount of CH4 emitted depends on e.g. the
residence time in the soil and oxidation state of the soil, since CH4 can be oxi-
dised to CO2 in the soil.

CO2, CH4:Ecosystem Damage to vegetation can occur in the vicinity of landfills and numerous cases
have been reported in the literature. Damage caused by asphyxia in the root
zone results mainly from displacement of oxygen by LFG, oxidation of meth-
ane, and/or high concentrations of CO2 (>20%) (Christensen and Kjeldsen,
1995).

2.2.4 Impacts of Trace Components of LFG
Only VOCs are mentioned here, since VOCs are considered to cause the most
significant impacts. However, trace components of LFG depend on the compo-
sition of MSW, and other emissions can include CFCs leading to ozone deple-
tion.

Trace components of LFG can include VOCs such as vinyl chloride and ben-
zene, which are known carcinogens. The damages caused by VOCs are quanti-
fied in the ExternE project (see "VOCs" in Section 1.1.7 on impacts of incin-
eration); however, the specific VOCs emitted from a landfill are not necessarily
the same as those emitted from incineration. In addition, the fact that the emis-
sions from landfills occur at a lower height needs to be considered. Quantifying
impacts related to VOCs are complicated by e.g. the fact that inhalation limits
do not exist for many VOCs, and than emissions show wide ranges in uncer-
tainty (Gregory et al, 1999).

2.2.5 Impact of Dust
Fine particulates (PM10) emitted to air from incineration can increase both
mortality and morbidity, and cause damage to buildings (refer to Section 1.1.3).
However, the dust arising from landfill sites is not the same as particulates from
incineration and arises from both the waste itself, but also from internal opera-
tion and transport at the site. Dust from landfills occurs during the operational
stage of the landfill and can often be minimised by using precautionary meas-
ures, such as covering waste outside operation hours and controlling the mois-
ture content of the waste. Dust from internal transport at the site can be mini-

VOCs: Mortality and
morbidity



40 A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

mised by wetting the roads. No evaluation of the damages caused by airborne
dust from landfills was found during this study.

2.2.6 Impact of Emissions from Using or Flaring LFG
In addition to the displaced impacts from net energy recovery, other emissions
to air can occur as a result of flaring or utilising LFG. For example, dioxins can
be formed that can potentially have a wide range of effects on human health,
including the development and formation of cancers (see "Dioxins" in the sec-
tion on impacts of incineration). There is evidence that flaring and utilisation
reduces a large fraction of VOCs emitted, and although some VOCs are in
higher concentrations than those in 'natural' LFG, specific VOC emissions are
low (Gregory et al, 1999).

2.3 Impacts of Emissions to Soil and Water
The disposal of MSW at a landfill site is an emission to soil, which depends on
the quantity of waste to be landfilled and could be defined as the accumulation
of contaminants and/or resources e.g. heavy metals. However, it is the emis-
sions to soil and water that cross the landfill boundaries with the leachate that
are considered in this section.

2.3.1 Leachate
Leachate generated within a landfill varies in both quantity and quality over
time. Leachate can be emitted to the surrounding soil, after which the leachate
can enter groundwater and/or surface water. At landfill sites with a leachate
collection system, emissions to soil, groundwater and surface water are mini-
mised. Leachate is treated at the landfill site and/or at the local wastewater
treatment plant, prior to being discharged to surface water.

Leachate quantity The quantity of leachate generated depends mainly on the net precipitation in
the region and the type of landfill cover, which both influence the amount of
moisture that infiltrates into the landfill, as well as the initial moisture content
of the waste. Models exist that predict average leachate production following
landfill closure and waste saturation. A well-known model used to predict
leachate generation is the HELP model (Hydrological Evaluation of Landfill
Performance), which is a quasi-two-dimensional, deterministic water-routing
model that accounts for the effects of e.g. surface storage, runoff, infiltration,
evapotranspiration, vegetative growth, lateral subsurface drainage, leachate re-
circulation, unsaturated vertical drainage, and leakage through soil, geomem-
brane and composite liners (Schroeder et al, 1994).

According to Blakey (1992) infiltration rates should be estimated for each land-
fill where information that is more precise is required, as opposed to using na-
tional or regional averages, because of the high variation between sites. For ex-
ample, during the operational stage of the landfill between 20 and 70% of rain-
fall infiltrates into the landfill (Blakey, 1992). Kruempelbeck and Ehrig (1999)
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report infiltration ranges of 25-60% and 15-40% for closed landfills with soil
coverings of less than and more than 1 m respectively.

A
er

ob
ic

A
ci

d

In
iti

al
 m

et
ho

-
no

ge
ni

c

S
ta

bl
e 

m
et

ha
-

no
ge

ni
c

A
ir 

in
tru

si
on

M
et

ha
ne

 o
xi

-
da

tio
n

C
ar

bo
n 

D
io

x-
id

e

S
oi

l a
ir

Figure 2.3 General trends in leachate composition during different phases11 in the life-
time of a landfill (from Christensen and Kjeldsen, 1995).

Leachate quality Leachate quality depends primarily on the nature of the waste landfilled, and
varies over time. During the initial phases in the lifetime of a landfill, leachate
typically contains very high concentrations of organic carbon, ammonia, chlo-
ride, potassium, sodium and hydrogen carbonate, whilst concentrations of
heavy metals and specific organic compounds are relatively low (see Figure 2.3
above). Predictions of leachate quality are associated with considerable uncer-
tainty, reflecting a lack in understanding of the leaching process. Leachate
composition data is only available for certain landfills for a period of about 30
years, however leachate generation may continue for several hundred years. For
example, the long-term potential for remobilization of heavy metals from a
landfill (associated with a rise in redox potential that may occur after hundreds
of years) is unknown.

The landfill directive (1999/31/EC) requires that leachate be collected and
treated, unless this is considered unnecessary by the national environmental
authority. Leachate emissions are to be minimised to prevent a potential risk to

                                                  
11 Roman numerals represent different phases. Phase I lasts weeks, phases II and III last for
months, and the latter phases are thought to last from years to decades. Data exists up to
approximately phase IV or V.

Collection and
treatment
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soil and water by installing a geological barrier on the bottom and sides of the
landfill. For non-hazardous waste, the geological barrier should be more than 1
m thick and have a very low permeability. In addition, a leachate collection and
sealing system consisting of an artificial bottom liner and drainage layer more
than 0.5 m thick should be added to minimise the accumulation of leachate on
the surface of the liner/barrier.

The presence of a leachate treatment system, either at the landfill site and/or in
the form of the local wastewater treatment plant, reduces emissions to surface
water. However, a sludge is produced, containing pollutants that would other-
wise have been emitted to water. The sludge can be disposed of to landfill, in-
cinerated or spread onto agricultural land.

Leachate emissions Leachate emissions at unlined landfill sites are equal to the amount of leachate
generated. At landfill sites that possess a bottom liner and leachate collection
system, the amount of leachate emitted to the environment depends on the type
of liner and the hydraulic pressure on the surface of the liner. No liner is 100%
effective and all liners potentially leak due either to diffusion and/or advection
though small holes or fractures (see subsequent Section 2.7 on the risk of acci-
dents).

Monitoring The landfill directive (1999/31/EC) requires regular monitoring of leachate
volume and composition. The directive also specifies that surface water moni-
toring, where necessary, and groundwater monitoring should be carried out.
Samples should include background measurements (upstream/up-gradient of
the landfill) to enable comparison with leachate measurements and areas af-
fected by leachate discharge (downstream/downgradient). Indicator parameters
should be selected and trigger values established to enable early detection of a
change in water quality.

Table 2.3 Typical emissions to soil and water from a landfill (Petts and Eduljee, 1994).

Component Examples

Major ions Ca, K, Na, NH4, CO3, SO4, Cl

Heavy metals As, Cd, Cr, Pb, Hg, Cu, Ni

Organic compounds Chlorinated organics, phenol, benzene, specific pesticides

Other Microbiological components

2.3.2 Leachate Emissions to Soil and Water
The potential release of leachate to groundwater, and to a lesser extent surface
water, is the main reason behind the development of containment landfills with
leachate collection and treatment systems.

Fate in the soil Once released into the soil, pollutants can partition between the different phases
in the soil and be subjected to different fate processes shown in Figure 2.4 be-
low. The total concentration of a given pollutant is given as the sum of the con-
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centrations in the gas phase, the water phase, and the solid phase associated
with the soil particles (no separate or free phase is assumed). Pollutants dis-
solved in the water phase can volatilise to the gas phase, a process described by
Henry's Law. Once in the gas phase, particularly the unsaturated or vadose zone
above the water table, pollutants migrate through the soil mainly via molecular
diffusion.

Sorption

ATMOSPHERE

GROUNDWATER

Volatilisation

Leaching

Surface
Runoff

Plant uptake

Degradation

SOIL

SURFACE
WATER

Precipitation

Figure 2.4 Processes affecting the fate of pollutants in the soil and transport to
other media (the atmosphere, surface water and groundwater).

The distribution of pollutants between the water and solid phases is described
by sorption isotherms. Sorption is a general term for a complex process that
refers to the binding of a substance to a solid constituent in the soil, and in-
cludes absorption and adsorption processes. Subsequent release of the sub-
stance into the aqueous phase is referred to as desorption, although there is evi-
dence that desorption isotherms can be significantly different from sorption
isotherms and that fractions of certain compounds appear not to desorb (a phe-
nomenon known as hysteresis) (Yaron et al, 1996).

For heavy metals, the sorption process is complicated by the presence of other
cations, heavy metals, and especially dissolved ligands12 that can reduce sorp-
tion and thereby increase mobility. In addition, metals can precipitate from so-
lution onto the solid phase. For example, in many contamination situations
heavy metals in solution will be partly bound in complexes with ligands (inor-
ganic ions such as chloride or sulphate or organic molecules such as fluvic ac-
ids). Christensen et al (1996) showed that DOC from landfill leachate polluted
groundwater has the ability to form complexes with Cd, Ni and Zn, which in-

                                                  
12 An ion, molecule, or molecular group that binds to another chemical entity to form a
larger complex.
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creased the migration velocities of these heavy metals. However, the authors
concluded that the increase in velocity might not be significant enough to have
major environmental importance.

The degradation of organic contaminants is an important process as the result is
a loss of mass as opposed to a mass transfer from one phase to another, where
the contaminant still constitutes a potential problem. Degradation is often used
interchangeably with transformation, which refers to the unspecific alteration of
the original compound into another and is not necessarily the same as minerali-
sation, which describes the complete breakdown of the original compound into
naturally occurring compounds such as water and carbon dioxide. Biodegrada-
tion i.e. mediated by microorganisms is the most significant degradation
mechanism for organic compounds in the soil, although abiotic degradation e.g.
redox reactions can occur under anaerobic conditions.

Modelling leaching Leaching involves the transport of pollutants with the soil water. Therefore for
leaching to occur the contaminant is typically present in the aqueous phase, al-
though leaching can occur associated with solid particles suspended in the
aqueous phase e.g. metal complexes or organic colloids.

Numerous interdependent factors affect leaching including:

• contaminant properties (vapour pressure, solubility in water, octanol-water
partition coefficient, degradability)

• soil properties (organic matter content, texture/structure, microbial popu-
lation)

• environmental factors (net infiltration, temperature, pH, soil moisture
content, and vegetation).

Of the above factors, soil properties and environmental factors are site-specific.

The classic approach to modelling solute transport in the soil is to use the ad-
vection-dispersion or convection-dispersion equation (CDE). The total flux of
contaminant is given by the sum of two transport mechanisms are responsible
for the movement of dissolved substances (solutes) in the aqueous phase: diffu-
sion and convection. In addition, a general sink term is typically used to repre-
sent interactions that affect transport such as sorption and degradation. The
main drawback of the CDE is that it has largely been developed from studies at
the soil column scale, and solute transport processes at the field scale are sig-
nificantly influenced by the presence of micro- and macro-heterogeneity in soil
texture and structure. Preferential flow mainly involves the transport of con-
taminants in the soil water through cracks, fractures or macropores, particularly
in clayey soils, and results in the more rapid leaching of part of the contaminant
mass through the soil than that predicted using the CDE.

Contaminant transport through the soil, in both the unsaturated and saturated
zones, and the resulting concentration in the groundwater can be predicted us-
ing models that account for the different processes shown in Figure 2.4 above.
Complex flow and solute transport models require substantial amounts of site-
specific data to be able to run, which is often difficult to obtain or unavailable.
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Alternatively, simple flow models can be used that require less site-specific
data, but are less accurate, although considering the uncertainties involved may
be just a relevant to predict exposure from both groundwater and surface water.

2.3.3 Examples of Leachate Emissions
Groundwater contamination by landfill leachate has received more attention
that any of the other adverse effects of landfills, and numerous pollution inci-
dents have been reported in the literature (Lisk, 1991).

The abandoned Borden landfill in Ontario, Canada has been intensely used to
test numerical transport models because the underlying geology is relatively
simple, the aquifer characteristics are well know, and the leachate plume has
been monitored in detail. The landfill is situated over an unconfined shallow
sand aquifer overlying an extensive deposit of clayey and sandy silt that acts as
an impermeable barrier to the movement of contaminants (Frind and Hokkanen,
1987). The leachate plume at the Borden site is 3 dimensional, spreading both
horizontally and vertically, but only the chloride plume in the vertical plane
along a cross section through the plume centreline is shown in Figure 2.5 be-
low.

Figure 2.5 Chloride plume along a cross section at the plume centreline. Contours
are in mg/l (Frind and Hokkanen, 1987).

Frind and Hokkanen (1987) simulated the evolution of the chloride plume over
40 years (see Figure 2.6). Accurately simulating the plume involves detailed
knowledge of the hydrogeological characteristics at the site and the flow sys-
tem. The authors found that a third-type boundary condition for the water table
and a time-varying source concentration provided the best fit to the observed
chloride plume (Figure 2.5), and that there was a difference of about 3 orders of
magnitude between longitudinal and transverse vertical dispersivity in the
plume.

Evolution of a plume
in a sandy aquifer
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Figure 2.6 Evolution of the chloride plume over 40 years. The plume is doubly
peaked with third-type boundary condition, αL = 10 m, and αT = 0.01 m
(Frind and Hokkanen, 1987).

Natural attenuation A review by Christensen et al (1994) indicated that the extent of some leachate
plumes are limited by natural attenuation processes such as biodegradation and
retention of pollutants occurring within the soil. In general the plumes reviewed
were relatively short, generally less than 1 km. Highly anaerobic conditions
were often found in the aquifer close to the landfill site, and increasing redox
conditions with distance from the site. From observations of compounds that
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are not affected by attenuation processes e.g. chloride, dilution is also an im-
portant factor limiting the extent of plumes (Christensen et al, 1994).

Current understanding of (natural) attenuation processes in leachate plumes is
restricted to plumes in sandy aquifers from MSW landfills with a high content
of organic waste (Christensen and Kjeldsen, 1995). Where the hydrogeology is
more complex, the investigations and interpretation and especially modelling
the plume is more difficult.

2.3.4 Example of Remediation of a Landfill in Austria
From experiences over the last two decades, groundwater pollution is the main
environmental problem associated with old landfill sites in Austria. The major-
ity of these sites were built without a liner or leachate collection system. Addi-
tionally, landfill gas can cause serious threats. The impacts of landfills are il-
lustrated below, by the example of one of best known contaminated sites in
Austria: the Helene Berger landfill13.

A former gravel pit 50 km south of Vienna, the Helene Berger landfill has been
used as a landfill for more than 10 years until 1987. The total amount of waste
landfilled has been estimated at 850,000 tons including household waste, in-
dustrial waste, demolition waste and some chemical waste. The landfill had no
cover, no liner and no leachate collection system.

The landfill was situated on a rich gravel aquifer, which is the largest ground-
water system in Austria. Depending on changing meteorological and the hy-
drological situations the groundwater table varies by several meters and oscil-
lated into the landfill. The landfill is placed upstream of extraction wells used
for municipal water supply and within a groundwater protection zone. After
monitoring of the site showed the first impacts on groundwater, a comprehen-
sive investigation program was started that included:

- waste sampling and leachate tests

- measurements of landfill gas and detection in the surroundings

- drilling of monitoring wells

- sampling and analysis of groundwater.

Landfill gas The landfill showed an intensive production of landfill gas. Methane was
measured up to concentrations of 70 percent. Gas samples also showed in-
creased levels for aromatic hydrocarbons (e.g. benzene 30 mg/m³, xylene 190
mg/m³) and volatile chlorinated hydrocarbons (TCE 118 mg/m³, PCE 30
mg/m³). In 1990, some explosions within wells or other underground installa-
tions close to the landfill were reported. Measurements close to the site also
showed clear evidence of landfill gas migration.

                                                  
13 Information about the Helene Berger landfill was provided by Dietmar Müller, from the
Austrian Federal Environment Agency, June 1999.

The Helene Berger
landfill
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Leachate quality As the landfill was built without a liner, it was not possible to sample the
leachate directly. To get data for an assessment, leachate tests with waste sam-
ples have been performed. The results showed that in general the quality of the
leachate did not meet the standards for release to surface waters and was com-
parable to urban wastewater. The driving parameters were ammonium (> 5,0
mg/l), the Chemical Oxygen Demand (COD > 100 mg/l), and a high conduc-
tivity (> 3.000 µS/cm) representing a high content of inorganic substances.
Some leachate also showed indications of increased levels of volatile organic
pollutants. The content of heavy metals was negligible.

Groundwater quality Downgradient of the landfill, the results of investigations showed major
changes in groundwater quality. Due to the infiltration of a methanogenic
leachate with a very low redox potential, the chemical status was changed. A
sequence of redox zones downgradient of the landfill could be identified,
caused by the degradation processes initiated by the organic matter present in
the landfill leachate a total loss of dissolved oxygen. To picture the inorganic
and organic pollution ammonium and chloride can be seen as indicating pa-
rameters. Ammonium showed concentrations up to 267 mg/l, Chloride up to
461 mg/l. Some groundwater samples also showed increased levels of total pe-
troleum hydrocarbons (TPH 160 µg/l), aromatic hydrocarbons (BTEX 14 µg/l)
and volatile chlorinated hydrocarbons (TCE, PCE).

Remediation cost Since 1996 a remediation project has been under progress. In the period up to
1998, a total of 890,000 tons of waste has been removed and treated. For the
completion of the remediation project, the contaminated gravel and sand (more
than 150,000 tons) at the bottom of the landfill also have to be removed. The
total cost of the remediation project will be more than 100 million Euro.

2.3.5 Impacts and Exposure Pathways
Little is known about the long-term behaviour of landfills, but leachate genera-
tion is the factor determining the length of the aftercare period (Kruempelbæk
and Ehrig, 1999). Leachate is generated for years after the waste has been land-
filled, which implies, just as for LFG emissions, that the resulting impacts can
also occur over long periods of time.

A conceptual model of the potential exposure pathways to contaminants in
leachate and potential receptors is shown in Figure 2.7 below. Contaminants in
landfill leachate that enter the groundwater may eventually reach aquifers used
as a drinking water supply. This can lead to human exposure via ingestion of
the water and/or adsorption through the skin upon contact with the water e.g.
when showering, and/or even via inhalation of the more volatile contaminants.
Once in the groundwater, leachate seepage to the soil surface can lead to human
exposure via inhalation following volatilisation and/or dermal contact. Leachate
seepage can also lead to the exposure of terrestrial wildlife, and potentially of
people who consume this wildlife.

Exposure pathways
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Figure 2.7 A conceptual model of the potential exposure pathways to contaminants
in groundwater and receptors (from Sara (1994)).

Additional exposure pathways that interact with the groundwater include trans-
port in the gaseous phase and exposure via surface water. Contaminants in
leachate polluted groundwater can volatilise into the soil air (landfill gas) and
components in landfill gas can dissolve into the soil solution. As well as
leachate seepage, contaminants can be transported with groundwater to surface
water, where aquatic wildlife can be exposed via ingestion, dermal adsorption
and bioconcentration. People can be exposed in the same way by swimming in
surface water or consuming wildlife that have been exposed to contamination.

LandSim is a model developed to help regulators assess the risk posed by a
landfill site by quantifying leachate production, transportation and attenuation
that is considered in the model. Based on the fact that the goal of regulators is
to protect human health, any impact on the receptor (people) is due to the
movement of leachate and the potential contamination of abstraction boreholes
and surface water bodies. A conceptual model of LandSim is shown in Figure
2.8.

Human exposure
(LandSim)
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Figure 2.8 A conceptual model structure for LandSim, showing human exposure to
leachate contaminated groundwater. 1 = unsaturated pathway; 2 =
vertical pathway; 3 = aquifer pathway (EA, 1996).

There are five main elements in the risk analysis in LandSim, including the
source term, engineered barrier, geosphere, biosphere, receptors. Each element
has internal processes and the output of one element forms the input to the next.
When modelling a landfill, the user is requested to enter data to determine the
method and rate of contaminant movement and contaminant concentrations
along the exposure pathway, from the engineered landfill to the biosphere (see
EA (1996) for more detailed information).

The waste itself is referred to as the source term, from which leachate is gener-
ated. The output of the source term is a list of contaminants, together with their
concentrations and volumes that both usually vary with time.

The engineered barrier refers to the landfill liner and leachate collection system.
Issues for engineered barriers, where these are present, include the reliability of
the design equations, the degree to which construction achieves the design ob-
jectives, and subsequent degradation of the barrier. Leakage through the engi-
neered barrier system corresponds to the release rate for the source term.

Once released by the engineered barrier, contaminants enter the geosphere i.e.
the soil and rock system and are transported to the receptors of the biosphere.
Processes considered are advection and dispersion of contaminant, retardation
(sorption) and possible degradation of the contaminants to other species. For
simplicity, the model of the geosphere is separated to three zones shown in
Figure 2.8 above: 1) an unsaturated zone directly under the landfill, in which
flow is vertical; 2) a saturated zone exhibiting vertical flow, which is intended
to represent a saturated confining bed in a layered system; and 3) an aquifer
zone in which flow is horizontal. The output of the geosphere is the time for a
given contaminant to reach a receptor and the concentration to be expected.
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Finally, the biosphere is the environment where people (receptors) can be ex-
posed to the residual contamination from the geosphere. To assess the probable
effects of contaminant intake (dose) on human health, a knowledge of dose risk
relationships is required. However, this type of assessment falls outside of the
scope of the current version of LandSim. The biosphere could comprise, for
example, a public groundwater abstraction well together with some exposure
through food and direct dermal contact during washing.

Evaluation of impacts Evaluations of the environmental impact of specific components in the leachate
are preliminary. Exposure is generally not quantified and evaluations of im-
pacts are limited to comparisons of predicted no-effect levels or thresholds with
the concentrations determined in leachate samples (a so-called screening risk
assessment). No investigations were found using a dose-response approach to
assess environmental impacts. For example, the impact of phthalates from land-
filled PVC waste was evaluated using a screening risk assessment (Mersiowsky
et al, 1999), in which leachate concentrations were assumed to be environ-
mental concentrations and compared to threshold levels from aquatic toxicity
tests.

Time Time is an important factor in the risk associated with a landfill since the
situation during the operational stage of a landfill's lifetime will be different
from the performance of the same site 10 years after closure and certainly quite
different after 100 years. As previously mentioned in Section 2.3.1, leachate
quality and quantity vary over time. In addition, time affects the system pa-
rameters, such as the extent of clogging of the drainage system and liner per-
meability. However, time has not explicitly been included in any of the litera-
ture reviewed i.e. varying parameters continuously over time. Instead, model
output is assessed at discrete time periods. Different time frames are used. For
example, the LandSim model described above analyses the situation at three
times: 1) during the operational phase or just before closure; 2) immediately
following closure; and 3) 30 years after closure. ORWARE, a simulation model
for handling organic waste in urban areas includes a landfill submodel in which
two timeframes are used: 1) a short surveyable time (about 100 years); and 2)
an infinite remaining time (Dalemo et al, 1997).

At landfill sites where leachate is collected, the presence of a leachate treatment
system can reduce the emissions to water, by producing a sludge containing
contaminants that would otherwise have been emitted to surface water. The se-
lection and application of a leachate treatment method at the landfill site is
complex because of the large variability in leachate quality (composition and
concentration of specific contaminants) between sites and over time. Discharge
criteria are also site-specific, making general observations about treatment sys-
tems difficult. However, treatment methods can be divided into 3 main catego-
ries: 1) physical/chemical pre-treatment e.g. use of precipitants/flocculants; 2)
biological treatment e.g. activated sludge; and 3) tertiary treatment e.g. use of
activated carbon (EC, 1994). The sludge produced from the treatment of
leachate is then typically disposed of to the landfill and the (pre-)treated
wastewater discharged to the local sewage treatment plant or directly to the sur-
face water recipient. Not all leachate collected at MSW landfill sites is treated
onsite, and landfill leachate can be piped or otherwise transported offsite to the

Leachate treatment
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local sewage treatment plant. The potential impacts on sewage treatment plants
are described in Section 1.2.

2.4 Land Use
Externalities Landfill disposal is associated with use of land, which is generally considered

to be a negative externality. The issue of land use is particularly in focus where
land is scarce and it becomes more difficult to find a suitable landfill site be-
cause of public opposition, sometimes referred to as the NIMBY syndrome
(Not In My BackYard). One of the arguments in favour of incineration is the
reduction in the volume of MSW to be landfilled (typically up to 90%). How-
ever, landfilling could be considered as a positive externality where MSW is
used to fill old quarries or reclaim land.

Potential exposure to MSW at a closed landfill site can affect the possibilities
for using the site. For example, exposure can occur via dermal adsorption of
contaminants due to direct contact with the waste or with waste-contaminated
soil. Another potential onsite impact is the upward migration of landfill gas that
may be inhaled or cause buildings erected on the site to explode. When devel-
oping the site after the landfill has been closed, the above potential exposure
pathways need to be considered.

Landfill settlement can impede the development of the site. The main cause of
landfill settlement is waste decomposition that increases the void space and
weakens the structural strength of the waste, which can affect the integrity of
buildings erected on the landfill (El-Fadel et al, 1997).

2.5 Displaced Impacts
Net energy recovered from utilising LFG displaces environmental impacts as-
sociated with the production energy from conventional sources e.g. coal-fired
power stations.

2.5.1 Energy Recovery
LFG, particularly methane, emitted from the decomposition of the biodegrad-
able organic material can be collected and used to recover energy. A reduction
in the proportion of the organic fraction landfilled, in accordance with the land-
fill Directive (1999/31/EC) may thus reduce the production of landfill gas and
energy recovered from landfills, although this will happen over a period of 10-
15 years.

2.5.2 Displaced Emissions and Impacts
The energy recovered from LFG displaces pollution associated with the gen-
eration of electricity and/or heat from conventional energy sources, just as for
energy recovery from incineration (refer to Sections 1.4.2 and 1.4.3). However,
a complicating factor for landfills is the fact that active aftercare including

Impacts and future
land use
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monitoring and leachate collection and treatment requires energy, making esti-
mates of net energy recovered time dependent.

Pollution from conventional energy sources includes emissions to air, soil, and
water (refer to Table 1.8 in Section 1.4.2). Energy recovery also has the added
benefit of reducing the consumption of often finite energy sources (e.g. fossil
fuels).

2.6 Disamenity Impacts
Disamenity impacts refers to the nuisance caused as a result of the presence of a
landfill including noise, dust, litter, odour, and the presence of vermin. Noise
can be a major source of disamenity, caused by the traffic to and from the land-
fill and the onsite operations e.g. compaction of landfilled waste. Airborne dust
can cause soiling and wind-blown litter is unsightly. The nuisance caused by
dust and litter can be reduced by simple precautionary measures such as cov-
ering the waste outside operation hours, controlling the moisture content of the
waste, and spraying dirt roads. In addition, regularly tidying up of the area sur-
rounding the landfill further reduces the impact of litter. Odour is mainly
caused by emissions to air of hydrogen sulphide (H2S) and compounds con-
taining organic sulphur (mercaptanes), mainly during the operational phase.
These odour-causing emissions are not thought to give rise to health effects,
since the threshold limit is generally above the level where odours are detected
(Christensen and Kjeldsen, 1995). Finally, the presence of vermin, attracted by
the organic waste received at the landfill, can be a nuisance as well as a poten-
tial health problem, since many may transmit diseases. In fact, rodents living in
the vicinity of landfills have been used as bioindicators of health effects, mainly
associated with hazardous landfill sites (e.g. Redi et al, 1999).

2.7 Risk of Accidents
The previous sections describe outputs during normal operation of landfill sites.
An accidental or sudden occurrence results in the same outputs as during nor-
mal operation, but affects the magnitude of the outputs. Typically, accidents
increase emissions, and reduce or prevent energy recovery. The risks of acci-
dental and sudden occurrences at landfills are described below.

2.7.1 Main Risks at Landfills
The main risks of accidents at landfills relate to biological decomposition proc-
esses occurring within the landfill. The risks include:

• surface and underground fires
• explosion hazard
• accidental emissions of leachate.

Fires Where LFG, particularly methane, is not collected but emitted directly to the
atmosphere, a risk of surface fires occurring at the landfill exists (Christensen
and Kjeldsen, 1995). Fires can also be caused by landfilling inflammable waste.
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Subsurface fires, which can occur under both aerobic and anaerobic conditions,
are often difficult to detect, can last for months or even years, and can be diffi-
cult to extinguish once smoke, flames, or glowing waste is observed (Lewicki,
1999). Surface fires lead to the uncontrolled emission of toxic compounds to air
including dioxins and VOCs. Subsurface fires can also have long term negative
effects on LFG production.

Explosions The main risk is the migration of LFG into buildings at the landfill site and
nearby houses, e.g. through cracks in building foundations, and the risk of ex-
plosion. Numerous cases of elevated concentrations of CH4 in houses have been
reported as well as cases involving explosion and human injury (Christensen
and Kjeldsen 1995).

Leachate emissions For containment landfills with leachate collection and treatment systems, the
release of leachate to groundwater and/or surface water can be considered as an
accidental occurrence. However, relatively little is known about predicting the
risk of a leak and the impact on groundwater. For example, environmental
statements made for landfills in the UK have a tendency to concentrate on the
leachate management system as opposed to the risk of a leak (Petts and Edul-
jee, 1994).

All liners can potentially leak. Leachate can be released into the soil either by
diffusion through the liner and/or by advection through small holes or fractures.
Typical causes of leaks are differential settlement, cracking due to adverse cli-
matic conditions and/or ageing, poor sealing along joints, puncturing during
installation, chemical/biological corrosion, and clogging of drains and filters
(Cossu, 1994).

The percentage of leachate that leaks through the liner to the surrounding soil
depends on the type of bottom liner used, and the hydraulic pressure on the sur-
face of the liner. For a given hydraulic pressure, leakage can vary by orders of
magnitude for different liners, with composite liners releasing the least amount
of leachate (see Table 2.4 below).

Table 2.4 Leakage (in % percent of leachate generated) with different types of
bottom liners and hydraulic pressure.

Hydraulic pressure on surface of liner
Liner Thickness of liner

1 m 0.1 m 0.01 m

Clay liner 1 m 2.4% 1.3% 1.2%

Plastic liner 0.001 m 100% 32% 9%

Composite liner (clay +
plastic)

1.001 m 0.03% 0.004% 0.0004%

Source: Boll (1992).
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2.7.2 Hazard Analysis at Landfills
For landfills, an alternative to a full risk assessment, such as the HAZOP analy-
sis carried out for incineration plants, is a hazard checklist. The Hazard As-
sessment of Landfill Operations (HALO) in the UK is an example of such a
checklist and is similar to the US EPA's Hazard Ranking Scheme (HRS).
HALO and HRS score and weight data in relation the following components
(Petts and Eduljee, 1994):

• nature of waste landfilled
• landfill operations
• groundwater and surface water pathways
• LFG risk potential
• risk potential of direct contact
• public perception.
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3 Economic Valuation Methods
The previous appendices identified and described the relevant emissions and
their possible impacts. Ideally, the economic valuation is the next step in com-
pleting an externality assessment. This appendix first provides an overview of
different economic evaluation methods. Next, the most important valuation
methods in relation to landfill disposal and incineration of waste are explained.
The role and potentials of benefits transfer in valuation of externalities are dis-
cussed together with other important issues. The discussions in this appendix
provide an important background and knowledge against which to interpret the
results from the valuation of externalities from landfill and incineration. Such
results are summarised in the following appendices.

3.1 Introduction
Chapter 2 provided a brief introduction to the concept of CBA. It explained the
rationale for undertaking economic valuations of environmental goods and ef-
fects that do not have an observable market based price with a view to the po-
tentials of cost-benefit analyses and their use as decision tools in the public de-
cision-making process.

Economic valuation of externalities can be defined as an attempt to estimate
the value that individuals place on environmental goods and other goods with
no observable price in the market.

Hence, the fundamental principle in economic valuation is the estimation of
prices that are based on people’s willingness to pay (WTP) for a given envi-
ronmental benefit or willingness to accept (WTA) compensation for a given
nuisance level. Values of environmental goods can be derived by measuring
people's willingness to pay (WTP) for the goods, i.e. much they would forego
in income to obtain an increase in environmental quality.

There are several techniques for the monetary valuation of environmental dam-
age or externalities. The main valuation techniques can be split into three cate-
gories:



60 A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

• Revealed preference methods

• Expressed preference methods

• Market valuation of physical effects

With the exception of some techniques in the category of market valuation of
physical effects, the techniques in the three main categories all base the final
valuation on individuals’ willingness to pay, or on demand curve approaches14,
and are thus founded in economic welfare theory. However, in addition to these
techniques based on demand curve approaches, non-demand curve approaches
are also occasionally used to approximate values of environmental change, al-
though these do not offer true welfare measures (see below).

Estimating a price of an environmental good is essentially about finding the
price that society is prepared to pay for the good. Valuations methods based on
WTP are the most attractive from an economic point of view, but too much
emphasis should not be put on these methods since there are also disadvantages
with these methods. For example, using WTP valuation methods people need to
be well informed of the subject at hand and make realistic choices. This is dis-
cussed more thoroughly in the following. For the moment, it is important to
stress that sometimes the best way to estimate a value can be by using an ap-
proximate methods or simply letting politicians (technocrat's) deciding the
price.

The revealed preference methods attempt to uncover individuals’ willingness to
pay for a given non-market good from the individuals’ actual actions in the
market. The methods are also known as indirect methods, since they are not
based on explicit statements from individuals about their preferences.  The ap-
proaches rest on the premise that the prices of some market goods or services
partly reflect the quality of various environmental attributes. The individuals’
preferences for the environmental good are then inferred, by exploiting this
complementary relationship with the market good.

The main methods that are based on revealed preference techniques include the
hedonic pricing method, the travel cost method, and avertive behaviour (also
known as defensive expenditure). All three methods use data on individuals’
behaviour observed in the market to estimate the individuals’ preferences. See
below for a more detailed explanation of the hedonic pricing method.

Methods based on expressed preference techniques try to uncover individuals’
willingness to pay for a change in environmental quality, by eliciting their
willingness to pay for such a change. These methods are also known as direct
                                                  
14 The relationship between the quantity of a good demanded and its price is called the de-
mand curve. Demand curves are generally downward sloping, that is the higher the price,
the lower the demand for the good. The demand curve for a good can be interpreted as a
marginal WTP curve. Hence, for every quantity of the good, the demand curve gives the
maximum amount of money that the individual is willing to pay for one extra unit of the
good.

Revealed preference
methods

Expressed preference
methods
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methods, because they use direct statements from individuals about their pref-
erences to estimate the value of the environmental changes.

The contingent valuation methods and the stated preference methods15 com-
prise the two main families of elicitation formats, within the expressed prefer-
ence grouping. Both methods use surveys to elicit individuals’ preferences. The
category of stated preference methods include techniques such as choice ex-
periments, contingent ranking and contingent rating. However, none of the
stated preference methods have been used much in the contexts of landfills and
incinerators. See Section 3.3 for a more detailed explanation of the contingent
valuation method.

Methods based on market valuation of physical effects seek to value environ-
mental changes by observing physical changes in the environment and esti-
mating what difference these changes will have on the value of goods and
services16. For example, air pollution from incineration of waste may cause ad-
verse health effects and damage the growth of crops. In the case of damage to
crops, the air pollution imposes a cost on farmers, which can be measured as
the international market value of the loss in crops. If the impact is a non-
marginal change in crop yield, this might affect the market price. Thus, a de-
cline in crop yield would be followed by an increase in price. This would mean
that farmers would recoup some if not all of their losses, whereas consumers
would be paying more for less. Thus, in order to include all of the engendered
welfare loss, it would not suffice to value the decline in crop yield at market
prices; in addition to the change in producer surplus, consumer’s welfare loss
would also need to be estimated.

The most common technique within the market valuation of physical effects
category is dose-response measures, which basically is a technique that meas-
ures the damage (response) caused by exposure to chemical substances (dose).
See Section 3.4 for a more detailed explanation of the method.

Market valuation of physical effects approaches also include the human capital
approach and the replacement cost method. The human capital approach esti-
mates adverse health effects stemming from air pollution by measuring the ef-
fect on the productivity of employees. When applying the replacement cost
method, the cost of damage is estimated by using the value that it costs to put
the harm right.

In addition to the above valuation methods which are founded in economic wel-
fare theory, there are a number of methods that are used to obtain approxima-
tions of the values placed on environmental goods by society. These methods
can be characterised as non-demand curve approaches and some of the methods
in this category partly overlap methods based on market valuation of physical
effects.
                                                  
15 This group of techniques is also known as conjoint analysis methods in the marketing
literature.
16 In the literature, the techniques characterised as the market valuation of physical effects
are sometimes also characterised as damage cost approach.

Market valuation of
physical effects

Non-demand curve
approaches
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The non-demand curve approaches include the clean-up cost approach and the
abatement costs approach, as well as approaches that base the valuation on ju-
ridical penalties awarded as compensation due to pollution damage on private
property. These valuation techniques are characterised as non-demand curve
approaches because they are not based on the fundamental principle of using
individuals' willingness to pay in the monetary valuation estimation, and thus
do not offer true welfare measures but only crude approximations.

However, since several valuation studies, in relation to economic valuation of
effects arising from landfill and incineration, are based on these non-demand
curve approaches, the clean-up cost method and the avoidance cost method will
be described together with the other valuation techniques in the following.

The different valuation methods are categorised in Table 3.1.

Table 3.1 Categorisation of valuation methods.

Categories Valuation methods

Demand curve approaches:
Revealed preference - Hedonic pricing

- Travel costs
- Avertive behaviour
- Defensive expenditure

Expressed preference - Contingent valuation
- Stated preference (Conjoint analysis)
              - Choice experiments
              - Contingent ranking/rating

Market valuation of physical effects - Dose-response approach
- Human capital approach
- Replacement cost method

Non-demand curve approaches - Clean-up cost
- Avoidance cost
- Abatement cost
- Linked environmental values

The following sections provide short descriptions of the methodologies used in
the most commonly applied economic valuation techniques - and with a par-
ticular view to the externalities arising from landfill and incineration of waste.
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3.2 Hedonic Pricing
The hedonic pricing method is based on assessment of the value of environ-
mental services through willingness to pay for related goods or services ex-
pressed in market terms. The relationship between the environmental variable
of interest and a related marketed good is estimated, including all explanatory
variables and other characteristics thought to be relevant in determining the
price of the marketed good. Thus, the method involves finding a market and
price for some marketed good and service that is influenced by an environ-
mental good or attribute. The value of the non-market good can be estimated by
analysing prices for the marketed good and different levels of quality for the
environmental attribute. This is best described by an example:

Consider a property with contaminated soil. The price of the property reflects
the characteristics of the property such as size and location but also the envi-
ronmental quality of the soil. A poor environmental quality of the soil will de-
crease the attractiveness of the property and this decrease will be reflected in
the price of the property. By applying econometric analysis to large data sets,
the environmental attribute can be isolated from the various other factors de-
termining the price of the properties17. Finally, when the attribute is isolated the
price of the attribute can be calculated.

In the same way, properties located near environmental disamenities such as
landfills and incinerators will suffer a decline in their attractiveness, which all
other things being equal will decrease the price of the properties. The fall in
price due to environmental disamenity can be isolated and provide an estimate
to the value that people place on the disamenity. This approach has been used
in several studies, which aim to value disamenity costs of landfill and incinera-
tion.

Although the market for property is usually the basis for hedonic pricing, the
related marketed service can also be labour. Similarly to the way that a price of
a property can reflect the property's characteristics, the wage can reflect char-
acteristics like age, skill level, and experience as well as any exposure to envi-
ronmental or occupational risk. Labour markets will adjust wages upward to
compensate for workers’ exposure to environmental risks or unpleasantness.

3.3 Contingent Valuation
The contingent valuation (CV) method is based on assessment of the value of
environmental impacts, through a form of market research. In a market survey,
people are simply asked what they would be willing to pay for a quality im-
provement in a particular environmental attribute or to prevent a further dete-
rioration of the environmental attribute.

                                                  
17 The most common approach to isolate the effect of the environmental attribute is to use
multiple regression in which data for a number of independent variables is used to explain
the variation of a dependent variable.
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Contingent valuation surveys ask respondents questions about how they value
environmental change. For example the question could be" Would you be
willing to pay $xxx to improve the view of a landscape by removing ...".
Through this type of questions, the value can be obtained by aggregation of the
individuals’ willingness to pay. It seems easy to conduct a survey, but a proper
survey is data-intensive, costly, and time-consuming.

In principle, the contingent valuation method can be employed in every situa-
tion, since it is concerned with hypothetical events such as improvements or
deterioration in the environment. However, it is important to emphasise that the
values that individuals express in interviews depend heavily upon the descrip-
tion of the good, whether it is actually provided, as well as the way that it
would be paid for. This entails some constraints in what contingent valuation
can be applied to in practice. For example, asking individuals what they would
be willing to pay to avoid a third world war is not a question that should be
asked, because people are not able to assess the full consequences of a war.
Moreover, according to the NOAA Panel (Solow et al (1993)) guidelines for
the conduct of CV studies should require that respondents are carefully in-
formed about the particular damage to be valued, and about the full extent of
substitutes and undamaged alternatives available.

Some economists are sceptical of results derived from direct valuation methods
such as contingent valuation, due to the fact that individuals participating in the
interviews are not bound by their answers, i.e. they are not required to actually
pay what they have stated they were willing to pay. The implication is that in
cases where surveys are used to inform policy decisions affecting environ-
mental quality, individuals can either exaggerate or understate their true WTP
in order to influence the likelihood of a proposed project or policy going ahead.
In spite of the problems with contingent valuation, the method has great poten-
tial as a source of data in areas where other techniques are not feasible, or as a
check on data obtained by other sources.

It should be noted that contingent valuation can be applied to estimate values
for public goods, such as air quality, landscape and biodiversity as well as to
goods and services sold to individuals, such as improved water supply or im-
proved public transport. In relation to landfills and incinerators the contingent
valuation method has been applied to analyse the willingness to pay not to live
near a site or willingness to accept compensation for having such facilities sited
in the immediate vicinity.

3.4 Dose-Response Approach
The dose-response approach estimates the physical impact of an environmental
change on a receptor, as for example the corroding effect of air pollution on
materials, acid rain on crop yield, or air pollution on the health of humans. The
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dose-response approach establishes a link between a given pollution level
(dose) and some physical impact (response)18.

The dose-response technique can be seen as the most straightforward way of
valuing environmental change, since the approach is about observing physical
changes in the environment and estimating what differences they will make to
the value of goods and services. The technique values environmental damage
using a four-stage procedure:

• Firstly, emissions from a given activity is identified and estimated.

• Secondly, the exposure of the receptors over time is quantified on the basis
of the emissions and the number of receptors.

• Thirdly, the impact on the receptor is quantified; e.g. the difference that the
environmental change will have on output or costs or the increase in the
risk of cancer given a certain exposure.

• Fourthly, the economic value of the change in output or costs is estimated,
for example by using market prices or economic values of non-market
goods obtained from other economic valuation studies.

The four-stage procedure shows that the dose-response techniques require both
scientific and economic data.

The main concerns of the dose-response approach is to assess the exposure of
receptors to the substance as well as the link between the dose and the response,
e.g. the damage to trees and plants caused by acid rain that can be attributed to
emissions of, say SO2. However, valuation itself is a separate problem. Based
on dose-response data and damage functions the economic costs or benefits of
environmental change can be estimated. Moreover, the damage or physical im-
pact caused by environmental change can be converted to economic values us-
ing the prices of the units of output. The prices can be simple prices observable
in the market, but they can also be prices of environmental goods, which have
been derived by measuring people's willingness to pay by means of any eco-
nomic valuation method19.

This implies that the dose-response technique in itself is not really an economic
valuation technique, since in the end the shadow prices used for valuing the en-
vironmental impacts often originate from other valuation studies.
                                                  
18 The dose-response technique relates changes in environmental quality to changes in pro-
duction relationships. Therefore, in the literature the approach is also referred to as the pro-
duction function approach or as the impact pathway method.
19 There is a discrepancy in the literature regarding the definition of the dose-response
technique. Sometimes the dose-response technique is described as a method that only in-
clude valuation of environmental changes, which cause impacts that can be associated with
observable market prices. However, in this report the definition that the dose-response
technique can use prices observed in the market as well as prices derived by measuring
people's willingness to pay by means of any economic valuation method is used.
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The dose-response technique does not solely apply to valuing costs. Some envi-
ronmental changes have positive effects on output and the dose-response ap-
proach can also be applied for valuation in these cases.

3.5 Clean-Up Cost Approach
The clean-up cost approach is an approximate valuation technique, which does
not base the monetary estimation on individuals’ willingness to pay.

The basic principle of the approach is estimation of costs associated with
cleaning up or reducing a particular pollution to avoid adverse impacts. Using
the clean-up cost approach it can be measured how much it costs to reduce
leachate from landfills or reduce emissions from incinerators. These costs are
used as a proxy for the economic value of the environmental damage.

The idea is that once the damage resulting from pollution is done, then the costs
of rehabilitation to achieve the pre-damage situation will appear as a measure of
damage done. From an economic point of view, this deduction is at the very
least debatable. Strictly speaking, the costs of cleaning up are not a substitute
for damage costs. Hence, the costs need to be used with caution if they are ap-
plied as measures of damage.

Thus, the clean-up cost approach does not come without flaws and problems,
but it is an important approximate valuation technique, since in many contexts
it may be difficult or impossible to find more direct measures of damage.

If it holds true that society will always restore the damage to the pre-damage
situation, then costs of cleaning up is a reasonable proxy for damage. Indeed,
the valuation is then a minimum estimate since society may value the cleaning-
up as more valuable than what it costs to achieve it. However, of course a po-
litical decision to always restore the damage to the pre-damage situation will
not always be optimal from a societal point of view if it is assumed that solid
economic WTP estimates exists. E.g. situations will probably occur, where the
damage cost of pollution calculated from the economic estimates, if not
cleaned-up, will be less than the actual clean-up cost. On the other hand, the
restoration to the pre-damage situation will (per definition) be optimal if the
economic estimates are equal to the political preference.  If society does not
operate with a political decision, clean-up costs as a proxy for damage might as
well be an overestimation as an underestimation.

3.6 Avoidance Cost
The avoidance cost approach is parallel to the clean-up cost approach in many
ways. The avoidance cost approach is also an approximate valuation technique,
which does not base the monetary estimation on individuals’ willingness to
pay20. Once again, the fact that the monetary valuation is not based on WTP

                                                  
20 The avoidance cost approach sometimes goes under the name of the control cost ap-
proach (or the pollution abatement and remediation approach).
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means, that it is not based on a demand curve approach. The implication of this
is that the method does not have a solid foundation in economic welfare theory.

In the avoidance cost approach the basic principle of the approach is estimation
of costs associated with avoiding rather than cleaning up a particular pollution
that has already occurred to prevent adverse impacts.

If the approach is undertaken to completely avoid a particular pollution, the
same economic consideration applies to the avoidance costs approach as ap-
plies for the clean-up cost approach.

However, when applying the avoidance cost approach, a particular pollution
does not have to be avoided completely. The pollution merely needs to be
abated to apply the approach. Pollution abatement rather than a complete
avoidance actually improves the valuation estimates from an economic point of
view. The reason for this is that the value that society places on residual emis-
sions are a point on the rising marginal cost curve of abating pollution. The
highest amount that is required, or actually observed to be spent on the abate-
ment of a specific pollutant can be taken as the minimum value that society
places on removing this pollutant from the environment. If society placed a
higher value on a particular pollution, it would increase the standards, which
would increase the costs used for abatement of the pollution. Thus, in this ap-
proach the highest actual cost associated with the removal of the pollutant is the
economic value that can be apply for the presence of that particular pollutant in
the environment. This is based on the assumption that the standards in place at
any one time are optimal, i.e. reflects people’s demand for environmental qual-
ity. However, emission standards are continuously revised, mostly in an ever
more stringent direction. This would suggest that abatement costs underesti-
mate the true damage costs. However, whilst the (avoidance) costs involved in
achieving two different environmental standards might be the same, the
avoided damage might be of different orders of magnitude. Consider for exam-
ple a case, where the avoidance cost associated with installing a landfill liner is
Euro X, and, similarly, the avoidance cost associated with some measure to
contain nuclear waste is Euro X.  It may be that the cost associated with in-
stalling the landfill lining happens to be equal to the damage thus avoided.
However, one could easily imagine that the avoided damage from containing
the nuclear waste is, say Euro 100X. However, by using the avoidance cost ap-
proach, the avoided damage in the two cases would be judged to be the same.

Just as the clean-up cost approach the avoidance cost approach does not come
without flaws and problems, but it is an important approximate valuation tech-
nique, since in many contexts it may be difficult or impossible to find more di-
rect measures of damage.

3.7 Other Valuation Issues
This section aims to highlight some of the general problems and issues for dis-
cussion that cannot be directly referred to one and only one category of valua-
tion methodologies.
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3.7.1 The Value of a Statistical Life
The presentation of the valuation methods included only very little information
on the approaches that is undertaken to value specific impacts. However, the
valuation of impacts to human health calls for some further elaboration.

Valuation of impacts on human health, especially the valuation of untimely
death remains one of the most controversial aspects of all valuations. The con-
troversy is partly due to the terminology "value of a statistical life", which
many people confuse with the actual value of a life. The concept of the value of
a statistical life (VSL) is merely a convenient way to summarise information
about people's WTP for small reductions in mortality risks. To deduce VSL es-
timates people are asked how much they are ready to forego in income to re-
duce the probability of a premature death. This information is carefully ana-
lysed to estimate how much society is ready to spend to reduce a statistically
determined number of premature deaths. However, it is true that economists use
the VSL in CBA to express the social costs of a life lost.

The value for a statistical life is derived using both CVM and hedonic price
methods. Once again, the studies do not attempt to actually value life rather
they value small differences in mortality risks.

Under the ExternE programme a major review of studies from Europe and the
US, covering valuation methods using both CVM and hedonic pricing was de-
scribed and analysed. The analysis resulted in a derived value for the VSL
equal to 2.6 MECU (in 1995-prices) (EC (1995)).

The ExternE study raised a number of questions regarding the applicability of
the VSL for different cases of mortality. The questions were raised because
those at risk of premature deaths linked to air pollution were suspected of hav-
ing only a short life expectancy even in the absence of air pollution. The Ex-
ternE project found it illogical to ascribe the same value to someone with a day
to live as someone with ten years of remaining life expectancy. Therefore, the
project team explored valuation on the basis of life year lost (YOLL). The
value of a statistical life was estimated by interpreting the estimates of VSL as
the present value of a number of life years.

The VSL estimates mainly comes from studies focusing on analysing the cost
of traffic accidents, which often involves the deaths of healthy and young peo-
ple. In cases with valuation of impacts due to air emissions, YOLL is prefer-
able, because acute deaths of people due to emissions are often in bad health
already for other reasons. In these cases, death may shorten the lives by a few
weeks or months, which makes VSL inappropriate.

In the view of the ExternE project team, the VSL should not be used in any
case where the hazard has a significant latency period before impact, or where
the probability of survival after exposure is altered over a prolonged period. In
such cases, the YOLL approach is recommended. Air pollution is considered to
have a significant latency period before impact.
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3.7.2 Time Issues and Discounting
People value the present higher than the future. There are two main reasons for
this. First, people have a time preference e.g. people will rather have sufficient
money today than in ten years. Second, capital is productive e.g. investing
money today in some economic activity will probably generate profits in the
future.

Due to the fact that people value the present higher than the future, discounting
of future costs and benefits are necessary to ensure that they are included at
their present value. The discounting entails that the more distant in time costs
or benefits occur, the less they are valued today. The higher the discount rate,
the greater the reduction in the present value of the future costs and benefits.
Discounting is an integral part, not only of the cost-benefit analysis, but also of
the process of valuation. In both cases, costs and/or benefits in different periods
need to be discounted to reflect their value today.

Discounting of costs and benefits are often discussed as potentially damaging to
environmental concerns.

It has been highlighted that discounting is damaging in relation to the long-term
impacts of landfill externalities as for example leachate damages. Often the
damages occur many years after the leachate escaped from a landfill and be-
cause a cost of a given amount has a lower subjective value the later it arises,
the value today of the costs associated with the damages of leachate are low
(and insignificant). The costs of groundwater contamination might not matter at
all in the scales of a CBA compared to more immediate costs.

This is discussed as a problem. Moreover, it is debated whether the interests of
future generations are properly safeguarded; e.g. if it is fair that individuals pre-
fer to enjoy benefits sooner, and costs later. If this preference is due to myopia
or an urgent need for gratification the consequence of discounting does not
seem fair or desirable for valuation or cost-benefit analyses. However, when the
preference is due to the belief that future consumption will be greater and there-
fore the marginal utility of a given unit of consumption will be less, the conse-
quence of discounting can better be justified.

Solutions to the problem of taking better account of the interest of future gen-
eration are to use low or zero discount rates or applying distributional weights
to costs and benefit accruing to future generations. However, these solutions are
not only impractical but also fraught with philosophical, moral, economic and
practical problems.

Discounting is continuously subject of debate and the choice of the discount
factor is very important for the result of a CBA or a valuation study. Although,
there are more problems of discounting than the ones discussed above this
study will not treat the subject of discounting further. For a more thorough dis-
cussion of the discounting, see OECD (1995).
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3.8 Choice of Method
This section presents some general issues that should be considered in the proc-
ess of identifying the most suitable method and technique for a given problem.

Since the fundamental principle in economic valuation is estimation of prices
based on demand curves, which ultimately is based on people's willingness to
pay for a given environmental benefit, the methods which are based on demand
curve approaches are generally preferable. Ideally, the prices (or shadow prices)
reflect individuals' willingness to pay for the environmental impacts in ques-
tion. There are however, problems with monetary valuation based on willing-
ness to pay in CBA:

• Weights are derived from individuals’ preferences, which because they are
elicited in the form of willingness to pay subject to ability to pay, are based
on the current income distribution. However, the implicit weights do not
take into account what is "morally right", nor do they reflect ethical
judgements.

• Individuals' preferences may be badly informed.

• Individuals' preferences may not reflect the interest of future generations
due to low weight accorded to the future (high discounting).

• Measurement of human preferences for some environmental impacts may
not be possible.

Although valuation based on willingness to pay from a theoretical point of view
may seem as a superior approach to valuation, it is not without flaws and prob-
lems.

In practice, a lot of CBA relies on valuation based on expert assessment (dose-
response) and other more approximate valuation techniques. Assessments and
valuations based on these techniques suffer another problem, simply that they
do not explicitly take account of people's preferences. This illustrates that
clearly no valuation is without problems.

From a theoretical point of view, different valuation methods are appropriate
for different kind of environmental impacts.

To measure physical effects or impacts on productivity, such as loss of crops
from acid rain or material corrosion from air pollution, the most obvious tech-
nique to apply is dose-response. It is also the most obvious technique to apply
for valuation of impacts on health resulting from air emissions (or water pollu-
tion), although the physical relations are not scientifically perfectly understood.
Finally, the method is potentially useful for valuation of impacts due to accu-
mulation of heavy metals and other toxic chemical residues in the soil and
groundwater bodies due to discharge from waste disposal sites. Moreover, the
use of the dose-response technique is appropriate when:

Problems with eco-
nomic valuation
based on WTP
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• an environmental change directly causes a change in the output of a good
or service;

• the relationship between a given pollution level (dose) and some physical
impact (response) is reasonably well understood;

• an economic value of the change in output or costs exist as market prices
or economic values of non-market goods

It is important to stress that when the relationship between a given pollution
level (dose), the pollution pathways and the physical impact (response) is not
very well understood, the dose-response functions used for valuation will be
incorrect and obviously the results will be misleading. In these cases, other ap-
proaches should be preferred.

For impacts of amenity or disamenity, such as odour and visual nuisances from
landfills, both the hedonic price method and the contingent valuation method
are appropriate to apply.

Use of the hedonic price technique is appropriate when:

• environmental quality (risks) is perceived as a relevant factor in property
values (wages);

• variations in environmental quality (risks) are clearly perceptible.

Use of the contingent valuation technique is appropriate when:

• impacts resulting from an environmental change or multiple and complex;

• people's preferences are not directly observable;

• people are or can be reasonably well informed of the subject in question.

When applying CV and hedonic price approaches to value disamenity effects it
is important to note that other effects, such as risk of adverse health effects
from air pollution may also be captured in the analysis.

Some argue that individuals’ willingness to pay for property will reflect only
their preferences with respect to odour and visual disamenity. Thus other con-
cerns such as health effects and air pollution effects outside the immediate
neighbourhood, which may well be included in individuals’ preferences, cannot
be captured by the hedonic property price method.

However, the contingent valuation method offers the opportunity to capture the
full effect; e.g. both disamenity and health impacts stemming from air pollu-
tion.

Hence, judgement is required as to whether a particular analysis captures all
effects or only the disamenity effect in question.

Which effects are
captured in CV and
hedonic price valua-
tions?
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Finally, it should be noted that the theoretically optimal choice of method for
valuation of a particular impact may differ from the optimal choice in practice.
The reason is that in practice one also has to consider whether information is
readily available and at what cost. This is the obvious reason why various tech-
niques have been employed in various studies to estimate the monetary value of
the same environmental externalities. It is also the reason why the use of theo-
retically less robust techniques such as clean-up cost and avoidance are wide-
spread in practice.

3.9 Benefits Transfer
Analysts are faced with a major challenge of valuing all the external environ-
mental effects associated with activities in society today. It is usually very ex-
pensive and time-consuming to conduct original valuation research in support
of specific policy actions. Because of this, analysts draw upon existing valua-
tion estimates for use in specific CBA.

The process of applying estimates obtained from one site to value the conse-
quences of policy actions at another site is called benefits transfer. Benefits
transfer implies that if a project has previously been undertaken in one area,
estimates of its economic consequences might be usable as an indicator of the
impacts in another area. Estimates of economic benefits are "transferred" from
a site where a study has been completed to a site of new interest. Although the
term would suggest that only benefit estimates could be transferred, the defini-
tion of benefits transfer also includes transfer of damage estimates.

Benefits (or costs) transfer is a feasible valuation alternative to using one of the
above valuation methods. The benefits transfer approach relies on information
and data from other studies that have applied one or more of the above methods
for valuation, rather than collecting data through a new investigation. More
precisely, benefits transfer can be defined as "the transfer of existing estimates
of non-market values to a new study, which is different from the study for
which the values were originally estimated" (OECD (1995)).

3.9.1 The Role of Benefits Transfer in Valuation of Externalities
There are on-going discussions among economist and other analysts whether
benefits transfer is an appropriate technique for valuation of externalities. How-
ever, the advantages of benefits transfer are clear. Benefits transfer can reduce
both the time and financial resources needed to develop benefits and costs es-
timates of external effects for a specific project.

Sceptics’ point to the fact that benefits transfer applies a data set developed for
one particular use to a distinct alternative situation. However, there is a risk that
the results from the study case will not fit for application for the alternative
situation. Hence, there is a risk that results obtained through benefits transfer
will be biased and inappropriate in some cases. Further, generally estimates de-
rived using benefits transfer techniques are unlikely to be as accurate as pri-
mary research tailored specifically to the new policy case.
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Despite of the drawbacks of benefits transfer, it is now generally accepted that
benefit transfer is suitable for valuation. In fact, it is generally accepted that
benefits transfer is essential, because it makes valuation feasible in situations
where it would otherwise be difficult or impossible to undertake. Further, it
makes valuation of externalities cheaper and therefore more likely to happen.
However, benefits transfer is not a guarantee for better CBA.

Benefit transfer is appropriate under the following conditions:

• Data on a specific environmental value for a specific project are absent.

• There is insufficient time and money to undertake a new study.

• The situations/issues are identical or similar in the two cases.

If one or more of the above conditions are fulfilled it can be appropriate to un-
dertake benefits transfer. However, it is important to emphasise that it is essen-
tial that the study case is sound and reliable. Critical review and analysis of the
case study is always needed.

The review should include an evaluation of the quality of the existing study as
well as comparative analysis of the study case and the situation at hand. In or-
der to conduct "safe" and reliable benefits transfer, the following principles
should apply:

• Data in the study case should be adequate.

• Population, goods and sites should have substantial similarities.

• Markets should be similar.

The review or assessment of the case study for applicability involves deter-
mining whether they are comparable to the policy case. The basic "good" or
commodity must be essentially equivalent and the baseline and the extent of the
change should be similar. Finally, the affected population should be similar21.

The quality of the study case estimates will, in part, determine the quality of the
benefits transfer. Indicators of quality will generally depend on the method
used, the quantity of data and the reliability of the estimates.

3.9.2 Methodology for Benefits Transfer
There are three types of benefits transfer approaches, which can be used de-
pending on the situation at hand (EC (1996a)):

                                                  
21 It should be noted that benefits transfer is not relevant for greenhouse gases since the
same economic value can be used regardless of the source of emission. One tonne of green-
house gases causes the same damage wherever the emissions occur.
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• Average benefit estimates.

• Adjusted average benefit estimates.

• Benefit functions estimates.

The average benefit estimate approach involves taking the mean value (or range
of values) from the study case and applying it directly to the specific problem at
hand. It is rare that the two situations are identical and therefore this approach
should be used with care.

In the adjusted average benefit estimate approach, the mean value from the case
study is adjusted before being transferred to the new situation at hand. The ad-
justments are based on judged differences between the case study and the
situation at hand. Hence, the approach takes account of any biases that are be-
lieved to exist.

The benefits functions estimates approach is generally considered being the
best way of transferring benefits. The approach is likely to produce estimates
that better reflect the conditions for the situation at hand because only the rela-
tionship from the study case is transferred while data from the policy case are
applied to the relationship. Moreover, the case study provides a willingness-to-
pay, and valuation estimates are obtained by substituting key values, such as
baseline risk and population characteristics from the policy case into the benefit
function.

Following the methodology established in this report, the relationship between
pollutants and their impacts in one context, i.e. dose-response, can be trans-
ferred to produce estimates in the waste sector.

The most advanced benefits functions estimates approach use "meta-analysis".
In a meta-analysis a number of dose-response functions from different studies
are combined to explore variations in existing value estimates. Meta-analysis
seeks to explain the variance in estimates of the dose-response coefficient
across studies.

3.9.3 Cross-Country Benefits Transfer and Income Adjustment
Cross-country benefits transfer is problematic for several reasons. Evidence
exists that the valuations attached to the willingness to pay to avoid morbidity
vary across Europe.

The value of damage caused by an external effect, such as emissions of one
tonne of a specific pollutant from two different countries will differ because of
variations in the two countries’ willingness to pay. The willingness to pay is
likely to vary between countries, reflecting differences in relative income levels
and differences in preferences for environmental quality.
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Cross-country benefit transfer should involve adjustment of estimates to na-
tional preferences. Adjustments for relative income levels can be done quite
easily, by using the immediately available purchasing power parity rates (PPP).
However, adjusting for national preferences is problematic.

Ideally, income elasticity estimates can be used to estimate how much envi-
ronmental quality would be purchased at different income levels. Unfortu-
nately, estimates of income elasticity of demand are not readily available be-
cause of the paucity of studies that have been undertaken to estimate elasticities
of demand for environmental quality in the Community.

Provided that both income at PPP rates and income elasticity of demand for
environmental quality are available, the monetary valuation (or shadow price)
for one country can be calculated on the basis of an available monetary valua-
tion of the damage from another country (EC (1996a)).
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Where Ûm = The monetary valuation of the damage in country m
Un = The monetary valuation of the damage in country n
Y = Income at PPP rates
ε = Income elasticity of demand for the environmental quality

The range of the actual elasticity estimate is debatable. Usually economists as-
sume that environmental quality is a luxury good in higher demand by the af-
fluent than by the poor. However, this hypothesis is being heavily challenged,
which is supported by the following quote from EC, 1996a:

"The hypothesis that environmental quality is a "luxury good", i.e. a good
which would primarily benefit the wealthy relative to the poor, has been chal-
lenged by Pearce and more recently by Kristrøm et al. Kristrøm et al's survey
of contingent valuation studies for Finland, France, Norway, Netherlands,
Spain and Sweden indicates that very few studies support the view that income
elasticities of demand for environmental quality is greater than 1, and a num-
ber of studies suggest income elasticities in the order of 0.3."

In the present study, prices from different valuation studies are not calculated to
a common unit. Rather they are presented in the original format and results are
expressed as they have been worked out.

3.9.4 Benefits Transfer in the Waste Sector
Only a limited number of valuation studies of environmental damage and
disamenity have been undertaken for the waste sector, and monetary valuations
do therefore not exist for all impacts from landfill and incineration of waste.
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The benefits transfer method offers an efficient way forward to extending the
economic valuation of the externalities from landfill and incineration.

The remaining part of the report has generally been written with the above dis-
cussions of the use of benefit transfer in mind. This means that the discussions
of valuation studies and results in Chapters 4 and 5 include a critical review and
assessment of the quality of published studies in relation to valuation of exter-
nalities from landfill and incineration of waste.

3.10 Summary and Conclusions
The fundamental principle in economic valuation of environmental goods and
other goods with no observable price in the market is the estimation based on
people’s willingness to pay. This means that ideally, the values of environ-
mental goods should be derived by measuring people's willingness to pay
(WTP) for the goods, i.e. much they would forego in income to obtain an in-
crease in environmental quality.

There are several techniques for the monetary valuation of environmental dam-
age or externalities; e.g. revealed preference methods, expressed preference
methods, market valuation of physical effects and non-demand curve ap-
proaches.

Methods from the latter category (e.g. clean up costs, avoidance costs) are
however not founded in economic welfare theory. They use various cost meas-
ures as damage estimates. They are characterised as non-demand curve ap-
proaches because they are not based on the fundamental principle of using in-
dividuals' willingness to pay, and thus do not offer "true" welfare measures, but
only crude approximations.

The most important category of valuation techniques in terms of ideally quanti-
fying variable externalities is market valuation of physical effects. These tech-
niques seek to value environmental changes by observing physical changes in
the environment and estimating what differences these changes will have on the
value of goods and services. Air pollution from incineration of waste may cause
adverse health effects and damage the growth of crops. In the case of damage to
crops, the air pollution imposes a cost on farmers, which can be measured as
the international market value of the loss in crops.

Hence, emission factors (measured in kg per tonne of waste) and unit costs
(measured in EURO per kg emission) are basically all it takes for quantifying
the variable externalities of a given pollutant. In principle, these factors and
knowledge about the quantity of waste can form the basis for quantification of
the external costs that a tonne of waste will account for.

Employed techniques Hedonic pricing, contingent valuation, dose-response and clean-up costs are the
most employed techniques for valuations of environmental externalities from
landfill disposal and incineration of waste. From a theoretical point of view,
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different valuation methods are appropriate for different kind of environmental
impacts.

Since the fundamental principle in economic valuation is estimation of prices
based on demand curves, which ultimately is based on people's willingness to
pay for a given environmental benefit, these methods based on demand curve
approaches are generally preferable. Ideally, the prices (or shadow prices) re-
flect individuals' willingness to pay for the environmental impacts in question.
However, although valuation based on willingness to pay from a theoretical
point of view is a superior approach to valuation, it is not without flaws and
problems.

The dose-response technique has been widely used for valuation of air emis-
sions, in which the estimation relies on valuation based on expert assessment.
The use of the dose-response technique is appropriate when the relationship
between a given pollution level (dose) and some physical impact (response) is
reasonably well understood. When the relationship between dose and response
is not very well understood, other approaches should be preferred. In these
cases, even non-demand curve valuations such as clean-up costs might be more
appropriate measures of a society's willingness to pay.

Hedonic pricing and contingent valuation are the most appropriate techniques
for valuation of disamenity and are thus widely applied in U.S. valuation stud-
ies. Use of the hedonic price technique is appropriate when environmental
quality is perceived as a relevant factor in property values and variations in en-
vironmental quality are clearly perceptible. Use of the contingent valuation
technique is appropriate when impacts resulting from an environmental change
or multiple and complex and people are or can be reasonably well informed of
the subject in question.

The theoretically optimal choice of method for valuation of a particular impact
may differ from the optimal choice in practice. Various techniques have been
employed in various studies to estimate the monetary value of the same envi-
ronmental externalities, because in practice weight is also given to costs and
availability of information. This is partly the reason why the use of theoretically
less robust techniques such as clean-up cost and avoidance are common in
valuation of complex impacts stemming from leachate and air emissions.

Benefits transfer Analysts draw upon available valuation estimates for use in specific CBA
because it is usually very expensive and time-consuming to conduct original
valuation research in support of specific policy actions. The process of applying
estimates obtained from one site to value the consequences of policy actions at
another site is called benefits transfer.

In benefits transfer, estimates of economic benefits are "transferred" from a site
where a study has been completed to a site of new interest. Benefits transfer is a
feasible valuation alternative to using normal valuation techniques. The advan-
tage of benefits transfer lies in the fact information and data from other studies
are applied for valuation, rather than collecting data through a new investiga-
tion. There is a string correlation between the time and costs needed for a study
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and the quality of the estimates achieved. Benefits transfer can reduce both the
time and financial resources needed to develop benefits and costs estimates of
external effects for a specific project.

Some analysts argue that benefits transfer is not an appropriate technique for
valuation. They point to the fact that benefits transfer applies a data set devel-
oped for one particular use to a distinct alternative situation. This involves a
risk that the results from the study case will not fit for application for the alter-
native situation, which will result in biased estimates.

Benefits transfer is now generally accepted as suitable for valuation under cer-
tain conditions despite of the drawbacks. Benefits transfer is essential, because
it makes valuation feasible in situations where it would otherwise be difficult or
impossible to undertake and it makes valuation of externalities cheaper and
therefore more likely to happen.

In practice, basically three types of benefits transfer approaches can be used
depending on the situation at hand: Average benefit estimates, adjusted average
benefit estimates and benefit functions estimates.

Transferring benefits across countries is problematic. Firstly, the willingness to
pay to avoid morbidity varies across Europe. Secondly, valuation estimates will
depend on relative income levels, which has to be reflected in valuation esti-
mates. Adjustment is therefore required when benefits are transferred across
countries.
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4 Economic Valuation of Externalities from
Incineration

Valuation results for externalities from incineration are presented in this appen-
dix. The appendix is split into four parts. First valuation results of externalities
from air emissions are described. Next, valuation of emissions to soil and water
is presented. In the following section, external benefits are outlined, and, fi-
nally, valuation of disamenity effects is described.

This appendix presents results from a thorough review of existing literature and
research within externalities from incineration of waste. Some areas of exter-
nalities are more fully covered than others in this appendix. This reflects the
fact that the amount of research and valuation results differs substantially from
one area to the other. It is particularly worth noting that the literature on valua-
tion of externalities to soil from incineration appears to be very sparse.

4.1 External Costs of Air Emissions
In this section, valuation results from different studies on air emissions are
shown. The heading of each of the following subsections indicate the name of
the study.

4.1.1 Study on Health Risks of Air Pollution of Incinerators
This study (Rabl et al (1998)) covers air emissions from incineration. It is pri-
marily based on ExternE applied specifically to European incinerators. The part
of the quantification based on ExternE covers PM10, SO2, NO2, VOC and CO.
Furthermore the results of other sources have been used to obtain quantification
of impacts and costs of health impacts of heavy metals (As, Cd, Cr (VI) and Ni)
and dioxins.

The quantification of these externalities is obtained using the impact pathway
methodology. The damages are quantified on the basis of linear dose-response
functions. Only health effects are covered by the study. The quantification of a
human life is based on valuation of years of a statistical life lost (YOLL) as op-
posed to the value of a full statistical life lost or a statistical life (VSL). The
valuation of a statistical life is based on several studies where the cost of a sta-
tistical life has been obtained by contingent valuation, using both willingness to
pay and willingness to accept. In terms of morbidity the valuation is based on
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the cost of hospital stays, emergency visits, bronchitis attacks, restricted activ-
ity days, asthma attacks and symptom days.

The results do not cover any of the other damage categories: climate effect,
damages to building, forest die-back, lower yield of agriculture and other ef-
fects to the ecosystem.

The study states that other pollutants than the ones covered may be of impor-
tance for quantifying health impacts, but that it has not been possible during the
study to obtain any relevant information on epidemiological studies of such
pollutants. The study therefore concludes that such other pollutants do probably
not have any important effect, as epidemiological studies would have been ini-
tiated otherwise.

The results of the study are considered highly relevant and directly applicable
for valuing the variable external costs of incinerating a tonne of waste. Table
4.1 summarises the main characteristics of the study.

Table 4.1 Summary of study characteristics.

Criteria Information

Title Study on Health Risks of Air Pollution of Incinerators
Source Rabl et al (1998)
Year 1998
Methodology Impact pathway (dose-response)
Applicability Very relevant for valuing air emissions from incineration
Impacts included Human mortality and morbidity effects only
Comments Air emission types not included in study are considered of mi-

nor importance for quantifying health impacts

The results of the valuation of health impacts are shown in Table 4.2. Two spe-
cific characteristics have been taken into account in valuing the air emissions
from an incinerator.

First, as indicated in the table it is possible to calculate external costs depending
on the site location, whether in an urban or rural area. This will affect the num-
ber of people exposed to the pollutants and thereby the number of “damages”
incurred. As explained earlier, it is mainly the damage from primary pollutants
that are affected by the location, whereas the secondary pollutants are not cre-
ated until some distance from the site and therefore do not vary as much with
the location. As shown in the table the variation in valuation results is up to a
factor of 10 between urban and rural sites.

Secondly, the effect of the height of the stack has been investigated in the
study. The higher the stack the longer time it takes for pollutants to reach the
receptors. In this period, some of the pollution can disappear because of dry or
wet deposition, decay, or transformation. The result is that the higher the stack
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the smaller the damage, and that emissions emitted at ground level result in
damages 3-4 times higher than when emitted at an elevation of 250 m.

Table 4.2 Valuation results per kg emission.

Emission type Cost
(ECU/kg emission)

Multiplier for site
(Rural-urban)

Multiplier for stack
conditions

(height 250-0 m)

PM10 13.6 0.3-3 0.6-2.0
SO2 12.2 0.7-1.5 1.0
NO2 (via xNO3) 16.9 0.7-1.5 1.0
NO2 (via O3) 1.15 ? ?
VOC (via O3) 0.7 ? ?
CO 0.00207 ? ?
As 150 0.3-3 0.6-2.0
Cd 18.3 0.3-3 0.6-2.0
Cr 123 0.3-3 0.6-2.0
Ni 2.53 0.3-3 0.6-2.0
Dioxins (TEQ) 16,300,000 0.5-2 0.6-2.0

Source: Rabl et al, 1998.
Notes: The base case is calculated on the basis of the assumption of a density of 105 people
per km2 corresponding to the average population density of France (the average population
density in EU15 is 149 people per km2. However, effectively the density is lower due to
seashore). The stack height is assumed to be 100 m.
Uncertainty intervals are illustrated only in a figure in the report and thus not included here.

The study includes a hypothetical example of waste incinerated in an incinera-
tion plant fulfilling the emission limits proposed in 1994. It is shown that the
emission of NO2 via NO3 dominates the external costs, as they constitute 70%
of the total health costs. All in all, the health costs from air emissions from in-
cineration are estimated at 12.3 ECU per ton of waste incinerated (1998).

4.1.2 Economic Evaluation of the Draft Incineration Directive
The report is an economic evaluation of the draft incineration directive (EC,
1996e) and it includes an analysis of the external costs of air pollution from
incinerators. The study includes the conventional air pollutants as well as some
heavy metals and dioxins.

The basis for quantification is the ExternE project and some additional sources
(mainly relying on US EPA damage functions) quantifying impacts from heavy
metals and dioxins. Hence, the report makes use of the impact pathway meth-
odology to quantify the external costs. The impacts included can be seen in
Table 4.3 together with known impacts, which were not quantified and thus not
included in the final price estimate. The study characteristics are summarised in
Table 4.4.



84 A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

Table 4.3 Impacts included for the valued emissions.

Emission type Impacts included Other known impacts not quantified

PM10 Mortality and morbidity
(acute and chronic)

Soiling

SO2 Health effects, damage to
buildings

Acidification of ecosystem, damage to
buildings of cultural merit, crop yield

NOx Acute mortality and mor-
bidity, other health effects,
damage to buildings

Acidification and eutrophication of eco-
system, damage to buildings of cultural
merit ,crop yield

TOC Health effects, crop yield Ecological effects, damage to buildings
As Respiratory tract cancer Ecological effects
Cd Respiratory tract cancer Ecological effects
Cr (VI) Lung cancer Ecological effects
Ni Respiratory tract cancer Ecological effects
Dioxins Health effects Ecological effects

Source: EC (1996e).

Table 4.4 Summary of study characteristics.

Criteria Information

Title Economic Evaluation of the Draft Incineration Directive
Source EC (1996e)
Year 1996
Methodology Impact pathway methodology for air pollution
Applicability Applicable
Impacts included See above table
Comments

The valuation results from the study are shown below. Calculations were made
for three sites, a German, a British and a French site. The German site was cho-
sen as the base case because it was considered most representative for the
European Union. The UK site was used for sensitivity case, and as it can be
seen the most noticeable difference is that the costs of dioxins were set to zero
on the assumption that threshold values may exist and that these values were
not exceeded. However, in the final valuation this is not so important because
the quantities of dioxins from incineration are very small.
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Table 4.5 Valuation results per kg emission.

Emission type Cost,
 (ECU/kg emission) German site

= base case

Cost,
 (ECU/kg emission) UK site

= sensitivity case

PM10 28.7 30.5
SO2 via (SO4) 6.7 3.82
SO2 (materials) 0.609 1.12
NO2 (via xNO3) 15.5 6.77
NO2 (materials) 0.311 0.162
NO2 (via O3) 2.53 2.53
TOC (via O3) 2.53 2.53
As 999 8.15
Cd (cancers) 81.4 73.5
Cr (VI) (cancers) 819 811
Ni (cancers) 16.8 16.5
Dioxins (cancers) 2,000,000 0

Source: EC (1996e)

HCl and HF were also identified in the study as potentially damaging. How-
ever, there were no epidemiological data available that could be used for quan-
tification of the health effects of these substances. Further, the effect of CO was
not covered.

4.1.3 Tellus Packaging Study - Assessing the Impacts of
Production and Disposal of Packaging and Public Policy
Measures to Alter Its Mix

This study (Tellus Institute (1992)) assesses the impacts of production and dis-
posal of packaging. On the disposal side, it includes estimates on the external
costs of air emissions from incineration. The estimates are derived to apply to
emissions from incinerators in counties incinerating waste in the US (not char-
acterised further in the study). The study covers emission of CO2, NOx, SO2,
VOC, and particulates and a number of other emissions, which the Tellus Study
terms "hazardous substances".

The Tellus Study employs a non-demand curve approach to valuing the exter-
nal costs of emissions. It uses a control cost approach coupled with linked envi-
ronmental values ranking different pollutants by toxicity. In respect to mone-
tary valuation of environmental impacts, Tellus acknowledges that the theoreti-
cally correct way is through the damage cost approach, based on WTP or WTA
of individuals. However, the Tellus study rejects using valuation approaches
based on WTP or WTA for three reasons. Firstly, it is argued that there are no
markets observed or easily observed for environmental impacts. Secondly, it is
argued that time and costs of finding prices based on WTP and WTA are too
big. Finally, it is argued that the actual approach chosen is based on control
costs that reflects some kind of "consensus, which is expressed in the regula-
tions, which society imposes on itself". That is, society reveals its WTP through
the setting of regulation.
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The pragmatic reasons for the Tellus to reject proper valuation through the use
of a damage cost approach is understandable, compared with the information in
this report, which underlines the difficulties associated with valuation of envi-
ronmental impacts. However, the situation is not totally impossible, and the
reasons for not using proper valuation should be seen in the light that the study
dates back to year 1992.

Tellus' approach rests on the idea that control costs are approximations of dam-
age costs as revealed through the standard setting procedure. Some of the emis-
sions in the Tellus study (TSP, CO, SO2, VOC and NOx) are valued using direct
environmental values, that is, control cost estimates obtained from the costs of
regulation. The rest of the emissions are valued using linked environmental
values and relates to numerous "hazardous substances". This approach is used
because control cost estimates are not available are not available for each and
every substance. In this case, health risk factors are used to estimate the num-
bers of fatalities and illnesses each year from exposure to a particular chemical.
The US Council for Environmental Quality estimates such risk factors for many
of the chemicals. In the absence of control and damage costs for all the sub-
stances, the Tellus Study now proceed by taking one substance - lead - and
multiplying the control cost of that by the ratios derived from the health rank-
ing.

The linked environmental value system is based upon health effects (mortality
and morbidity) only; environmental impacts are not considered.

Due to the flawed or at least dubious valuation methodology, the results of the
study are not considered relevant and applicable for valuing the costs of air
emissions from incineration of waste. Table 4.6 summarises the main charac-
teristics of the study.

Table 4.6 Summary of study characteristics.

Criteria Information

Title Tellus Packaging Study - Assessing the impacts of production
and disposal of packaging and public policy measures to alter
its mix

Source Tellus Institute
Year 1992
Methodology Control costs coupled with linked environmental values or indi-

ces of toxicity of pollutants
Applicability Not applicable
Impacts included Only health impacts
Comments The study uses a dubious valuation methodology

The problems with this control cost approach coupled with linked environ-
mental values are obvious:
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• Health effects rather than environmental impacts are considered

• Using this approach it is assumed that control costs are proportional to
health damages

• An entire structure of values is built up on the basis of just one value, the
control cost for lead

In the Tellus project, the figure of $1600 per lb. of lead controlled is used. The
estimate is based on the pollution controls required in the US for air emissions
of heavy metals. Again, the authors argue that society is willing to impose con-
trol costs equivalent to $1600 per lb. of avoided lead emissions and adopt this
figure as the valuation estimate for lead.

Various economists have heavily questioned this figure. They argue that the
figure of $1600 is many times higher than the actual benefit (Brisson, 1997,
Annex 1).

Valuation results are presented as costs per pollutant in the Tellus study. How-
ever, as pointed out above, the valuation approach undertaking in the study is
very criticizable. Therefore, the valuation results are not presented in this re-
port.

The Norwegian study by ECON (see next section) uses the same approach as
Tellus, it bases its valuation on the work of Tellus and presents the results for
the same emissions as Tellus.

4.1.4 Miljøkostnader knyttet til ulike typer avfall
(Environmental costs of different types of waste)

The aim of this report (ECON (1995)) is to assess the composition of waste in
Norway (the fraction of paper, plastics, metals, wood, and glass), and to present
separate estimates for the external costs of landfill and incineration of these dif-
ferent types of waste. The study provides estimates of external environmental
costs of landfill and incineration of waste including cost estimates for air emis-
sions. The estimates are derived for a standard Norwegian incinerator, which is
not characterised further in the study.

The study covers emission of CO2, NOx, SO2, VOC, and particulates. Further, it
quantifies effects and costs of health impacts of a number of heavy metals and
toxins. The study uses various valuation methods. It uses the impact pathway
approach (dose-response) for the most important emissions. However, the
valuation of heavy metal and toxic emissions is based on a control cost meth-
odology coupled with linked environmental values or indices, where costs are
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quantified on the basis of the cost of one pollutant coupled with linked envi-
ronmental values or indices22.

Both health effects (mortality and morbidity) and environmental effects (cli-
mate effect, damages to building, forest die-back, lower yield of agriculture and
other effects to the ecosystem) are covered by the study for some of the first
priority emissions (CO2, SO2, NOx, particles, VOC). The quantification of
health impacts is based on valuation of statistical life, valuation of a work-hour
and valuation of illness and hospitalisation. The emission, damage and valua-
tion data used in the study is based on various national Norwegian and interna-
tional sources, e.g. Hjellnes (1992), DNV Industry (1995), Tellus (1992) and
Heijungs et al (1992).

The results of the study are considered relevant and applicable for valuing the
costs of some of the first priority air emissions from incineration of waste.
Moreover, the costs that are applicable consist of the emissions, which are val-
ued using the impact pathway approach. All other emissions are not considered
applicable due to the dubious methodology used for valuation. Table 4.7 sum-
marises the main characteristics of the study.

Table 4.7 Summary of study characteristics.

Criteria Information

Title Miljøkostnader knyttet til ulike typer avfall (Environmental
costs of different types of waste)

Source ECON Energi
Year 1995
Methodology Primarily impact pathway approach (dose-response) and control

costs coupled with environmental values or indices of toxicity
Applicability Applicable for valuation of the most important air emissions

(CO2, SO2, NOx, particles, VOC). Not applicable for the rest
Impacts included Both health and environmental impacts
Comments Sensitivity of the results in relation to exposure is not discussed

in the study

Valuation results are presented as costs per emission in the report.

                                                  
22 ECON were not able to find dose-response functions for all emissions. Instead, they used
linked environmental values or indices that rank pollutants in accordance to their health and
environmental impacts. Emissions are quantified in monetary terms using the indices cou-
pled with known costs of another pollutant (not mentioned in the study). More precisely,
the estimates are based on prior work by Tellus (1992), from which it can be deduced that
the estimates are based on control costs for lead as described section 4.1.3.
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Table 4.8 Valuation results presented as NKr per kg emission.

Emission type Valuation method To air, cost (NKr/kg)

First priority emissions:
CO2 Special* 0.36
NOx Impact pathway 49
SO2 Impact pathway 17
Particles Impact pathway 167
VOC Avoidance costs 11
Lead (Pb) Env. indices 282,000
Cadmium (Cd) Env. indices 1,021,000
Mercury (Hg) Env. indices 211,000
Dioxins Env. indices 5,808,000,000
PAH Env. indices 30,000
HCl Impact pathway 50
HF Impact pathway 18000
Heavy metal emissions:
Antimony (Sb) Env. indices 986,000
Arsenic (As) Env. indices 8,272,000
Barium (Ba) Env. indices 3,000
Beryllium (Be) Env. indices 365,000
Copper (Cu) Env. indices 400
Chromium (Cr) Env. indices 1,634,000
Nickel (Ni) Env. indices 827,000
Selenium (Se) Env. indices 131,000
Tin (Sn) Env. indices 30
Vanadium (V) Env. indices 211,000
Zinc (Zn) Env. indices 60
Other:
Acetone Env. indices 3,900
2-Butanone Env. indices 7,900
p-Cresol Env. indices 1,200
Trans-1,2-dichloroethylene Env. indices 20,000
Diethylphthalate Env. indices 2,300
bis(2-ethylhexyl)phthalate Env. indices 2,300
4-methyl-2-pantanone Env. Indices 7,900
Methyl chloride Env. indices 39,000
Phenol Env. indices 1,000
Toluene Env. indices 100
1,2,3-Trichloropropane Env. indices 66,000
Vinyl chloride Env. indices 2,100

Source: ECON (1995).
* The estimated costs for CO2 is based on the Norwegian tax on petrol (which is at least
partly meant to internalise the external costs of CO2). Costs of methane are derived from
the estimated costs of CO2 using an equivalent approach.
Note: Results from table 1.1, 5.10, 5.17 and 5.19 in the report (1995-prices). All valuation
results based on linked environmental values or indices are not considered applicable.

ECON neglects to discuss the sensitivity of the above results in relation to ex-
posure. Impacts will heavily depend on the surrounding environment, e.g.
whether the waste is incinerated in an urban or rural area, sensitivity to the local
environment, and the number of people exposed. These factors are very impor-
tant, at least for the estimated costs of the primary pollutants for which damage
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is highly dependent on the surrounding environment. For instance, the study
argued for a variation on valuation results up to a factor of 10 between urban
and rural facilities.

Based on the above valuation estimates coupled with emission coefficients for
Norwegian incinerators, the study also presents aggregated cost estimates for
incineration of different types of waste. The results are presented in Table 4.9.

Table 4.9 External cost of incineration (NKr per tonne waste).

Paper Plastic Metal Wood Glass

Best estimate 385 1306 794 299 212

Low estimate 96 172 71 62 23

High estimate 759 1853 1583 587 420

Source: ECON (1995)
Note: 1995-prices.

Aggregated external costs are not presented for the average composition of
waste.

4.1.5 Cost-Benefit Analysis of the Different Municipal Solid
Waste Management Systems: Objectives and Instruments
for the Year 2000

The study (EC (1996d)) assesses the environmental and economic costs and
benefit related to incineration and landfill disposal of waste in EU.

The study methodology for calculating the external environmental costs and
benefits combines life cycle analysis (LCA) with economic valuation analysis.
The LCA provide emission or impact measures and each impact is monetised to
a common unit by applying prices, which reflect the damage done. The prices
are based on willingness to pay estimates from various valuation methods
(dose-response, clean-up costs, contingent valuation, and averting behaviour).
The study adopts valuation estimates from other studies, which effectively
means that they use benefits transfer. Estimates are adjusted were necessary to
ensure that they provide the best possible measure. Both health effects and en-
vironmental effects (forests, crops, buildings, fresh water and global warming)
are covered by the study. The emissions considered include SO2, NOx, parti-
cles, CO2, CO, and N2O.

The results of the study are mainly based on the ExternE project. The results
are relevant and applicable for valuing at least some of the costs of air emis-
sions from landfill and incineration of waste. Table 4.10 summarises the main
characteristics of the study.
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Table 4.10 Summary of study characteristics.

Criteria Information

Title Cost-Benefit Analysis of the Different Municipal Solid Waste
Management Systems: Objectives and Instruments for the Year

Source EC (1996d)
Year 1996
Methodology Benefits transfer of results from dose-response, clean-up costs,

contingent valuation and averting behaviour approaches
Applicability Applicable for valuation of air emissions
Impacts included Both health and environmental impacts (forests, crops, build-

ings, fresh water and global warming)

The study presents the valuation results for all the EU countries (the EU12 in
1996) separately taking account of differences in incineration technology and
waste composition as well as differences in willingness to pay across countries.
Willingness to pay differs among countries reflecting disparities in relative in-
come levels as well as differences in the income elasticity of demand for envi-
ronmental quality. The results for all 12 countries are presented in Table 4.11.

Table 4.11 Valuation results presented as ECU pr. kg emission.

Country SO2 NOx Particles* CO2 CO N2O

Belgium 6.369 4.317 12.803 0.004 0.007 1.469
Denmark 4.532 3.466 12.784 0.004 0.007 1.469
France 6.175 4.241 12.634 0.004 0.007 1.469
Germany 6.279 4.329 12.045 0.004 0.007 1.469
Greece 3.191 2.400 9.511 0.004 0.007 1.469
Ireland 3.366 2.541 11.050 0.004 0.007 1.469
Italy 4.268 3.642 12.320 0.004 0.007 1.469
Luxembourg 7.252 4.771 12.842 0.004 0.007 1.469
The Netherlands 5.329 3.888 12.177 0.004 0.007 1.469
Portugal 5.107 3.946 10.136 0.004 0.007 1.469
Spain 4.662 3.704 11.058 0.004 0.007 1.469
UK 4.338 3.077 12.149 0.004 0.007 1.469

Source: EC (1996d).
* The result is calculated in the case of electricity generation.
Note: 1993-prices.

The valuation results for SO2, NOx, and particles vary in the order of magnitude
between the 12 countries, while the valuation results for the emissions of global
concern (e.g. CO2, CO, N2O) are of course identical for all countries. The low-
est costs of the emissions are found in Greece, while the highest is in Luxem-
bourg.

It should be noted that the report also discusses the impact of dioxins emitted to
the air from incinerators. It is mentioned in the report that dioxins have the
ability to produce a wide spectrum of responses in animals and presumably also
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in humans. However, the report do not attempt to value the impacts stemming
from dioxins due to "an ongoing dispute over the physical impacts of dioxins",
which makes satisfactory valuation of emissions of dioxins impossible.

4.1.6 Waste Not, Want Not: the Private and Social Costs of
Waste-to-Energy Production

In this source (Miranda and Hale (1997)) incineration plants23 are considered in
terms of air pollution and other impacts. External costs are obtained for incin-
eration plants in four countries: Sweden, Germany, United Kingdom and the
US. The impacts are valued by a marginal damage cost function from another
source (Josselyn, 1993). The emissions valued are PM, SO2, NOx, CO, and CO2

as well as HCl and HFl. Furthermore, some heavy metals (Hg and Pb are the
only ones specifically mentioned in the source) and some inorganic pollutants
such as benzo-a-pyrene and PCB are included.

For the first group of air emissions the impacts included are mortality and mor-
bidity effects, materials effects, crop destruction, visibility impacts and climate
effects. The damages from the heavy metals and the inorganic pollutants in-
clude only health effects.

The study is difficult to apply in other calculations because neither emission
quantities for each of the plants are presented nor is detailed quantification of
each of the damage components.

Table 4.12 Summary of study characteristics.

Criteria Information

Title Waste not, Want not: the Private and Social Costs of Waste-to-
Source Maire Lynn Miranda and Brack Hale, Energy Policy No 6 1997
Year 1997
Methodology Marginal damage cost functions (dose-response) from Josselyn

(1993)
Applicability Difficult to use directly as results are presented in aggregated

form
Impacts included Mortality and morbidity impacts for human beings, material

effects, crop destruction, visual impacts
Comments The valuation of costs in the UK is higher than the other three

countries due to higher emissions of SO2 and NOx

The valuation results of the study are unfortunately not presented as costs per
emission and details of the assumed emission quantities are not shown. The
costs are therefore presented in cost per tonne of waste incinerated. The costs
are shown in Table 4.13.

                                                  
23 These are referred to as “waste-to-energy plants” in the source.
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Table 4.13 Valuation results US$ per tonne waste incinerated.

Country Cost per tonne of waste incinerated
(US$)

Germany 7.17-13.73
Sweden 6.19-14.75
Untied Kingdom 22.94-31.50
United Stated 10.08-18.64

Source: Miranda and Hale (1997).

The valuation results are of same order of magnitude for Germany, Sweden and
the US. However, costs in the UK are higher due to higher emissions of SO2

and NOx from the plants in the UK at the time of writing. The report does not
mention whether specific account is taken for the difference in dispersion and
deposition, which in the case of the UK would mean that a large share of the
pollutants is deposited in the sea.

4.1.7 Other Studies
The US study Does the Waste Management Hierarchy Make Sense? (Schall
(1992)) looks at the waste management hierarchy and tries to validate the con-
ventional hierarchy. The report quantifies the external costs of three groups of
pollutants: the criteria air pollutants, greenhouse gases, and hazardous sub-
stances. The latter group of pollutants is quantified by using the Tellus study
(1992) and thereby rank the pollutants according to their health effects and then
price the pollutants on the basis of the control costs/avoidance costs of lead.
The results are not included here as these are overlapping with those of the
study Miljøkostnader knyttet til ulike typer avfall.

In the study Induced and Opportunity Costs and Benefit Patterns in the Context
of Cost-Benefit Analysis in the Field of Environment (EC (1999d)) case exam-
ples from other studies are presented. The report presents the valuation results
from EC, 1996d and there are no further valuation results presented.

4.1.8 Summary and Proposals for Further Research
In the previous sections a number of sources on externalities from air pollution
were described. It appears that the literature falls in two groups. The first group
contains valuation studies based on ExternE in order to quantify impacts. The
second group of literature uses the more questionable approach of linked envi-
ronmental values and thereby obtains quantification of a larger range of pollut-
ants. The main externality costs per kg emission are summarised in Table 4.14.
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Table 4.14 Summary of valuation results of air emissions for the studies
(EURO per kg emission).

Study
(year of valuation)

Emission type

Study 1
(1998)

Study 2
(1996)

Study 3
(1995)

Study 4
(1993)

CO2 - - 0.04 0.004
PM10 13.6 28.7 20.5 9.5-12.8
SO2 12.2 7.3 2.1 3.1-7.3
NOx 18.05 18.34 6.0 2.5-4.3
VOC 0.7 2.53 1.4 -
CO 0.00207 - - 0.007
As 150 999 1,015,735 -
Cd 18.3 81.4 125,370 -
Cr (VI) 123 819 200,642 -
Ni 2.53 16.8 101,549 -
Dioxins (TEQ) 16,300,000 2,000,000 713,175,937 -
Pb - 34,627 -
Hg - 25,909 -
HCl - 6.1 -
HF - 2,210 -

Notes:
Study 1: Study on Health Risks of Air Pollution from Incinerators. NOx: NO2 (via xNO3) +
NO2 (via O3)
Study 2: Economic Evaluation of the Draft Incineration Directive. VOC: total TOC is indi-
cated. German site used as base case.
Study 3: Miljøkostnader knyttet til ulike typer avfall. Conversions performed with ex-
change rate in April 2000: 1 NOK = 0.122792 EUR.
Study 4: Cost-Benefit Analysis of the Different Municipal Solid Waste Management Sys-
tems: Objectives and Instruments for the Year 2000. Intervals represent the different values
for countries.

In the table, studies 1, 2, and 4 are all based on ExternE for conventional pol-
lutants. It should be noted that study 1 only includes health effects whereas the
two other studies include other quantifiable effects as well. However, when
summing all impacts together, the health costs constitute by far the largest share
of the costs. When comparing the results of study 1 and 2 with the results of
study 4, the highest estimate should be taken for study 4, because this represent
the costs for countries like Germany, Belgium and France, which are the coun-
tries for which the other estimates are derived.

The most remarkable difference is that studies 1 and 2 reveal substantially
higher costs for NOx than those from study 4. For SO2 the costs in study 1 are
higher than the others, and for particulates the figure from study 2 is substan-
tially higher than the others. There is not any immediate explanation to these
differences. As for CO there appears to be a general agreement that the external
costs related to this pollutant is rather small if not negligible.

When looking at the costs of heavy metals (As, Cd, Cr (VI) and Ni) the varia-
tion between the costs is much larger. However, it appears that studies 1 and 2,
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which are based on epidemiological studies, are in the same order of magni-
tude. In contrast the results of study 3 based on health indices are much higher.
It could be argued that studies 1 and 2 do not look at all health effects from
these substances, because not all health effects could be quantified. However,
there is as explained earlier no guarantee that the cost estimates from study 3
reveal the true costs. Therefore, these results should be treated with caution.
The same argument prevails for dioxins.

Next, Pb, Hg, HCl, and HF are only priced in study 3. As the costs of these
substances are lower than the cost of the other heavy metals in study 3 this un-
derlines the fact expressed in study 1 that these substances are much less toxic
than is the case for e.g. As, Cd, Cr (VI) and Ni. However, in this respect it is of
course important to know how much of each substance a typical tonne of MSW
contains to know whether this substance constitutes a substantial the share of
the total external costs for a tonne of waste. This is the subject of the example
calculations.

Finally, only studies 3 and 4 contain prices of CO2. More prices can, however,
be seen in Section 5.1. The large variation in the price of CO2 does reflect the
variation seen in other fields dealing with the costs of CO2. It can also be ar-
gued that this cost must in any case be even more uncertain to assess than the
costs of the previously mentioned because of the nature of the damage con-
nected to global warming.

4.2 External Costs of Emissions to Water and Soil
This section presents valuation results from different studies on emissions to
water and soil.

Basically, there exist two types of liquid effluents from incineration that poten-
tially is associated with external costs for society.

One is associated with the disposal of solid residues, which may contribute to
the formation of leachate. The other is wastewater from the incinerator, which
contains contaminated liquids/sludges that will be released to the sewer. Both
are externalities in the strict sense. However, the latter will not be discussed
explicitly in this study because no information on this area exits. Further, it can
be argued that the external costs are at least partly internalised by financial
payments from the owners of the incinerator to the owners of the sewage treat-
ment plant.

The quality of the wastewater is monitored and controlled according to condi-
tions laid down in EU directives. Wastewater is often treated at the plant, par-
ticularly at modern plants, and/or the local sewage treatment plant prior to dis-
charge to surface water. The sewage treatment plants will charge the waste
treatment companies for the wastewater that they release to treatment taking
account of the environmental quality of the wastewater (CSERGE et al (1993)
p.79). See also Section 1.2.
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Incineration of waste reduces the volume of waste by 90% and solid residues of
waste make up 25-30% of the weight before incineration. However, the dis-
posal of the solid residues may contribute to the formation of leachate. The
solid residues contain heavy metals and toxins. However, it is uncertain
whether these pollutants will be emitted to soil or water, because the residues
are disposed to specially lined landfills that are designed to keep the leachate
within the site. Nevertheless, some experts argue that disposal of residues is
also associated with emissions to soil and water because in the long run, the
lining is likely to rupture. The discrepancy and uncertainty in this area are re-
flected in the following review of literature on valuation of emission to soil and
water.

Before continuing below, readers should turn to Section 5.2 to read the review
of valuation studies dealing with emissions to soil and water from landfills.

4.2.1 Miljøkostnader knyttet til ulike typer avfall
(Environmental costs of different types of waste)

In the study (ECON (1995)) valuation estimates of emissions to soil and water
from incineration of waste are presented (see Section 5.1.2). It is a key as-
sumption in the study that at least some of the solid residues from incineration
are disposed of at a conventional landfill. Therefore incineration gives rise to
leachate. The study uses emission data from another study (Tellus, 1992) for
assessment of the composition of leachate from disposal of solid residues on a
conventional landfill. Study valuation results expressed as costs per gram emis-
sion can be seen in Table 5.13.

4.2.2 Economic Evaluation of the Draft Incineration Directive
The report (EC 1996e), also mentioned in the section on air pollution, includes
analyses of costs of environmental impacts including contamination of surface
and groundwater by leachate.

The impact pathway approach is used for assessment of the effects of air pollu-
tion. However it is not used for assessment of the effects of emissions to soil
and water because of lack of information regarding the relationship between
dose and response. Instead, information on amounts of emission abated com-
pared with the costs of that abatement is presented, which means that the study
uses clean-up costs for valuation.

Abatement costs or clean-up costs are only a limited surrogate for damage
costs, in theory only reflecting a minimum value for damage (it would be inef-
ficient and illogical to pay a greater sum for clean up than the cost of perceived
damage). However, since decisions are not rational due to lack of correct
valuation of damage in practice you can not know whether society are spending
too much or too little for clean-up from a societal welfare point of view.

Because of the valuation approach used, all impacts stemming from emissions
to soil and water are covered by the study.
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The results from the study are not explicitly applicable because the valuation
methodology used in the study is the clean-up cost approach, which is merely a
surrogate for the actual externality or damage costs. Table 4.15 summarises the
main characteristics of the study.

Table 4.15 Summary of study characteristics.

Criteria Information

Title Economic Evaluation of the Draft Incineration Directive
Source EC (1996e)
Year 1996
Methodology Clean-up costs approach
Applicability Not explicitly applicable
Impacts included All impacts associated with leachate

Solid residues from incineration are disposed in landfills and impacts from the
disposal include contamination of surface and groundwater by leachate. The
magnitude of the impact from disposal of the solid residues depends on a large
number of factors, such as the technique used for disposal and the condition of
the environment into which materials is passed. However, since the assessment
of the effects of leachate is based on a clean-up cost approach, the possible use
made of disposal sites post-closure and of the surrounding environment is not
considered in the study.

The estimate of costs of leachate is based on CSERGE et al, 1993.

Table 4.16 Valuation result.

Externality ECU per tonne waste disposed

Leachate 1.3
Source: EC, 1996e.

Leachate release due to incidents at landfills over a 30-year period in UK is es-
timated at around 1.3 ECU per tonne waste disposed. The result is presented as
cost per tonne waste disposed rather than incinerated, because this is how
CSERGE et al presents the result. It is assumed by ETSU that leachate from
disposal of solid residuals will be equivalent to the leachate from conventional
landfills24.

                                                  
24 The UK practice of co-disposing hazardous and non-hazardous waste in the same land-
fills is different from that of many other member states. It is believed that that the amelio-
rating effects of the non-hazardous waste will negate the ill effects of hazardous waste.
However, when leachate does occur, one might suspect that it is potentially more damaging
than leachate from landfills containing only non-hazardous waste. Therefore, the estimated
clean-up costs are likely to reflect this greater damage potential.
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However, the report presents several reasons for suspecting that the above fig-
ure overestimates costs for leachate from disposal of solid residues from incin-
eration. It is noted that only very few incidents are reported in UK associated
with sites suitable of special wastes including incinerator fly ash. Most inci-
dents are detected at old un-lined landfills. It also notes that most likely a large
proportion of the reported cost will be internalised. The landfills are monitored
and the operators will be held responsible for any damage. The operators will
pass associated costs on to those sending their waste for disposal.

4.2.3 Other Studies
The Tellus study, which is reviewed in Section 4.1.3, also includes valuation
estimates of emissions to soil and water. However, as pointed out in the review
of the study, the valuation approach undertaking in the study for the majority of
emissions is very dubious.

The Norwegian study by ECON uses the same approach as Tellus. Moreover, it
bases its valuation on the work of Tellus and presents the results for the same
emissions as the Tellus study. Hence, to avoid unnecessary repetitions, the re-
sults of the neither of these two studies are presented.

4.2.4 Summary and Proposals for Further Research
The few studies reviewed above illustrate that existing valuation results of
emissions to soil and water are scarce. Only very few studies contain valuation
results and no study exists, which bases valuation on a damage cost approach.

The Tellus study and the ECON study present valuation results for a number of
emissions to soil and water. However, a large proportion of the results is based
on a dubious methodology. It is flawed both in its choice of control cost meth-
odology, and in its application of the methodology.

The report "Economic Evaluation of the Draft Incineration Directive" by ETSU
for the European Commission, DGXI, 1996 estimates the costs of leachate from
solid residues from incineration based on CSERGE et al (1993). However, the
valuation result is not based on a damage cost approach, rather it is based on
control costs, which is not based on WTP and WTA of individuals. The study
estimates that leachate release due to incidents at landfills over a 30-year period
in UK is estimated at around 1.3 ECU per tonne waste disposed. In this figure it
is assumed that leachate from disposal of solid residuals will be equivalent to
the leachate from conventional landfills. The estimate is associated with very
high uncertainty. However, there are several reasons for suspecting that the fig-
ure overestimates costs for leachate from disposal of solid residues from incin-
eration.

Due to lack of robust results for valuation of emissions to soil and water, it is
currently not possible to cite any cost figures. Further, the costs of emissions to
soil and water are very site-specific depending on the characteristics of the in-
cinerator and the landfill for disposal of the solid waste. Finally, the estimate
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will also vary from country to country because of variations in countries’ will-
ingness to pay for environmental quality.

However, if it is absolutely called for to use an estimate for the costs of emis-
sions to soil and water, the most reasonable is to base the estimate on the result
from the ETSU study. It is recommended to use the estimate corrected for the
fact that app. 30% of waste incinerated is disposed as solid residues and taking
account of the fact that the figure study seem to overestimate the cost for
leachate.

In order to obtain a solid estimate of the costs of emissions to soil and water
more research is needed (see Section 5.2.5 for proposals for further research).

4.3 External Benefits
This section briefly discusses the valuation of external benefits from incinera-
tion.

Incineration of waste is not only associated with external costs, sometimes,
there are also external benefits. For example and most importantly, as already
discussed in Section 1.4.1, incineration can result in recovery of energy.

4.3.1 Displaced Emissions
Energy recovery from the incineration of waste can consist of both electricity
and heat. The recovered electricity and heat in itself is not an externality, since
its values directly affect the costs of operating a site and therefore also directly
affects the price charged for incineration. Moreover, the financial return from
electricity and heat generation is an internal benefit to the landfill site owner
and therefore not relevant to the estimation of externalities. However, electric-
ity and heat recovery will displace the least profitable form of electricity gen-
eration in the electricity system, which means that the recovery of energy will
displace pollution from those sources. In Section 1.4.2, the emissions displaced
from the recovery of energy are discussed. The emissions displaced depend on
the type of energy displaced in the power generating system. Moreover, the
external benefit of displaced emissions depends on the energy source that the
energy replaces. If the energy from incineration replaces energy produced by
windmills then the external benefits is close to nil, as windmills do not emit
pollutants. However, if the energy from incineration replaces energy from con-
ventional energy sources (e.g. fossil fuels) benefits include reduced emissions
of CO2, CO, SO2, NOx, particulates (PM10) and others.

When valuing the benefit of displaced emissions emphasis should be placed on
determining/assuming the marginal source of both the heat and the power re-
placed. In CSERGE et al (1993), EC (1996d) and Brisson (1997) the marginal
source of power is assumed to be coal-fired power stations, which is still a
common source to production of primary energy in several European countries.
Coal-fired power stations are very polluting and therefore this assumption re-
sults in significant external benefits from displaced emissions. However, EC
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(1996d) and Brisson (1997) also present an alternative scenario assuming an
average European fuel mix. To choose the right energy source replaced in ac-
tual calculations, the current and the likely future marginal source of power
should be reviewed for the specific country.

Sometimes it is argued that it is not always correct to assume that the marginal
source of power is coal-fired power stations. It is argued that the alternative to
using energy from incineration of waste could very well be energy from new,
efficient power plants. However, the marginal alternative should always be as-
sessed in the short term from the existing power plants, in which case coal-fired
power stations are the right marginal source in most EC countries.

The emissions from coal-fired power stations are presented in Section 1.4.2.
Economic valuations of these emissions are not presented in this section, as the
values are equal to the ones presented for the same emissions throughout
Chapters 4 and 5.

4.3.2 Other Benefits
Incineration of waste produces solid residues, which have proven useful for al-
ternative purposes. Some European countries allow the use of processed bottom
ash in construction. For example Germany, Denmark and the Netherlands use
bottom ash as an aggregate in road base material. The bottom ash is therefore a
benefit from incineration. But whether it is purely an internal benefit or partly
an external benefit (like the displaced emissions from energy recovery) is the
interesting question.

The bottom ash in itself is not an externality, since its value directly affects the
costs of operating the incineration plant. However, net environmental benefits
may be associated with the recovery and recycling of materials such as iron and
aluminium from bottom ash, and the use of bottom ash as e.g. an aggregate in
road construction. The magnitude of these (external) environmental benefits is
unknown. In addition, financial benefits may be associated with bottom ash,
although the financial benefits will probably be relatively low.

ECOTEC (2000) attributed small net benefits to the recovery of steel, alumin-
ium and replaced aggregates, on the basis that these materials are recycled and
displace primary materials. The effect of including the benefits of material re-
covery was that major negative externalities of air pollution were offset (see
Table 4.17). However, ECOTEC acknowledge that the assumption is conten-
tious and that in reality the benefits from materials recovery may be much less.
Considering the unknown magnitude of external benefits from bottom ash,
these benefits are not quantified in this study.
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Table 4.17 Externalities (£/tonne MSW) associated with material recovered from
bottom ash after incineration.

High Low Assumption

Positive externalities from
recovered steel

80.97 1.23 50% recovery rate

Positive externalities from
recovered aluminium

30.81 1.65 33% recovery rate

Positive externalities from
displaced aggregates

0.33 0.33 0.25 tonnes of bottom ash
used/tonne MSW

Source: ECOTEC (2000).

4.4 External Costs of Disamenity Effects
This section focuses on valuation of disamenities associated with incineration
of waste. Waste incineration is associated with several local environmental nui-
sances such as plant noise, smell, visual intrusion and traffic.

Only very few studies have been undertaken that investigate disamenity effects
associated with incineration, which makes valuation of disamenity trouble-
some. However, a number of studies of landfill disamenity effects have been
carried out. While there are differences in the types of "aesthetic attributes" and
disamenities associated with living close to an incinerator and close to a land-
fill, there are also obvious similarities. This section will draw extensively on
the valuation studies of landfill disamenities and therefore the reader is advised
to read Section 5.4 before continuing below.

4.4.1 Literature Survey of Hedonic Prices Studies of Landfill
Disamenities

As noted in Section 5.4.3 this study (Brisson and Pearce (1998)) summarises
the results of disamenity effect studies of landfills. However, the survey also
includes a study that estimates the value of disamenity associated with incin-
eration.

The summary of the study characteristics can be seen in Table 5.19. The table
below presents the study that includes valuation of disamenity in association
with waste incineration.
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Table 4.18 Valuation results.

Study Method Valuation

Waste to energy waste
incinerator, North Andover,
Massachussetts by Kiel and
McClain [1995]

Analysis of 2593 house sales from 1974
to 1992

Price reductions associated with distance from site
and according to time phase: pre-rumour 1974-78
zero; rumour 1979-90 zero;
Construction 1981-84 $2283 per mile (house price
$130,929; 1.7% per mile); online 1985-88 $8100 per
mile (house price $251,423; 3.2% per mile);
ongoing operation 1988-92 $6607 per mile (house
price $242,242; 2.7% per mile)

Source: Brisson and Pearce (1998).
Note: All prices are 1992 US$. Values have been converted using US GNP deflator.

As for landfill disamenity the incineration disamenity is a fixed externality that
does not vary with the amount of waste. The disamenity arises because of the
mere existence of the incinerator. However, some of the nuisance, such as vis-
ual intrusion and odour must be correlated with waste quantities. Nevertheless,
all prices in the table above are expressed per household rather than per tonne
waste incinerated.

Although the focus of Brisson and Pearce's study is the disamenity effects asso-
ciated with landfill, it also includes the above hedonic property price study of
an incinerator (Kiel and McClain, 1995). The reason for the inclusion of the
study is that although there are differences in the types of nuisances and
disamenities associated with living close to an incinerator and close to a land-
fill, there are also obvious similarities. It would therefore not seem unreason-
able to expect a somewhat similar profile of welfare losses associated with a
landfill and an incineration plant. In fact Brisson and Pearce show that the in-
cinerator values are nested by those for the landfill sites.

The Kiel and McClain (1995) study suggests that house prices increase by 1.7-
3.2 per cent per mile distance from the incinerator (no effect for houses more
than 3.5 miles away from waste facility) depending on the time-phase (con-
struction, online and ongoing operation).

For an overview of the study's aggregated valuation result for landfill disamen-
ity, see Section 5.4.3.

4.4.2 Summary and Proposals for Further Research
Until this point in time, no European studies have been undertaken to investi-
gate the disamenity costs associated with incineration25 of waste and only very
few international studies touching the subject exist. Hence, only a single result
of the disamenity costs associated with incineration of waste was presented
above. Due to the origin of the study, it is not justified to use the result in a

                                                  
25 ExternE (1995) include a study on disamenity, but it focuses on disamenity from landfills
rather than incinerators (See section 5.4.1).
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European context. Therefore, at the moment it is not possible to cite any
disamenity cost figure for incineration.

Although, it is not justified to cite any figure explicitly associated with incin-
eration of waste, it is the impression that the valuations of disamenity from
landfill sites and from incinerators might be similar. The comparability is argu-
able, and no solid evidence for similarities exists. Nevertheless, as a best esti-
mate for the costs of disamenity from incineration at this point in time, the es-
timate of disamenity costs from landfill presented in Section 5.4.5 is recom-
mended. This section also presents proposals for further research.
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5 Economic Valuation of Externalities from
Landfill Disposal

Valuation results for externalities from landfill of waste are shown in this
chapter. As for the previous chapter on incineration, this chapter is divided into
four sections. First valuation results of externalities from air emissions are de-
scribed. Next, valuation of emissions to soil and water is presented. In the fol-
lowing section, external benefits are outlined, and, finally, valuation of
disamenity effects is described.

All the figures presented in this chapter are obtained from a literature review, as
was the case for incineration. Some areas of externalities are more fully cov-
ered than others, because the quantity of valuation results in each of the areas is
different. Especially the literature covering externalities to soil from landfill
disposal is sparse.

5.1 External Costs of Air Emissions
In this section valuation results from different studies on air emissions from
landfills are shown. The heading of each of the following subsections indicate
the name of the study.

5.1.1 Externalities from Landfill and Incineration
This report (CSERGE et al (1993)) deals also with external costs for landfills in
UK. The study includes CO2 and CH4 in the category of air emissions from
landfills. The study also identifies trace gases (mainly VOCs) as potential dam-
aging substances, however, it is argued that it is very complicated to assess the
quantity of trace gas emitted from an average tonne of waste, and therefore this
emission type is not included in the analysis. The report relies on valuation re-
sults of among others Fankhauser26 (1992 and 1993). This source uses a model
to quantify the temperature rise from emission of greenhouse gases and thereby
it quantifies the economic damages caused by this temperature rise. The report
is based on a global warming potential (IPCC, 1990 and 1992) of CH4 com-

                                                  
26 Two studies are quoted in the study: Fankhauser, 1992: Global Warming Damage Costs:
Some Monetary Estimates. CSERGE Working Paper 92-29 and Fankhauser & Pearce,
1993: The Social Costs of Greenhouse Emissions. Paper to OECD/IEA Conference on The
Economics of Climate Change.
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pared with CO2 of 35 on a 20 years basis, and 11 on a 100 years basis. The
study characteristics are summarised in Table 5.1.

Table 5.1 Summary of study characteristics.

Criteria Information

Title Externalities from Landfill and Incineration
Source CSERGE et a (1993)
Year 1993
Methodology Assessment of temperature impacts (derived in other studies)

and the use of global warming potential of the substances
Applicability Applicable for valuation of CO2 and CH4

Impacts included Climate effects
Comments No consideration of flaring landfill gas

The landfill gas is assumed either to be captured for energy recovery (45%
capture rate and 37% conversion efficiency) or to escape to the atmosphere.
The study does not consider flaring of landfill gas or methane oxidation. The
valuation figures applied in the report are shown in Table 4.5.

Table 5.2 Valuation results per kg emission.

Emission type Cost, (£/kg emission)
(1993)

CO2 0.0011-0.0085
CH4 0.031-0.1385

Source: CSERGE et al, 1993.

The valuation results are presented in intervals. These intervals reflect the fact
that the Fankhauser model allows for uncertainty by making the key parameters
in the model random variables. Hence, the climate sensitivity is assumed to
have a certain probability distribution. Similar assumptions are made about
other parameters based on the findings of IPCC. In addition, the discounting
rate is a random variable with lower and upper bounds of 0% and 3% respec-
tively.

5.1.2 Miljøkostnader knyttet til ulike typer avfall
(Environmental Costs of Different Types of Waste)

The aim of this report (ECON (1995)) is to assess the composition of waste in
Norway and present separate estimates for the external costs of landfill disposal
and incineration of different types of waste.

The report looks at landfills both with and without collection of landfill gas.
For air emissions from landfills the study looks at CO2, CH4, VOC, and NOx. It
is argued that landfills with gas collection give a small emission of NOx of
around 0.0033 kg/ton.
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The methodology used for valuing the greenhouse gases is to apply the Norwe-
gian tax on CO2. This tax varies for different sectors and the figure applied is
the CO2 tax for gasoline, which is the largest tax on CO2 in Norway. This figure
is around the double of the average tax on CO2 in Norway. There is no tax on
CH4 in Norway, and therefore the price of methane is obtained by assessing the
global warming potential of CH4 compared CO2. The global warming potential
used in the calculations relies on IPCC (1994) and it is 62 on a 20 years period
and 24,5 on a 100 years period.

For VOC the study uses an avoidance cost, which is estimated to reflect the
marginal cost of reducing the VOC emissions. This is based on an agreement
that Norway had entered to reduce the VOC emissions from 1989 to 1999 by
30%. For NOx the estimate is based on a dose-response approach. Finally, the
study also includes vinyl chloride (VC), which is a part of VOC. The cost of
VC is obtained by using estimates from Tellus (1992) and the figure is there-
fore questionable c.f. earlier comments to Tellus (1992).

Table 5.3 Summary of study characteristics.

Criteria Information

Title Miljøkostnader knyttet til ulike typer avfall (Environmental
costs of different types of waste)

Source ECON Energi
Year 1995
Methodology Special method (tax) for CO2 and CH4. Avoidance costs for

VOC. Special method for VC and dose-response for NOx

Applicability Applicable for valuation of NOx. For CO2, CH4, VOC and es-
pecially VC the costs should be applied only with care.

Impacts included Only for NOx: Health effects and acidification
Comments For CO2, CH4, VOC and VC the methodology used implies that

no direct impact are quantified

The valuation results used in the report are shown in Table 5.4.

Table 5.4 Valuation results per kg emission.

Emission type Cost, (NKR/kg emission)
(1995)

CO2 0.36
CH4 18.16
VOC 11
VCl 2100
NOx 49

Source: ECON (1995).
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5.1.3 Cost-Benefit Analysis of the Different Municipal Solid
Waste Management Systems: Objectives and Instruments
for the Year 2000

The study (EC, 1996d) assesses the environmental and economic costs and
benefit related to incineration and landfill disposal of waste in EU. The study
adopts valuation estimates from other studies, which effectively means that
they use benefits transfer. Landfills both with and without energy recovery are
considered in the study. When making calculations with energy recovery, a
collection efficiency of 40% is assumed and a conversion efficiency of 30% is
used. It is not clear from the report exactly which emissions related to landfills
are included, because no emission factors are shown in the report.

However, the emissions, which are priced in the study and applicable for emis-
sions from landfills, are CO2, N2O, and CH4, i.e. emissions causing global
warming. The cost estimates for these emissions are obtained from Fankhauser.
Below the results of emissions associated with landfills are presented. For a
complete review of the study including presentation of valuation results of
emissions associated with incineration, see Section 4.1.5.

Table 5.5 Summary of study characteristics.

Criteria Information

Title Cost-Benefit Analysis of the Different Municipal Solid Waste
Management Systems: Objectives and Instruments for the Year
2000)

Source EC (1996d)
Year 1996
Methodology Benefits transfer of results from Fankhauser who uses assess-

ment of temperature damage, i.e. sort of impact pathway
Applicability Applicable for valuation of CO2, CH4 and N2O
Impacts included Global warming

Table 5.6 Valuation results per kg emission.

Emission type
(year of valuation)

Cost, (ECU/kg emission)
(1993)

CO2 0.004
CH4 0.086
N2O 1.469

Source: EC (1996d).

5.1.4 Other Studies
The report Does the Waste Management Hierarchy Make Sense? also calcu-
lates the external costs of landfill disposal of waste. The emissions included are
NOx, CO, CO2, CH4, benzene, chloroform and TCE. Specific valuation of each
of these emissions is not included in the article. The calculations cover both
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landfills with and without methane recovery. The external costs of air emis-
sions from landfills are finally estimated to be US$ 2.42-14.14 per tonne of
MSW landfilled depending on the type of landfill considered.

5.1.5 Summary and Proposals for Further Research
In this section a summary of the valuation results presented in the previous sec-
tions is shown in Table 5.7.

Table 5.7 Summary of valuation results of air emissions for the studies
(EURO per kg emission).

Study
(valuation year)

Emission type

Study 1
(1993)

Study 2
(1995)

Study 3
(1993)

CO2 0.002-0.015 0.042 0.004
CH4 0.053-0.237 2.223 0.086
VOC - 1.351 -
N2O - - 1.469
VC - 257.863 -
NOx - 6.017 -

Notes:
Study 1: Externalities from Landfill and Incineration. Conversions performed with ex-
change rate in April 2000: 1 UK£ = 1.71233 EUR.
Study 2: Miljøkostnader knyttet til ulike typer avfall. Conversions performed with ex-
change rate in April 2000: 1 NOK = 0.122792 EUR.
Study 3: Cost-Benefit Analysis of the Different Municipal Solid Waste Management Sys-
tems: Objectives and Instruments for the Year 2000

The most important air emissions from landfill disposal are those of CO2 and
CH4. The table shows a large variation in these costs even within the same
study. Studies 1 and 3 are both based on Fankhauser. The results of Study 1
include uncertainty intervals, whereas Study 3 indicates one value for each
emission. However, these values are within the intervals indicated for Study 1.
It appears that Study 2 using the Norwegian tax on CO2 has a value somewhat
higher than the two others. This study furthermore uses a higher value of the
global warming potential of CH4 and therefore has a substantially higher value
for CH4 than the two other studies. However, according to the earlier recom-
mendations a tax does not necessarily reflect the value of the damage caused by
an emission, and it is therefore not recommended to use the results from Study
2. The same argument prevails for the valuation of VOC emissions from Study
2. However, this value is at the same level as values presented in Table 4.14 for
air emissions from incineration.

VC is a part of VOC and its specific share will depend on the specific emission
of VOC. In Study 2 the valuation of VC reflects the fact that VC normally con-
stitutes a small share of VOC if the two prices should be comparable. However,
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the same arguments as mentioned earlier imply that the value for VC should not
be applied.

The value for NOx is in the low end compared to the values presented in Table
4.14. If such value should be applied to air emissions from landfills then values
similar to those applied for air emissions from incineration should be applied.

No studies have been found valuing other air pollutants from landfill disposal
than those mentioned above. However, as mentioned in Section 2 there are also
some emissions connected to flaring the landfill gas. It is most likely due to the
minor importance of these that they have not been valued in any of the studies
shown.

5.2 External Costs of Emissions to Water and Soil
In this section valuation results from different studies on emissions to soil and
water from landfill disposal are presented.

The infiltration of precipitation and surface water into landfills coupled with the
biochemical and physical breakdown of waste produce a liquor or leachate with
a high organic and inorganic content. The leachate causes various adverse im-
pacts. The focus of this section is valuation of these impacts.

5.2.1 Externalities from Landfill and Incineration
This report (CSERGE et al (1993)) which was mentioned above also covers the
external effects of emissions to soil and water. The externality costs are investi-
gated for landfills in UK.

In absence of a dose-response study or risk analysis in which health hazards
and other impacts are estimated and then economically valued, impacts associ-
ated with leachate are valued by a clean-up cost approach. This method of
valuation entails that all impacts associated with leachate are included in the
study.

The study is difficult to use because clean-up costs are merely a surrogate for
the actual externality or damage costs. Ideally, economic damage should be
measured be willingness to pay or willingness to avoid damage or willingness
to accept compensation for damage occurred. WTP estimates will not necessar-
ily coincide with the clean-up costs.
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Table 5.8 Summary of study characteristics.

Criteria Information

Title Externalities from Landfill and Incineration
Source CSERGE et al (1993)
Year 1993
Methodology Clean-up costs
Applicability In absence of dose-response estimates these clean-up costs can

be used
Impacts included All impacts associated with leachate
Comments The valuation is based on estimated probabilities of accidents

coupled with estimated costs for remediation

In order to analyse the relevant emissions and impacts associated with disposal
(and incineration) of waste, the study uses different scenarios reflecting existing
and on-going legislation. The different scenarios are associated with different
emission coefficients and hence different prices per tonne waste treated. The
study uses four different scenarios, but with respect to the results for valuation
of leachate only the split between new and existing landfills are interesting.
Whilst new landfills complying with new standards and regulations are as-
sumed not to be associated with leachate27, the scenarios for existing landfills
include costs of leachate.

The clean-up costs calculated and presented in the study are not clean-up costs
incurred (and damages paid by site operators) in any real incident. Rather, the
clean-up costs are calculated on the basis of approximated probabilities of acci-
dents over a 30 year period for all licensed sites in UK coupled with upper and
lower bound estimates for remediation costs. Further, insurance risks and
monitoring costs are included. The grand total of costs for all licensed landfills
is then calculated and divided by the total amount of waste landfilled. As a con-
sequence of this approach it is not possible to quote any actual incurred cost
figures on the basis of this study.

CSERGE estimates an upper and a lower bound for a remediation strategy that
involves capping a site and treating groundwater contamination at £ 4 million
and £ 500.000 respectively. Further, they base the risk of an accident on infor-
mation of probability of an accident over a 30-year period from the Working
Group of the Department of Environment for 3600 sites:

1 major accident = £ 4 million
5 accident at £2 million = £ 10 million
10 accident at £1 million = £ 10 million
29 accident at £0.5 million = £ 14.5 million

This equals £ 1.27 million p.a. and including insurance risks the costs add up to
£ 2.6 million p.a.
                                                  
27  New landfill sites are operated on the principle that all leachate is contained within the
landfill. However, some risk of leachate release will remain.
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Finally, CSERGE add monitoring costs to this estimate and arrive at there final
estimate for clean-up costs in UK.

The study's valuation results are not presented as costs per emission or costs per
impact, rather they are presented directly for all leachate and expressed as cost
per tonne of waste landfilled. The costs are shown in Table 5.9.

Table 5.9 Valuation results expressed in £ per tonne waste landfilled.

New landfills Existing landfills

Leachate 0 0.45 (0-0.9)

Source: CSERGE et al (1993).

The study uses £0.45 per tonne waste landfilled (1993-prices) as a best estimate
for costs of leachate. The leachate costs in the study reflect releases due to ac-
cidents and not leachate as the a priori result of operation. Therefore, the study
argue that it is debatable to which extent the cost is an externality. If operators
are liable to accidents then the externality is internalised. However, liability is
not indefinite and hence damage could arise, which is not internalised. The
study suggests that existing sites in the future would have a maximum value of
£0.9 per tonne waste (the calculated value) and that a mean of £0.45 per tonne
might be the best estimate. The study concludes the following:

"The procedure is not very satisfactory but in the absence of detailed risk
analyses there is little more to go on."

5.2.2 Waste Not, Want Not: the Private and Social Costs of
Waste-to-Energy Production

This study (Miranda and Hale (1997)) considers externalities associated with
landfills including both air emissions and water pollution from leachate. Exter-
nality costs are obtained for landfill sites in the US. The impacts are valued by
a marginal damage cost function based on to other sources (Josselyn, 1993 and
SRI International, 1992). The leachate in the study is assumed to consist of As,
Cd, Cr, Cu, Ni, Pb, and Hg, which are therefore the emissions taken into con-
sideration. The marginal damage functions used to estimate the damage of the
emissions are limited to mortality effects and morbidity effects.

The study results are not perfectly applicable because the results are presented
for leachate aggregated and not for each impact caused by leachate or for each
emission to soil and water separately. Further, the study area is the US where
landfill characteristics might differ from European.

Data for emission of leachate is based on to other sources (Josselyn, 1993 and
SRI international 1992) and assumptions of how much leachate that escape
from the liner. These emission figures are multiplied by relevant marginal dam-
age cost functions from Josselyn's study. Summing the impacts from the
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leachate emissions Miranda and Hale at the total estimated social costs pre-
sented in the table below.

Table 5.10 Summary of study characteristics.

Criteria Information

Title Waste not, Want not: the Private and Social Costs of Waste-to-
Energy Production

Source Maire Lynn Miranda and Brack Hale, Energy Policy No 6 1997
Year 1993?
Methodology Marginal damage cost functions (dose-response) from Josselyn,

1993 and SRI International, 1992
Applicability Difficult to use directly as results are presented in aggregated

form
Impacts included Mortality and morbidity effects

The valuation results of the study are unfortunately not presented as costs per
emission. The costs are therefore explicitly presented in cost per tonne of waste
landfilled. The costs are shown in Table 5.11.

Table 5.11 Valuation results US$ per tonne waste landfilled.

Externality Cost range per tonne of waste landfilled
(US$)

Leachate 0.00-0.98
Source: Energy policy, Vol. 25, No. 6, 1997.

The cost of leachate per tonne waste landfilled is estimated to $0.00-0.98 in the
study. The estimate is based on a number of vital assumptions. Legislation re-
quires landfills to collect and treat the leachate. However, it is assumed that in
most cases no measures are taken to prevent leachate. It is assumed that 70% of
landfill capacity is lined and 30% unlined. Further, it is assumed that the lined
landfills capture some leachate in the liner, and allow some to escape, while
unlined landfills allow the escape of all the leachate. The above result is heavily
dependent on these assumptions.

5.2.3 Miljøkostnader knyttet til ulike typer avfall
(Environmental costs of different types of waste)

In this report (ECON Senter for økonomisk analyse, 1995) ECON presents
valuation estimates of external environmental costs of landfill and incineration
of waste. The report provide cost estimates for air emissions as well as emis-
sions to soil and water. The estimates are derived for a standard Norwegian
landfill.



116 A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

The estimation of the leachate externalities is obtained by using a control cost
approach coupled with linked environmental values ranking different pollutants
by toxicity. Moreover, for all emissions to soil and water (e.g. lead, cadmium,
mercury etc.) the damage is quantified using toxicity indices and assumptions
for health risks28. The emission, damage and valuation data used in the study is
based on a number of national Norwegian and international sources, e.g. Hjell-
nes (1992), DNV Industry (1995), Tellus (1992) and Heijungs et al (1992).

Heavy metals and toxins give rise not only to health effects but also adverse
impacts on the ecosystem. Both effects are covered by the study. The quantifi-
cation of health impacts is based on valuation of statistical life, valuation of a
work-hour and valuation illness and hospitalisation. Quantification of the ad-
verse ecological impacts is based on indices for eco-toxicity coupled with as-
sumptions for "effect in relation to maximal tolerant quantity".

The results of the study are considered relevant and applicable for valuing the
costs of landfill of a tonne waste. However, the results are considered highly
uncertain due to the non-robust valuation methodology. Table 5.12 summarises
the main characteristics of study.

Table 5.12 Summary of study characteristics.

Criteria Information

Title Miljøkostnader knyttet til ulike typer avfall (Environmental
costs of different types of waste)

Source ECON Energi
Year 1995
Methodology "Modified" impact pathway approach based on linked environ-

mental values or indices of toxicity of pollutants
Applicability Applicable for valuation of emissions to soil and water
Impacts included Health impacts as well as adverse impacts on eco-system

Valuation results are presented as costs per emission in the report. The results
are shown in Table 5.13.

                                                  
28 Dose-response functions for the emissions to soil and water were not available for
ECON. Instead they used linked environmental values or indices that rank pollutants in
accordance with their health and environmental impacts. Emissions are quantified in
monetary terms using the indices coupled with the known cost of one other pollutant (not
mentioned in the study, but from the Tellus, 1992 study it is known that it is lead).
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Table 5.13 Valuation results presented as NKr per kg emission.

Emission type To water, cost (NKr/g)  To soil, cost (NKr/g)

Category 1
Lead (Pb) 1,400 40
Cadmium (Cd) 5,100 12,300
Mercury (Hg) 8,300 300
Dioxins 510,400,000 n.a.
Category 2
Antimony (Sb) 986,000 986,000
Arsenic (As) 2,500 100
Barium (Ba) 250 300
Beryllium (Be) 365,000 365,000
Copper (Cu) 40 10
Chromium (Cr) 1) 142,000 2,600
Nickel (Ni) 100 30
Selenium (Se) 131,000 131,000
Zinc (Zn) 10 10
Category 3
Acetone 3,900 3.900
2-Butanone 7,900 7,900
p-Cresol 100 800
Trans-1,2-dichloroethylene 20,000 20,000
Diethylphthalate 200 -
bis(2-ethylhexyl)phthalate 200 -
4-methyl-2-pantanone 7,900 7,900
Methyl chloride 39,000 39,000
Phenol 100 1,100
Toluene 10 200
1,2,3-Trichloropropane 66,000 66,000
Vinyl chloride 1,400 563,000

Source: ECON Senter for økonomisk analyse, 1995.
1) Split 50/1 between Cr III and Cr VI.
Note: Category 1 valuations are the key emissions presented in the study. Category 2 and 3
are secondary emissions of heavy metals and toxins respectively. The results have been
taken from tables 1.1, 5.10, 5.17 and 5.19 in the report. (1995-prices).

The estimates in Table 5.13 are associated with considerable uncertainty.
ECON states that under different alternatives the valuations vary from a tenth
to double of the presented values. Further, the estimates are sensitive to the lo-
cation of the landfill site. Whether the pollutants are omitted in an urban or ru-
ral area will affect the number of people exposed to the pollutants and hence
also the damage. The study does not attempt to quantify or estimate the re-
sponse effect but merely adopts the exposure data from other studies with the
assumption that the expose to emissions from Norwegian landfills is equivalent
to expose from these other studies.

5.2.4 Other Studies
Quantifying Externalities in Solid Waste Management in Hong Kong by Chung,
S.-S. and Poon, C.-S., 1997 deals with emissions to soil and water. The study
estimates the minimum external environmental costs of additional landfilling
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including costs of leachate in Hong Kong. The study uses the impact pathway
approach to assess the impacts. Pollutants for which environmental costs are
quantified include Barium, Mercury, Cadmium, Cyanide, Phenols, and Sul-
phide. In the study it is stated that the costs associated with leachate composed
of the above emissions are negligible. Further it concludes that:

"In the view of the very small environmental costs obtained, it is unlikely that
even if some more precise and comprehensive qualification is made, the final
outcome will have any significant effect on the environmental performance of
landfilling".

5.2.5 Summary and Proposals for Further Research
Only few studies contain valuation results for emissions to soil and water and
even fewer exist, which bases valuation on a damage cost approach. Moreover,
the large majority of the study results presented above is based on approximate
valuation approaches such as control cost and linked environmental values. The
results of the studies are summarised below.

Table 5.14 Summary of valuation results of emissions to soil and water (EURO).

Study

Emission type

Study 1
(1993)

per tonne waste
landfilled

Study 2
(1997)

per tonne waste
landfilled

Study 3
(1995)
per kg

emission
to water

Study 3
(1995)
per kg

emission
to soil

Leachate 0.77 (0 - 1.54) 0 - 1.09 - -

Lead (Pb) - - 178 5
Cadmium (Cd) - - 622 1,514
Mercury (Hg) - - 1,022 37
Dioxins - - 62,824,889 n.a.

Antimony (Sb) - - 121,366 121,366
Arsenic (As) - - 308 12
Barium (Ba) - - 31 37
Beryllium (Be) - - 44,928 44,928
Copper (Cu) - - 5 1
Chromium (Cr) 1) - - 17,479 320
Nickel (Ni) - - 12 4
Selenium (Se) - - 16,125 16,125
Zinc (Zn) - - 1 1

Notes:
1) Split 50/1 between Cr III and Cr VI.
Study 1: Externalities from Landfill and Incineration. Based on cleanup cost. Conversions performed
with exchange rate in April 2000: 1 £ = 1,71233 EURO.
Study 2: Waste not, Want not: the Private and Social Costs of Waste-to-Energy Production. The
emissions considered consist of As, Cd, Cr (type not indicated in source), Cu, Ni, Pb, and Hg. Con-
versions performed with exchange rate in April 2000: 1 £ = 1,11495 EURO.
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Study 3: Miljøkostnader knyttet til ulike typer avfall. Conversions performed with exchange rate in
April 2000: 1 NOK = 0.122792 EURO.

Study 1 bases valuation on cleanup-cost, which entails that all impacts associ-
ated with leachate are included in the study. Study 2 uses a marginal damage
cost approach for valuing leachate. The leachate in the study is assumed to con-
sist of As, Cd, Cr, Cu, Ni, Pb, and Hg, which are therefore the emissions taken
into consideration. The marginal damage functions used to estimate the damage
of the emissions are limited to include only mortality and morbidity effects.
Study 3 uses an approach for valuation based on a control cost methodology
coupled with linked environmental values or indices, where costs are quantified
on the basis of the cost of one pollutant coupled with linked environmental val-
ues. Both environmental and health effects are covered by the study.

The results of study 1 in comparison with the results of study 2, show that the
estimate of leachate costs per tonne waste incinerated is very close in the two
cases, despite the fact that the two studies use very different methodologies for
deriving the estimates. Therefore, it is tempting to conclude that since the two
estimates are very close, a mean of the two estimates of costs per tonne waste
landfilled is a satisfactory and solid estimate. However, due to the fact that the
results from study 1 is not based on a damage cost approach, it is not justifiable
to verify the results of study 2 by the results of study 1.

The result from study 3 can not be compared with the results from the other
studies due to the fact that results are presented as costs per emission, where as
studies 1 and 2 only present results as costs per tonne waste landfilled. The
ECON study present valuation results for a number of emissions to soil and
water, but as already mentioned the results are based on a questionable meth-
odology. Therefore, these results should only be used with great care, if at all.

It is currently not possible to cite any cost figures for emissions to soil and wa-
ter. However, if it is necessary to use an estimate for the costs of emissions to
soil and water, the recommendation is to use the mean value of the two mean
values from study 1 and 2.

In order to obtain a solid estimate of the costs of emissions to soil and water
more research is needed. The available information of leachate damage costs is
scarce and insufficient. Better risk analysis coupled with an economic valuation
exercise (based on dose-response approach) is needed.

The risk assessment of leachate releases from landfill sites is not adequate.
Therefore proper dose-response valuations have still not been undertaken for
valuation of emissions to soil and water. So far only few dose-response valua-
tions have been undertaken - presenting results aggregated for all emissions
(Miranda and Hale, 1997). Better understanding of the pollution pathways of
leachate and of the relationship between exposure and damage is called for
(dose-response), to enable proper valuation of the adverse impacts using the
impact pathway approach. One needs to know more about the effects caused by
old landfills closed long ago, e.g. the effects on long-term accumulation of per-
sistent pollutants such as heavy metals
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As an alternative to dose-response valuations other valuation approaches can be
undertaken to obtain results for the costs of emissions to soil and water. Clean-
up costs and avoidance costs approaches might be more suitable and justified as
long as the all effects of leachate in short and long term is not known, although
the valuation based on these techniques do not reflect individual's willingness
to pay.

Valuation techniques that are not based on the fundamental principle of using
individuals' willingness to pay in the monetary valuation estimation do not offer
true welfare measures but only crude approximations. The clean-up cost ap-
proach does not come without flaws and problems, but nevertheless it cannot be
dismissed as a valuation technique, since in many contexts it may be difficult or
impossible to find more direct measures of damage. Strictly speaking, the costs
of cleaning up are not a substitute for damage costs and the costs need to be
used with caution if they are applied as measures of damage.

5.3 External Benefits
This section briefly discusses the external benefits from landfill disposal of
waste.

5.3.1 Displaced Emissions
In some landfill sites the landfill gas produced is collected and used as an en-
ergy source for production of electricity and/or heat. See Section 2.5.

Similar to the energy recovered from incineration, the landfill gas produced and
used as an energy source for electricity and heat in itself is not an externality,
since its values directly affect the costs of operating a site and therefore also
directly affects the price charged for incineration. However, the energy pro-
duced from the landfill gas will displace the least profitable form of energy
production, which means that the recovery of energy will displace pollution
from those sources. Therefore, the situation is exactly similar to the situation of
displaced emissions from energy recovery discussed in relation to incineration.
See Section 4.3.1.

5.3.2 Other Benefits
Other benefits from landfilling are not considered in the waste studies re-
viewed. However, it should at least be mentioned that landfill generates bene-
fits from land reclamation.

Land is reclaimed through infilling, permitting the land to be used for purposes
it would otherwise not have been able to support.  It is, however, unclear
whether land reclamation is an internal or an external benefit. It depends of who
gets the property rights of reclaimed land. If the site operator gets the property
rights, the benefit is internal, whereas it is external if society (or another agent)
gets the ownership of the land. No information is available on this subject and
therefore it will not be considered further in this study.
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5.4 External Costs of Disamenity Effects
In this section valuation results from different studies on disamenity from land-
fills are shown. A number of studies investigating disamenities associated with
landfill operation have been carried out in North America while only two stud-
ies has been identified which to this date in time have been carried out in a
European context.

Nuisances caused by landfills include odour, flies, seagulls, wind-blown litter,
noise, visual intrusion, and traffic. Moreover, disamenities or disamenity effects
include deterioration in "aesthetic attributes" associated with environmental
goods. The aesthetic attributes include deteriorations in taste, odour, appear-
ance, or visibility. In short, these costs are determined by how the senses are
affected and how individual welfare is changed as a result. This class of costs is
unique in the sense that the focus is on the sensory experience and not on a
physical or material effect. Therefore, there is a clear-cut conceptual distinction
between aesthetic costs and physical or material costs. However, despite this
distinction, the valuation of disamenity is often mixed with the costs of impacts
from air pollution such as health effects and risks. The reason is that a policy
that improves air quality, for example, might simultaneously improve visibility
and reduce mortality risks associated with airborne contaminants. In a willing-
ness to pay study, it often proves very difficult or impossible to separately
quantify and value improvements of the different effects.

5.4.1 The Evaluation of Disamenities of Waste Disposal Site
This study is a part of the ExternE project, which aimed at analysing the exter-
nalities of energy. The study estimates the disamenity costs associated with
landfills in a suburban area northwest of Milan in Italy.

Since a large share of the disamenity impact of landfills is subjective (e.g. vis-
ual nuisance, odour) and very difficult to work out by scientific means (as for
risk of groundwater pollution), a stated preference or revealed preference
method is needed for estimation of the disamenity. In the ExternE study he-
donic pricing was the preferred method.

The study results are considered relevant and applicable for valuing the
disamenity costs of landfills, although care is needed because the sample of
sales was relatively small. Further, prices were based on information from a
single real estate agency because no reliable databases of house market trans-
actions exist in Italy. Table 1.1 summarises the main characteristics of the
study.
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Table 5.15 Summary of study characteristics.

Criteria Information

Title The Evaluation of Disamenities of Waste Disposal Site
Source ExternE
Year 1995
Methodology Hedonic pricing
Applicability Landfill disamenities
Impacts included Disamenity (noise, odour, windblown dust and litter)
Comments Disamenity suffered by any other parties than local residents

are not included

In the study, the data of sales is used to estimate results of environmental
amenities measured by linear distance from the landfill and incinerator site. All
values were computed by using linear regression. The values of some parame-
ters (odour) were complemented by actual measurements estimated by means
of a dispersion model combined with information of exposure. The results from
the linear regression analysis and the dispersion model were integrated to give a
function representing marginal willingness to pay to avoid exposure to landfill
disamenities. The function is then applied to actual properties in the affected
area to estimate the total disamenity costs in the affected area.

Table 5.16 Valuation result for disamenity.

Background data and assumptions Total costs
Uniform population and housing density,
1648 inhabitants per squared kilometre and
25 square meters per capita

303.16 billion liras

Source: ExternE (1995).

Under the assumption that the sample is representative the result is approxi-
mated to reflect damage in a general situation. This gives an average price
change of 2.8% in the affected area is estimated. In the study, this estimate is
recommended for policy purposes where it would be useful to relate to waste
dumped at a site.

Finally, the estimate for disamenity costs is converted into a cost per tonne of
solid waste. It is assumed that the estimated damage (2.8% reduction in house
price in average of affected houses) represent the capitalisation of the current
disamenity flow cost. A rent/value ratio of 0.06 is applied and it is assumed that
the site receive an average 2,000 tonnes per day. This gives external costs of
20,842 liras per tonne of solid waste equal to approx. 13.2 EURO per tonne.

5.4.2 Estimating Lost Amenity Due to Landfill Waste Disposal
This study (Garrod and Willis, 1998), which is merely a pilot study, is the only
European study apart from the ExternE study, which has been identified, that
explicitly focuses on estimating the disamenity associated with landfills. The
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study uses the stated preference technique to estimate the disamenity costs as-
sociated with a landfill site in the Northeast of England.

The study results are considered relevant and applicable for valuing the
disamenity costs of landfills. It should be noted, though, that the study involves
investigation of disamenities for a well-established landfill where the neigh-
bouring residents have had time to become used to its presence. This means
that the people living near the sites might also be those who do not mind so
much to live near a site, which will be reflected in the WTP estimate. One
might expect the initial disamenity effects to be higher if a new landfill were to
be opened near a residential area. Table 5.17 summarises the main characteris-
tics of the study.

Table 5.17 Summary of study characteristics.

Criteria Information

Title Estimating lost amenity due to landfill waste disposal
Source G. Garrod and K. Willis
Year 1998
Methodology The stated preference technique
Applicability Landfill disamenities
Impacts included Disamenity (noise, odour, windblown dust and litter)
Comments To the extent that respondents were aware that the landfill re-

ceives only non-toxic waste, health effects are probably not
included in people’s WTP

The study landfill is one that has been in operation for a long time, allowing for
nearby residents to get used to its presence and adjust their attitudes accord-
ingly. In total about 400 households are potentially affected by the landfill. Of
over 100 households targeted in the survey 73 responded. The stated preference
study was designed to investigate for effects of noise disturbance, odour, wind-
blown dust and litter from the site affecting the residents of the properties.

Analysis of the response data showed that the attribute  ‘reduction in noise’ was
not significant, e.g. the respondents’ showed no significant preference for re-
ductions of noise. On the other hand, dust and windblown litter and smell were
significant disamenities experienced by the households adjacent to the landfill.

Table 5.18 Valuation results in terms of WTP for marginal reductions in disamenity.

Disamenity WTP for one day reduction (£)
Dust and windblown litter from the site 0.11-0.17
Smell from the site 0.09-0.14
Total 0.20-0.31
Source: Garrod and Willis (1998).

In the study, the respondents' marginal willingness to pay to reduce the number
of days suffering from dust and windblown litter from the landfill was found to
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be 14-17 pence per day. Further, the respondents' marginal willingness to pay
to reduce the number of days when the landfill can be smelt from their home
was found to be 9-14 pence per day. A variety of other individual specific vari-
ables were tested in the model, but none of these proved to be statistically sig-
nificant.

The marginal WTP for a reduction in the number of days where a disamenity is
experienced is low. Thus many respondents are unwilling to pay for any im-
provements, regarding the current level of disamenity negligible, while a mi-
nority is willing to pay a relatively small amount.

Since the result of the study are presented as prices per day of nuisance, one
needs to know the number of days that the surrounding dwellings are affected
by windblown litter and dust and smell from the site, in order to get an indica-
tion of the value of disamenity. For example, overall WTP for 50 fewer days
with smells from the site and 50 days with windblown litter from the site will
amount to as much as £13 per household per year (1997-prices).

As already noted, the estimated WTP in this study suggest that the overall wel-
fare losses are relatively small. But it should be noted that this was in the con-
text of a well-established landfill, where the neighbouring residents had had
time to become used to its presence. Garrod and Willis note that indeed many
moved into their current houses fully aware of the likely levels of disamenity.
One might expect the initial disamenity effects to be higher if a new landfill
were to be opened near a residential area, but that these would diminish as peo-
ple adjust to its presence.

5.4.3 Literature Survey of Hedonic Prices Studies of Landfill
Disamenities

This study (Brisson and Pearce, 1998) summarises the results of North Ameri-
can disamenity effect studies that use the hedonic pricing approach for valua-
tion. The hedonic property price studies analyse the extent to which proximity
to landfill sites affect property prices. However, the study also summarises the
results of a number of contingent valuation studies focusing on the disamenity
effects from landfills. The study provides a review of all studies and relates the
results of the North American studies to the stated preference study by Garrod
and Willis (1998) reported above, which estimates the disamenity effects of a
UK landfill. Below the results of the Brisson and Pearce study are presented.

With only very few European studies of disamenity costs, the results of the
study are considered relevant and applicable for valuing the disamenity costs of
landfills. However, some caution is called for because of the geographical ori-
gin of the studies. Table 5.19 summarises the main characteristics of the study.
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Table 5.19 Summary of study characteristics.

Criteria Information

Title Literature Survey of Hedonic Prices Studies of Landfill
Source I. Brisson and D. Pearce
Year 1995
Methodology Benefits transfer of Hedonic Pricing and CV studies
Applicability Landfill disamenities
Impacts included Includes aesthetic attributes associated with environmental

goods

Comments Difficult to assess whether the different studies operate with a
clear-cut conceptual distinction between aesthetic effects and
physical or material effects in the valuation

As already mentioned, the vast majority of studies have been undertaken in the
US. This is reflected in Table 5.20 that summarises the results of the hedonic
price studies identified by Brisson and Pearce.

Table 5.20 Valuation results from hedonic pricing studies.

Study Method Valuation
Landfills in Ramsey, Lake
Jane and Oak  Grove (all
Minn., USA) by Nelson,
Genereux, Genereux [1992]

Price survey of respectively sales of
vacant residential land in the period
1982-1989. Ramsey: 255 sales, within
5.64 km perimeter
Lake Jane: 140 sales, within 3.62 km
perimeter Oak Grove: 126 sales, within
6.04 km perimeter

Ramsey: 0.853% increase in land value for each 1%
increase in distance from landfill. Lake Jane:
0.053% increase in land value for 1% increase in
distance Oak Grove: 0.209% increase in land value
for 1% increase in distance

Landfill in Ramsey,
Minnesota, USA
by Nelson, Genereux,
Genereux [1992]

Price survey of 708 house sales between
1979-1989, within 2 miles proximity to
landfill

6.2% increase in house price per mile from landfill

Flying Cloud Landfill,
Minn., USA by Nelson,
Genereux,
Genereux [1997]

Price survey of 644 house sales in the
period 1977-1988 within 3 miles
proximity to landfill

All houses: 8.32%increase per mile from landfill
$50,000-<$100,000: 2.64% increase per mile
$100,000-<$150,000: 4.32% increase per mile
$150,000+:  8.43% increase per mile

5 Landfills in Fort Wayne,
Indiana, USA
by Havlicek, Richardson &
Davies [1971]

Price survey of 182 house sales between
1962-70, within neighbourhood of
landfill

$9800 increase in house price per mile from landfill

5 Landfills near Fort Wayne,
Indiana, USA by Havlicek
[1985]

Price survey House price rose by 5% per mile away from landfill
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Study Method Valuation

Water contamination due to
hazardous waste site in
Pleasant Plains, New Jersey,
USA by Adler et al. [1982]

Price survey of houses sold both before
and after 1974, (year when
contamination became known)

10% fall in house prices for houses 1.5-2.25 miles
from landfill

Boyertown landfill in
Montgomery County
Pennsylvania, USA by
Gamble et al. [1982]

Price survey of 137 house sales between
1977-79, within 1 mile of landfill

5-7% reduction in house price per mile from landfill

PCB hazardous waste
pollution in New Bedford
Harbour, Mass, USA by
Mendelsohn et al. [1992]

Price survey of 1916 house sales within
2 miles of harbour between 1969-1988.
Comparison of prices before and after
1982, (year when contamination became
known)

Affected properties lost 7-8% or $7700 to $11,000
in price

10 hazardous waste sites in
Harris County, Houston,
USA by Kohlhase [1989]

Price survey of house sales in three time
periods (1976, 1980 and 1985), each
period with over 1000 house sales. In
1985 EPA placed some toxic waste sites
on national priority list.

In 1976 and 1980 nearness to hazardous waste site
lowered price by $906 and $1215 per mile.  In 1985,
after EPA publicity, house  price fall  doubled to
$2435 per mile.  But this price effect varies non-
linearly over distance.

11 hazardous waste sites in
suburban Boston, USA by
Michaels and Smith [1990]

Price survey of 2182 house sales of
single family homes between 1977-1981

Absence of nearest waste site would generate
average gains of $253 per house in 1977 dollars

Landfill near the town of
Dryden, New York, USA
by Baker [1982]

Price survey 21% fall in property at 0.25 miles to 0.55% at 2
miles from landfill

Municipal Solid Waste
landfill located in a
hypothetical town by
Hirshfeld et al., [1992]

Survey of eight professional real estate
appraisers and agents, provided with a
map of a hypothetical town, containing a
landfill

30% reduction in houses prices 0.5 miles from site,
13% reduction in house prices 1.25 miles from site.

Waste to energy waste
incinerator, North Andover,
Massachussetts by Kiel and
McClain [1995]

Analysis of 2593 house sales from 1974
to 1992

Price reductions associated with distance from site
and according to time phase: pre-rumour 1974-78
zero; rumour 1979-90 zero;
Construction 1981-84 $2283 per mile (house price
$130,929; 1.7% per mile); online 1985-88 $8100 per
mile (house price $251,423; 3.2% per mile);
ongoing operation 1988-92 $6607 per mile (house
price $242,242; 2.7% per mile)

Source: Brisson and Pearce (1995).
Note: All prices are 1992 US$. Values have been converted using US GNP deflator.

Disamenity is a fixed externality that does not vary with the amount of waste.
The disamenity arises because of the mere existence of the landfill site and is
not greatly affected by the amount of waste received or treated at the site per
day. It should be noted though that some of the nuisance relates to the coming
and going of trucks and will thus be correlated with waste quantities. However,



A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

127

 

all prices in the table above are expressed per landfill or per household rather
than per tonne waste.

All studies summarised above have found a significant price effect for proper-
ties near a landfill site. Brisson and Pearce conclude that as a rule-of-thumb
house prices increase by 5-8 per cent per mile distance from the landfill (no ef-
fect for houses further than four miles away from site).

Brisson and Pearce undertake a regression analysis of the results in the table,
which suggests a linear WTP function. The numerical results of the estimated
WTP function are shown in Table 5.21. One cautionary note is that the regres-
sion analysis covers one incinerator site, a couple of hazardous waste sites and
several conventional landfill sites29.

Table 5.21 Numerical results of the estimated WTP function..

Distance from the site House Price Reduction in %
0 12.8%
1 9.0%
2 5.2%
3 1.4%

3.4 0%
Source: Brisson and Pearce (1995).

The regression analysis suggests a maximum decline in house prices of 12.8%
occurring at the site of the waste disposal facility and that the effect on house
prices will have fallen to zero at a distance of 3.4 miles from the facility.

Table 5.22 summarises the characteristics of the contingent valuation studies
identified by Brisson and Pearce.

                                                  
29 According to Brisson and Pearce, 1998 there are no evidence to suggest that hazardous
waste sites attract greater depreciation than conventional landfill sites. Further, the incin-
erator disamenity values are nested by the disamenity values of landfills. This suggests that
the results of the regression analysis are applicable as an estimate of landfill disamenity
costs.
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Table 5.22 Valuation results from CV studies.

Study Method Valuation

Landfill in Knox County,
Tennessee, USA by Roberts
et al. [1991]

CV asking 150 respondents their WTP
for landfill to be located elsewhere

$260 average WTP per household per year for up to
4 miles from landfill

Siting a hazardous waste
disposal site in Boston, USA
by Smith et al. [1986]

CV survey asking 609 households to
choose between two homes that have
identical physical characteristics except
for the distance to a landfill

$420-$630 average consumer surplus per year per
mile from landfill

Landfill siting in Rhode
Island, USA
by Opaluch et al. [1993]

CV based on the comparisons between
two possible sites in order to indicate the
factors affecting public decision making

Ground and surface water quality are found to be the
most important factors

Source: Brisson and Pearce (1995).
Note: All prices are 1992 US$. Values have been converted using US GNP deflator.

Brisson and Pearce assess that the Roberts et al study is the most relevant for
estimation of disamenity costs of landfills. The study results showed an average
annual household willingness to pay equal to $260 per year for not having a
landfill site within a radius of 4 miles from residence.

The study showed that there was a positive relationship between household in-
come and WTP, i.e. richer (poorer) respondents had higher (lower) WTP.  It
also showed that WTP decreases, as the respondents are located further away
from the landfill site. It is important to note that the study included health im-
pact, e.g. the questionnaire informed respondents about the impacts of a landfill
site including the risk of leachate leaking into water. Hence, strictly speaking
the prices reflected in this study include valuation of more externalities than
merely the deteriorations in taste, odour, appearance, or visibility (disamenity)
of living near a landfill site.

Brisson and Pearce conclude that the hedonic studies appear consistent with the
CVM studies. An adjusted average value of $250 per year WTP from CVM
studies is consistent with a present value of some $2350 depreciation of an
$80,000 house at a 10% discount rate and a time horizon of 30 years.  $2350 is
3% depreciation per household per mile, which compares with 3.8% per house-
hold per mile from the estimated WTP function under hedonic property pricing
approaches.

5.4.4 Other Studies
A number of other studies have touched upon the issue of landfill disamenities.
However, either the studies have not produced values for disamenities or the
results are not relevant for this study.

For example, the study Evaluating impacts from Noxious Facilities: Includ-
ing Public Preferences in Current Siting Mechanisms (Opaluch et al (1993))
covers the issue of disamenities from landfills. The focus however, is noxious
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or toxic landfills rather than conventional, which changes the situation. The
study uses a modified contingent valuation method to deduct the price indi-
viduals would need to be compensated with in order to accept a landfill site
near their residence. It focuses on analysing public preferences regarding trade-
offs among environmental amenities, but it also includes health impacts, which
strictly speaking are not disamenities. Therefore the results are not relevant for
this study.

Externalities from Landfill and Incineration (CSERGE et al (1993)) deals
with the issue of landfill externalities.. The CSERGE study states that estimates
should be derived using either CV or hedonic pricing approaches, but due to
resource limitations the techniques were not used in the study. CSERGE et al
considered using US figures (some of which have been presented above), but
rejected the alternative due to problems of benefits transfer. To quote the study:

"We conclude that, at the moment, it is not possible to cite any disamenity cost
figure for either landfill or incinerator sites in the UK. The use of US figures, if
justified, would suggest WTP estimates of, say, £160 per household per year
(1993 prices) for landfill sites, but we have no real justification for using these
figures, even as broad zero order estimates. Moreover, no studies of incinera-
tor site disamenity have been found. It is arguable that the valuations would be
similar, but we have no evidence for this."

Hence, no estimates for landfill disamenity costs were used in the study.

5.4.5 Summary and Proposals for Further Research
Three studies containing valuation results for disamenity associated with land-
filling of waste were presented above. To our knowledge Garrod and Willis,
1998 and an ExternE study30 are the  only studies undertaken in a European
context, which explicitly focuses on estimating the costs of disamenity associ-
ated with landfills. The Brisson and Pearce, 1995 study summarises and re-
views the result of disamenity effect studies in the US. Based on the review
Brisson and Pearce derive a best estimate for the costs of disamenity.

Unfortunately, the best estimates from the three studies are not presented in a
form that allow for explicit comparisons.

The Garrod and Willis study bases valuation on a stated preference approach. It
concludes that the marginal willingness to pay to reduce the number of days
suffering from dust and windblown litter from the landfill is around 14-17
pence per day. Further the marginal willingness to pay to reduce the number of
days when the landfill can be smelt from their home is around 9-14 pence per
day. Respondents are unwilling to pay for any improvements, regarding the
current level of disamenity negligible, while the minority is willing to pay a
relatively small amount.

                                                  
30 ExternE Externalities of Energy, Vol 9. The evaluation of disamenities of waste disposal
site
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Brisson and Pearce base the best estimate on a regression analysis of the results
from the reviewed studies, which all base valuations on hedonic pricing or con-
tingent valuation. The regression analysis suggests a willingness to pay equal to
a maximum decline in house prices of 12.8% occurring at the site of the waste
disposal facility and that the effect on house prices will have fallen to zero at a
distance of 3.4 miles from the facility.

The ExternE project aimed at estimating the total disamenity costs in an area in
Northern Italy. It presents an estimate, which is very case-specific but also an
estimate that apply to a more general context. It concludes that on average
house prices in the affected area were sold for 2.8% less reflecting the willing
to pay for the disamenity.

It is not possible to compare the best estimate without making a number of as-
sumptions. For example, one needs to assume the number of days that the sur-
rounding dwellings are affected by windblown litter and dust and smell from
the landfill, the average house price, the number of dwellings affected and the
distribution of the dwellings. All in all, the many and vital assumptions make it
very difficult to compare to study results. In fact, it is not justifiable to verify
the study results by mutual comparisons.

The results of the Brisson and Pearce study are considered relevant for valuing
the disamenity costs of landfills, but some caution is called for because of the
geographical origin of the studies. The Garrod and Willis study also contains
relevant results, but the study is based on limited data and investigates only
disamenities for well-established landfill at a very specific site in the UK. It is
the impression that none of the valuation results presented above are solid
enough to be adopted as a robust estimate for disamenity cost for landfilling.
However, if it is necessary to use an estimate for the costs of disamenity from
landfills, it is recommended to use the results of both studies depending on the
situation at hand.

As already indicated above, there is plenty of room for improvement for valua-
tion of landfill disamenities. First of all, the existing studies are generally quite
old (from 5-20 years). Public preferences change over time and it is likely that
people's concern for the environment has increased over the last decades.
Therefore, it is essential that new studies investigating peoples preference with
respect to environmental disamenities are undertaken.

Secondly, there is a huge deficiency of studies undertaken in a European con-
text, while US studies are well represented. Differences in WTP for environ-
mental attributes are known to exist across countries. Moreover, it is not known
if the valuations relevant to US sites are applicable to European sites and there-
fore there is a practical problem of benefits transfer. In addition, the public in
some countries appears to be more accepting of incinerators than in other
countries – which might reflect differences in disamenities or perceived health
risks.

More European WTP studies of landfill disamenities are needed. Appropriate
procedures for carrying out the valuation include hedonic pricing and contin-



A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

131

 

gent valuation. However when commissioning such studies, the potential for
benefits transfer should be given serious thought. The values obtained from he-
donic property price studies and contingent valuation studies are generally val-
ues for a composite of attributes. Therefore the values cannot subsequently be
disaggregated to allow for transfer to another study site which might have a dif-
ferent combination of attributes. In addition, the values thus obtained often en-
compass other attributes than just disamenities, such as e.g. health effects.
Valuation studies which allow estimation of values for individual attributes,
e.g. visual intrusion, wind-blown litter, odour, etc., would appear to offer
greater potential for transfer of estimates between study sites. Stated preference
techniques which offer this possibility, including e.g. choice experiments, con-
tingent ranking and contingent rating, have been developed within the fields of
market research and transport economics, and have in recent years also been
adopted by environmental economists. A pilot project estimating the disamen-
ity effects from a landfill (using choice experiments) has been conducted by
Garrod & Willis (1998) as reported above.
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6 Examples of Externality Cost Calculations:
Data Sources and Underlying
Assumptions

6.1 Introduction
In this appendix, a more detailed description of the underlying assumptions and
background emission and valuation data for the example calculations is pre-
sented.

Three examples for incineration and two for landfills have been designed to
reflect different technologies of incinerator plants and landfill sites across
Europe:

• I1. The incineration plant fulfils the proposed directive on incineration of
waste (Common Position (2000/C 25/02)). Energy recovered will generate
electricity and heat (CHP), which normally implies a high recovery per-
centage. This percentage is assumed to be 83%.

• I2. The incineration plant fulfils the existing directive on incineration of
waste (89/369/EEC). Energy recovered will generate electricity only,
which normally implies a lower recovery percentage. This percentage is
assumed to be 25%.

• I3. The incineration plant does not fulfil the existing directive. The flue
gas cleaning technology is an electrostatic precipitator. There is no energy
recovery.

• L1. The landfill is a modern containment landfill that fulfils the demands
of the newest directive (EC/31/1999). The landfill has a leachate collection
and treatment system. Further, the landfill gas is collected to generate
electricity and heat (CHP).

• L2. The landfill is an old site without leachate management and landfill
gas is not collected.
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6.2 Emission Data from Incineration
Assumptions and emission data used for incineration are separated into the
following subsections:

• air emissions (Section 1.1.1)

• energy recovery and displaced emissions (Section 1.1.2)

• emissions of leachate from solid waste residues (Section 1.1.3).

Emissions of wastewater from incineration plants using wet scrubber processes
to remove acid gases from the flue gas are not considered.

Sludge produced during wastewater treatment is included as a solid waste resi-
due that can lead to emissions of leachate (see Section 1.1.3).

6.2.1 Air Emissions
Emissions to air for I1 and I2 are assumed to be the same as the emission limit
values specified in the proposed directive (Common Position (2000/C 25/02))
and existing incineration directive (89/369/EEC) respectively. Since the level
of air emissions depends on the flue gas cleaning equipment used, it is not pos-
sible to give average emission figures. It is therefore assumed that emissions
are the limits given in the directives, although there is evidence to suggest that
emissions from the most modern plants are less than the limits in the proposed
directive. To calculate emission factors it is assumed that 5000 Nm3 flue gas is
produced per tonne of waste incinerated (White et al, 1995).

Emissions to air for I3 are assumed similar to untreated flue gas, except for
emissions of particulates. Values for raw flue gas are taken from typical values
given in Dalager (1998), however, it should be noted that variations between
incineration plants can be considerable, depending on the specific conditions at
the plant. For particulates, it is assumed that the electrostatic precipitator re-
moves about 98%, reducing the concentration of particulates to the existing
emission limits. Although electrostatic precipitators also remove contaminants
that are bound to particulates including heavy metals, except Hg, and dioxins,
raw flue gas concentrations are used as a maximum limit. Removal efficiencies
depend on e.g. the partitioning between the gas and solid phase, and the frac-
tion of fine particulates that are removed by the electrostatic precipitator.

The amount of CO2 emitted is considered the same in all three examples, de-
pending only on the carbon content of the MSW. It is assumed that MSW con-
tains approximately 30% carbon (Marxen et al, 1998), and that all carbon is
converted to CO2. In addition, it is assumed that the fraction of carbon based on
non-renewable resources and contributing to global warming is approximately
16%31.

                                                  
31 The fraction of carbon from non-renewable resources depends on the waste composition
and is a best estimate based on a data on waste composition.



A Study on the Economic Valuation of Environmental Externalities from Landfill Disposal and Incineration of Waste

C:\TEMP\001030finalappendix.doc

137

 

Table 6.1 Emission factors for emissions to air from incineration (values are
given in grams/tonne of MSW).

g/tonne I1 I2 I3 Notes and assumptions

CO2 194,000 194,000 194,000 MSW contains 33% carbon; 16% based on

non-renewable resources

Total dust 50 150 150 Assumed to be particulates (PM10)

CO 250 500 500

SO2 250 1,500 1,500

NO2 1,000 1,750 1,750 NOx assumed to be NO2

HCl 50 250 3,000

HF 5 10 25

Cd + Tl 0.25 - 9 Assume emitted in ratio 1:1

Hg 0.25 - 1.5

Cd + Hg - 1 - Assume emitted in ratio 1:1

Other heavy

metals

2.5 30 150 For I1 and I3: Sum of Class III heavy metals,
i.e. Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Sn. As-
sumed emitted in equal fractions.
For I2: Sum of Pb, Cr, Cu, and Mn is 5
mg/Nm3; and Ni + As is 1 mg/Nm3.

Dioxins 0.0000005 0.000015 0.000015

VOCs (TOC) 50 100 100

6.2.2 Energy Recovery and Displaced Emissions
Energy is recovered from the combustion of waste for examples I1 and I2; no
energy is recovered for I3 (see Table 6.2). For I1, recovered energy is used to
generate electricity and heat (combined heat and power plant), and for I2 re-
covered energy is used to generate electricity only.

Both I1 and I2 are considered to be relatively modern incineration plants with
respect to energy efficiency. Where energy is recovered, the lower heat value
(LHV) depends on the composition of MSW, and is higher where waste con-
tains high levels of paper and plastic (generally Northern Europe) and lower
where there are high levels of wet organic waste (Southern Europe) (White et
al, 1995). For I1 and I2 high and low estimates are found by varying the value
of LHV, assumed to be about 9 MJ/kg MSW on average.
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Table 6.2 Energy recovery from incineration of 1 tonne of MSW (given in
kWh/tonne).

kWh/tonne I1 I2 I3 LHV (MJ/kg)

Best estimate 2,075 625 0 9

Low estimate 1,614 486 0 7

High estimate 2,536 764 0 11

Notes

1 MW is equivalent to 3.6 GJ/h (Marxen et al, 1998)

For I1, an overall energy efficiency of around 83% is assumed (20% from electricity after taking into

account own consumption, plus 63% from heat) (Clement, pers. comm.).

For I2, an overall energy efficiency of around 25% is assumed (including own consumption) (Clement,

pers. comm.).

Energy recovered from the incineration of MSW is considered to displace
emissions that would otherwise have occurred by generating energy via con-
ventional energy sources. The conventional energy source is assumed to be coal
(marginal source), and the displaced emissions considered are the emissions to
air shown in Table 6.3 and Table 6.4 below. The differences in best, low and
high estimates reflect differences in technology. Best estimates reflect an as-
sumed weighted average of the different technologies. Other emissions to air
including dioxins and heavy metals are not considered, and neither are the
emissions from wastewater or leachate from the solid waste residues generated
at coal-fired power plants.

Table 6.3 Displaced emissions to air from coal-fired power plants (given in
g/kWh).

g/kWh Best Low High

CO2 850                 760                 880

CH4                  2.8                  2.5                  2.9

N2O                0.20                0.06                0.50

Particulates                0.10                0.03                0.16

SO2                1.05                1.00                1.10

NOx                1.10                0.50                2.20

Notes

Source: ExternE: Externalities of Energy, vol. 3  (1995)

Coal fuel emissions are calculated for coal from the Nottinghamshire and Yorkshire coal fields in the UK
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Table 6.4 Displaced emissions to air from coal-fired district heating (given in
g/kWh).

g/kWh Best

CO2 342

CH4 0.054

N2O 0.0108

Particulates *) 0.01

SO2 2.1

NOx 0.72

Source: Danish Energy Agency.

*) Note: Emissions of particulates are those of the power plant in Table 6.3.

Table 6.5 Displaced emissions to air from oil-fired power plants (given in g/kWh).

g/kWh Best

CO2 608

CH4 0.0227

Particulates 0.012

SO2 0.798

NOx 0.798

Source: ExternE: Externalities of Energy, vol. 4  (1995)

Note: Emissions are related to the operation of the plant only.

Table 6.6 Displaced emissions to air from oil-fired district heating (given in
g/kWh).

g/kWh Best

CO2 266

CH4 0.0108

N2O 0.0072

Particulates 0.012

SO2 1.78

NOx 0.54

Source: Danish Energy Agency.

*) Note: Emissions of particulates are those of the power plant in Table 6.5.

Displaced emission factors to air from conventional energy generation (coal)
are found by combining the energy recovered and displaced emissions to obtain
displaced emissions per tonne of MSW incinerated (see Table 6.7). In example
I1 the emission factors are based on an assumption that the same amount of
electricity as in scenario I2 is generated, while the remaining kWh recovered
generate heat.
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Table 6.7 Displaced emission factors to air from coal due to energy recovery from
incineration of 1 tonne of MSW (given in g/tonne MSW incinerated).

I1 I2g/tonne

Best Low High Best Low High

I3

CO2 1,027,150 755,144 1,278,322 531,250 369,444 672,222 -

CH4 1,828 1,276 2,311 1,750 1,215 2,215 -

N2O 141 41 401 125 29 382 -

Particulates 208 127 299 63 15 122 -

SO2 3,701 2,854 4,562 656 486 840 -

NOx 1,732 1,055 2,957 688 243 1,681 -

Notes

Calculated as best*best=best, low*low=low etc. in Table 6.2 and Table 6.3 above (NB only best values

for Table 6.4.

6.2.3 Emissions of Leachate from Solid Waste Residues
Estimating emission factors of leachate to soil and water requires making nu-
merous assumptions regarding the types and amounts of solid waste residues
produced, as well as the quantity and quality of leachate generated.

The amount and type of toxic residues produced depends on the flue gas
cleaning processes used. Table 6.8 shows solid waste residues typically pro-
duced from the incineration of MSW, including bottom ash (or slag) and more
toxic residues from flue gas cleaning processes. Considering the uncertainties
in the amount produced, the amounts in Table 6.8 could be used in all three ex-
amples. Although about 10-20% of the bottom ash is recoverable metal (Hjel-
mar, 1998), this is not taken into account and the metal is assumed to be part of
the bottom ash.

Table 6.8 Types and amounts of solid waste residues typically produced at incin-
eration plants (all amounts are given in kg/tonne MSW incinerated).

kg/tonne Best Low High Notes

Bottom ash (slag) 300 250* 400* Assumed to include any boiler ash (2-12

kg/tonne) and economiser ash, gypsum

etc. produced (small quantities)

Flyash + residues 30 15 40

    - wet process 11* 33* Of which 1-3 kg is the dry weight of

sludge and 10-30 kg is flyash

    - dry process 20* 50*

    - semidry process 15* 40*

*High and low estimates are from sources in Hjelmar (1998)

Leachate quality varies over time and understanding of the long-term behaviour
of landfills containing residues is still limited. Data over time from actual land-
fill sites is not readily available and most data is from lysimeter tests. The
variation in leachate quality over 25 years from a landfill containing bottom ash
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and about 15% flyash (w/w) is shown in Table 6.9. Values for leachate from
flue gas cleaning residues is shown in Table 6.10.

Table 6.9 Variation in leachate composition over 25 years from a landfill con-
taining approx. 10,000 tonnes bottom ash including about 15% flyash
(w/w) (all amounts are given in mg/l of leachate, except pH and con-
ductivity).

Average values Variation 1973-1992mg/l

Best 1973/74 Best 1991/92 Best 1997 Low High

pH 8.8-10.1 8.9-10.2 9.3 8.7 10.5

Conductivity

(mS/m)

3,100 1,900 800 1,400 3,900

BOD5 - 2 5 <2 26

Inorganic macrocomponents:

Sulphate 3,100 6,100 2,600 2,000 7,200

Chloride 9,300 3,300 540 2,400 11,400

NH3-N 39 3.9 1.2 2.6 87

K 3,900 800 430 600 4,300

Ca 670 58 42 32 1,000

Fe 0.21 0.055 0.07 <0.01 0.76

Na 5,600 3,600 1,700 2,800 7,300

Heavy metals:

Cr 0.03 <0.002 0.006 <0.001 0.08

Cu 0.013 0.018 0.66 <0.0005 0.21

Cd <0.003 <0.0002 0.0009 <0.0001 0.001

Hg 0.00008 0.0004 <0.00005 <0.00005 0.003

Pb 0.0013 0.007 0.048 <0.0005 0.04

Zn 0.05 0.09 0.49 <0.01 0.59

As 0.014 0.01 0.0036 0.005 0.025

Source: Hjelmar (1998)
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Table 6.10 Values for leachate composition from flue gas cleaning residues (all
amounts are given in mg/l of leachate).

mg/l Low High

pH 6.6 10.9

Suspended solids 87 1,500

Conductivity (mS/m) 780 17,000

COD

TOC

Inorganic macrocomponents:

Sulphate 160 1,900

Chloride 2,300 110,000

K 65 35,000

Ca 250 45,000

Fe 0.03 3

Heavy metals:

Cr 0.003 0.98

Cu 0.0006 0.53

Cd 0.005 7.3

Hg <0.0005 0.0029

Ni <0.01 0.15

Pb 0.04 1,600

Zn <0.01 7.6

Source: Hjelmar (1998)

Notes:

Best estimates are typical values from flue gas cleaning residues (Hjelmar, 1998). Low and high

estimates are taken from ranges given for dry and semidry residues, and wet residues including

flyash (from sources in Hjelmar, 1998).

Estimating emission factors in grams of pollutant per tonne of MSW inciner-
ated requires making assumptions about the amount and types of solid residues
produced (Table 6.8), and the pollutant concentration in the leachate, which
varies over time (Table 6.9 and Table 6.10). In addition, the quantity of
leachate generated and released into the environment (soil and groundwater sur-
rounding the landfill site) for the different types of solid waste residues needs to
be estimated. For example, if it is assumed that all residual solid waste is dis-
posed of to a modern containment landfill for hazardous waste, no emissions to
the soil and water may occur. No references relating to externalities from land-
fill and incineration or otherwise have been found during the course of this
study that estimate emission factors of leachate from solid waste residues from
incineration. For example, the Tellus Institute (1992) do not consider leachate
from residues to be important compared to air emissions from incineration
plants.

On the other hand, considering the overall environmental impact of disposing
of solid waste residues from incineration, other emissions may be significant. In
particular, where flue gas cleaning residues are stabilised/treated prior to dis-
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posal to landfill, associated impacts include energy and chemical consumption
as well as emissions to surface water of treated wastewater.

6.3 Emission Data from Landfill
Assumptions and emission data used for incineration are separated into the
following subsections:

• air emissions (Section 6.3.1)

• energy recovery and displaced emissions (Section 6.3.2)

• emissions of leachate to soil and water (Section 6.3.3).

6.3.1 Air Emissions
Emissions to air from landfill are assumed to come from landfill gas (LFG).
Fugitive emissions of airborne dust from landfill activities during the opera-
tional stage of the landfill are not considered here.

Estimates of the emissions to air of landfill gas and emissions resulting from
using the gas to recover energy are given in Table 6.11.

Table 6.11 Air emissions from landfilling, including landfill gas and flare/engine
exhaust (all amounts are given in mg/N m3 of LFG).

mg/N m3 Flare/engine exhaust Landfill gas

CH4 - 392,860

CO2 1,964,290 883,930

CO 800 13

H2S 0.033 200

HCl 12 65

HF 0.021 13

HC 60 2000

Chlorinated HC 10 35

Dioxins 0.0000008 -

PM10 4.3 -

NOx 100 -

SOx 25 -

Cd 0.0000094 0.0056

Cr 0.0000011 0.00066

Pb 0.0000085 0.0051

Hg 0.000000069 0.000041

Zn 0.00013 0.072

Source: From White et al (1995)

To calculate emission factors shown in Table 6.12 below it is assumed that an
average of 150 Nm3 LFG is produced per tonne of MSW landfilled (White et
al, 1995). The low and high estimates above are obtained using the range of
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LFG produced at MSW landfills, which is 100 to 200 Nm3 LFG/tonne MSW
landfilled (Carra and Cossu, 1990). It is further assumed for example L1 that
40% of the landfill gas produced is collected and used to recover energy. The
remaining 60% escapes to the atmosphere over the lifetime of the landfill.

For emissions contributing to climate effects, it is assumed that all emissions of
CO2 and CH4 originate from biogenic carbon. An amount of CO2, equivalent to
that which would have been emitted had the organic waste biodegraded under
aerobic conditions (instead of under anaerobic conditions in the landfill), is
therefore subtracted.

Table 6.12 Values for air emission factors from landfills (in g or mg/tonne MSW
landfilled).

 Low Estimate Best Estimate High Estimate

g/tonne L1 L2 L1 L2 L1 L2

CH4 23,572 39,286 35,357 58,929 47,143 78,572

CO2 -64,822 -108,037 -97,233 -162,055 -129,644 -216,073

CO 33 1 49 2 66 3

H2S 12 20 18 30 24 40

HCl 4 7 7 10 9 13

HF 1 1 1 2 2 3

HC 122 200 184 300 245 400

Cl HC 3 4 4 5 5 7

PM10 0.2 - 0.3 - 0.3 -

NOx 4 - 6 - 8 -

SOx 1 - 2 - 2 -

mg/tonne

Dioxins 0.00003 - 0.00005 - 0.00006 -

Cd 0.3 0.6 0.5 0.8 0.7 1.1

Cr 0.04 0.07 0.06 0.1 0.08 0.1

Pb 0.3 0.5 0.5 0.8 0.6 1.0

Hg 0.003 0.004 0.004 0.01 0.005 0.01

Zn 4.3 7.2 6.5 11 8.7 14

The low and high estimates above are obtained using the range of LFG produced at MSW landfills, which

is 100-200 Nm3 LFG/tonne MSW landfilled (Carra and Cossu, 1990)

6.3.2 Energy Recovery and Displaced Emissions
Energy is recovered from landfill gas for example L1 and used to generate
electricity and heat (combined heat and power plant). Landfill gas is not col-
lected for L2.

A collection efficiency of 40% is assumed and the amount of landfill gas pro-
duced is assumed to range from 100-200 Nm3, just as for air emissions in the
previous section. The calorific value of landfill gas depends on the proportion
of methane, and is higher where MSW contains high levels of organic waste. A
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range of 15 to 21 MJ/Nm3 is used (DoE, 1989). High and low estimates are
found by varying both the calorific value and the amount of landfill gas pro-
duced (see Table 6.13 below).

Table 6.13 Energy recovery from landfilling 1 tonne of MSW (given in kWh/tonne).

kWh/tonne L1  Calorific value of LFG

 (MJ/Nm3)

LFG produced (Nm3)

Best estimate 120 18 150

Low estimate 67 15 100

High estimate 187 21 200

Notes

1 MW is equivalent to 3.6 GJ/h (Marxen et al, 1998)

Estimates are calculated as best*best=best, low*low=low etc. for calorific value and LFG produced

An overall energy efficiency of around 40% is assumed (of which 60% is from electricity and 40% from

heat, including own consumption) (Hummelshøj, pers. comm.).

Energy recovered from landfill gas is considered to displace emissions that
would otherwise have occurred by generating energy via conventional energy
sources, just as for incineration (cf. Section 1.1.2 above). The conventional en-
ergy source is assumed to be coal (marginal source), and the displaced emis-
sions considered are the emissions to air shown in Table 6.3 and Table 6.4.

Displaced emission factors to air from conventional energy generation (coal)
are found by combining the energy recovered from landfill gas and displaced
emissions to obtain displaced emissions per tonne of MSW landfilled (see
Table 6.14).

Table 6.14 Displaced emission factors to air from coal due to energy recovery from
landfilling 1 tonne of MSW (given in g/tonne MSW landfilled).

L1g/tonne

Best Low High

L2

CO2 59,401 31,194 94,089 -

CH4 106 53 170 -

N2O 8 2 30 -

Particulates 12 5 22 -

SO2 214 118 336 -

NOx 100 44 218 -

Notes

Calculated as best*best=best, low*low=low etc. in Table 6.13 and Error! Reference source not found.

above.
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6.3.3 Emissions of Leachate to Soil and Water
The amount of leachate generated depends mainly on the net infiltration in the
area (precipitation minus evapotranspiration), the presence and properties of the
landfill cover, as well as the original moisture content of the MSW landfilled.
Therefore, leachate generation is site specific. White et al (1995) used a fic-
tional site in Germany with an average rainfall of 750 mm/yr and assumed that
100 mm/yr would infiltrate into an average landfill site. Assuming that the
landfill site is 20 m high and that the MSW has a density of 1 tonne/m3, 5 l of
leachate would be produced per tonne of MSW landfilled. Over a period of 30
years, the total amount of leachate produced would be 150 l/tonne MSW land-
filled. Based on these assumptions, the total amount of leachate generated is
thus 150 l/tonne of MSW for L1 and L2.

For example L2, the amount of leachate released into the environment is equal
to the amount of leachate generated. However, for L1, the presence of a
leachate collection system is assumed to mean that no leachate is emitted to the
soil and groundwater.

A substantial difficulty complicating the estimation of emission factors of
leachate is the timing of the emissions. Not only does an assumption have to
made regarding the period of time over which leachate is generated (here as-
sumed to be 30 years), and the effectiveness of the liner, but leachate quality
varies over time. General understanding of the long-term behaviour of landfills
is still limited. Only restricted amounts of data is available from investigations
of entire landfills over longer periods of time, with most research focusing on
the active landfilling stage. The variation in leachate quality typically observed
at MSW landfills is shown in Table 6.15 and Table 6.16. The range of values
reflect both the difference over time between leachate generated just after clo-
sure and 20-30 years after closure, and the difference between landfill sites at a
given time.
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Table 6.15 Typical ranges in observed leachate composition from MSW landfills
(all values in mg/l leachate, except pH and conductivity).

mg/l Low High

Conductivity (µS/cm) 2,500 35,000

SS 200 60,000

Organic substances:

TOC 30 29,000

BI5 20 57,000

COD 140 152,000

Organic N 14 2,500

Inorganic macrocomponents:

Total P 0.1 23

Chloride 150 4,500

Sulphate 8 7,750

Hydrogen carbonate 610 7,320

Sodium 70 7,700

Potassium 50 3,700

NH4-N 50 2,200

Calcium 10 7,200

Magnesium 30 15,000

Iron 3 5,500

Manganese 0.03 1,400

Silicate 4 70

Heavy metals:

As 0.01 1

Cd 0.0001 0.4

Cr 0.02 1.5

Co 0.005 1.5

Cu 0.005 10

Pb 0.001 5

Hg 0.00005 0.16

Ni 0.015 13

Zn 0.03 1,000

Notes

Ranges are based on observed data from international literature for MSW landfills (from

Christensen et al, 1994)
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Table 6.16 Typical ranges for the most frequently observed specific organic com-
pounds in leachate from MSW landfills (all values in mg/l leachate).

mg/l Low High

Aromatic Hydrocarbons:

Benzene 1 1,630

Toluene 1 12,300

Xylene 4 3,500

Ethylbenzene 1 1,280

Trimethylbenzene 4 250

Naphthalene 0.1 260

Diethylphthalate 10 660

Di-n-butylphthalate 5 15

Butyl-benzyl-phthalate 5.1 8

Chlorinated Hydrocarbons:

Chlorobenzene 0.1 110

1,2-Dichlorobenzene 0.1 32

1,4-Dichlorobenzene 0.1 16

1,1-Dichloroethane 0.6 46

1,2-Dichloroethane <6

1,1,1-Trichloroethane 0.1 3,810

trans-1,2-Dichloroethylene 1.6 88

cis-1,2-Dichloroethylene 1.4 470

Trichloroethylene 0.7 750

Tetrachloroethylene 0.1 250

Methyl chloride 1 64

Chloroform 1 70

Carbon tetrachloride 4 9

Phenols:

Phenol 1 1,200

Ethyl phenols <300

Creosols 1 2,100

Pesticides:

MCCP 2 90

2,4-D 1 5

Other:

Acetone 6 4,400

Tetrahydrofuran 9 430

Methylethylketone 110 6,600

Tri-n-butylphosphate 1.2 360

Triethylphosphate 15

Camphor Identified

Fenchone 20 34

Notes

2,4-D = 2,4-Dichlorophenoxyacetic acid

MCCP = 2-(2-methyl-4-chlorophenoxy) propionic acid

Above ranges based on observations at 17 sites (from Christensen et al, 1994)
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Estimating emission factors in grams of pollutant per tonne of MSW landfilled
requires making assumptions about the quantity of leachate released into the
environment, and the pollutant concentration in the leachate. Table 6.17 and
Table 6.18 show emission factors of leachate assuming 150 l leachate are re-
leased per tonne of MSW over a period of 30 years (see above), and based on
the leachate concentrations given in Table 6.15 and Table 6.16. The average
leachate concentrations used to determine best estimates for emission factors
represent averages over 20-30 years, the period of time for which data is avail-
able from landfill sites, and give an indication of the order of magnitude of the
emissions.

Table 6.17 Emission factors for leachate from MSW landfills (all factors in g/tonne
MSW landfilled).

Best estimate* Low estimate High estimateg/tonne

L1 L2 L2 L2

Organic substances:

TOC - 2,177 5 4,350

BOD - 4,277 3 8,550

COD - 11,411 21 22,800

Organic N - 189 2 375

Inorganic macrocomponents:

Total P - 2 0.02 3

Chloride - 349 23 675

Sulphate - 582 1 1,163

Hydrogen carbonate - 595 92 1,098

Sodium - 583 11 1,155

Potassium - 281 8 555

NH4-N - 169 8 330

Calcium - 541 2 1,080

Magnesium - 1,127 5 2,250

Iron - 413 0.5 825

Manganese - 105 0.005 210

Silicate - 6 1 11

Heavy metals:

As - 0.1 0.002 0.2

Cd - 0.03 0.00002 0.1

Cr - 0.1 0.003 0.2

Co - 0.1 0.001 0.2

Cu - 1 0.001 2

Pb - 0.4 0.0002 1

Hg - 0.01 0.00001 0.02

Ni - 1 0.002 2

Zn - 75 0.005 150

Notes

Emission factors are based on ranges given in Table 6.16 above

*Best estimates are calculated as the arithmetic mean of the high and low estimates
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Table 6.18 Emission factors for specific organic compounds in leachate from MSW
landfills (all factors in g/tonne MSW landfilled).

Best estimate* Low estimate High estimateg/tonne

L1 L2 L2 L2

Aromatic Hydrocarbons:

Benzene - 122 0.2 245

Toluene - 923 0.2 1,845

Xylene - 263 1 525

Ethylbenzene - 96 0.2 192

Trimethylbenzene - 19 1 38

Naphthalene - 20 0.02 39

Diethylphthalate 50 2 99

Di-n-butylphthalate - 2 1 2

Butyl-benzyl-phthalate - 1 1 1

Chloromatic Hydrocarbons:

Chlorobenzene - 8 0.02 17

1,2-Dichlorobenzene - 2 0.02 5

1,4-Dichlorobenzene - 1 0.02 2

1,1-Dichloroethane - 3 0.1 7

1,2-Dichloroethane - 1 0.9 1

1,1,1-Trichloroethane - 286 0.02 572

trans-1,2-Dichloroeth-

ylene

- 7 0.2 13

cis-1,2-Dichloroethylene - 35 0.2 71

Trichloroethylene - 56 0.1 113

Tetrachloroethylene - 19 0.02 38

Methyl chloride - 5 0.2 10

Chloroform - 5 0.2 11

Carbon tetrachloride - 1 1 1

Phenols:

Phenol - 90 0.2 180

Ethyl phenols - 45 45 45

Creosols - 158 0.2 315

Pesticides:

MCCP - 7 0.3 14

2,4-D - 0.5 0.2 1

Other:

Acetone - 330 1 660

Tetrahydrofuran - 33 1 65

Methylethylketone - 503 17 990

Tri-n-butylphosphate - 27 0.2 54

Triethylphosphate - 2 2 2

Camphor - Identified

Fenchone - 4 3 5

Notes

Emission factors are based on ranges given in Table 6.16 above

*Best estimates are calculated as the arithmetic mean of the high and low estimates
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6.4 Valuation Data
All valuation estimates used in the examples are based on valuation data pre-
sented in this report. Hence, all estimates used are a result of benefits transfer
of existing estimates.

The benefits transfers undertaken include an evaluation of the quality of the
existing studies and comparative analysis of the study cases and the situation at
hand. The approach used for the transferring of benefits is a combination of
"average benefit" and "adjusted average benefit". Average values from case
studies are applied to the examples either directly or adjusted. The adjustments
are based on judged differences between the case studies and the situation at
hand to take account of any biases that are believed to exist.

Although willingness to pay is likely to vary across Europe, reflecting differ-
ences in relative income levels and differences in preferences for environmental
quality, the benefit transfer has not included cross-country adjustments.

For disamenity, the discount rate used is 6% p.a. and the time horizon for the
valuation estimates is 50 years. Since discounting entails that the more distant
in time costs occur, the less they are valued today, costs beyond this date in
time are likely to be insignificant (using a discount rate of 6%, the present value
after 50 years will be less than 5% of the future value).

In the benefits transfer, price estimates have generally been projected by 4%
p.a. and transferred using today's exchange rates.

Specific assumptions and valuation data are separated into the following sub-
sections:

• Air emissions

• Emissions to soil and water

• Disamenity

6.4.1 Air Emissions
Air emissions valued include CO2, CH4, particulates, SO2, NOx, VOC, CO, As,
Cd, Cr, Ni, dioxins and N2O.

All valuation estimates for these emissions are based on dose-response esti-
mates from the following studies:

1 Rabl, A., J. V. Spadaro and P. D. McGavran (1998): Health Risks of Air
Pollution from Incinerators: A Perspective

2 EC (1996e) Economic Evaluation of the Draft Incineration Directive
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3 EC (1996d) Cost-Benefit Analysis of the Different Municipal Solid Waste
Management Systems: Objectives and Instruments for the Year 2000

4 CSERGE et al (1993) Externalities from Landfill and Incineration

The first three studies are all based on ExternE estimates of conventional pol-
lutants. Studies 2 and 3 include both health and environmental effects whereas
study 1 only includes health effects. Therefore, the highest priority has been
given to studies 2 and 3 in the benefits transfer.

Table 6.19 Valuation estimates of air emissions (EURO per kg emission).

Emission type Best esti-
mate

Low esti-
mate

High esti-
mate

Estimate based
on

Relevant
for I/L 1)

CO2  0.004  0.003  0.005 Study 3 and 4 I & L
CH4  0.150  0.070  0.303 Study 3 and 4 L
N2O 1.5 1.5 1.5

Particulates  24  12.5  32.6 Study 1,2  and 3 I & L
SO2  9  4.1  13 Study 1,2  and 3 I & L
NOx  16  3.29  21.455 Study 1,2  and 3 I & L
VOC  1.5  0.757  2.96 Study 1 and 2 I
CO  0.005  0.002  0.009 Study 1 and 3 I & L

As  600  162  1.168 Study 1 and 2 I
Cd  50  20 95 Study 1 and 2 I
Cr  500  133  958 Study 1 and 2 I
Ni  10  3  20. Study 1 and 2 I
Dioxins 10,000,0000 2,339,717 17,630,080 Study 1 and 2 I & L

Note: 1) The value is used for emissions from I: Incineration, L: Landfill disposal.

The variations in the estimates for the pollutants from the 4 studies are gener-
ally not significant. The variations are reflected in low and high estimates for
the emissions.

The same values are applied for emissions from incineration and landfill dis-
posal. For dioxins, particulates, SO2, NOx, and CO this may underestimate the
costs of the emissions from landfill disposal. However, these emissions appear
only in example L2 where landfill gas is flared and the emissions are very
small.

6.4.2 Emissions to Soil and Water
As explained in Section 5.2, it has not been possible to trace any studies that
value emissions to soil and water using a dose-response approach or another
approach founded in economic welfare theory. Only the study "Miljøkostnader
knyttet til ulike typer avfall" presents values for specific leachate emissions.
However, these estimates are all based on the questionable approach of linked
environmental values.
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Therefore, an aggregated estimate of leachate is used in the calculations. The
estimate is based on valuation estimates from the two studies:

1 CSERGE et al (1993) Externalities from Landfill and Incineration

2 Miranda & Hale (1997): Waste not, want not: the private and social costs
of waste-to-energy production

Study 1 is based on a cleanup cost approach while study 2 is based on a mar-
ginal damage cost approach. Leachate in study 2 is assumed to consist of As,
Cd, Cr, Cu, Ni, Pb, and Hg. The variation between the study results is small,
despite the fact that the two studies use very different methodologies to derive
the estimates.

If no measures are taken to prevent leachate from seeping into the ground pos-
sible hitting groundwater the damage will be greater that if measures is taken.
This has to be reflected in the damage estimates for the two examples. In both
studies, the estimates have been based on the assumption that some landfills are
lined while others are unlined. Therefore, the estimates represent average val-
ues for all landfills.

It is assumed that the lined landfills capture all leachate in the liner. However,
as a sensitivity case it is assumed that a small amount of leachate escapes. The
unlined landfills allow even more leachate to escape. One arrives at the fol-
lowing pragmatic and uncertain estimates:

Table 6.20 Valuation estimates of emissions to soil and water (EURO per tonne
waste landfilled).

Leachate Best estimate Low estimate High estimate Estimate based
on

L1 0.00 0.00 1.01 Study 1 and 2
L2 1.52 1.01 2.03 Study 1 and 2

Considerable uncertainty is associated with the estimates.

Incineration
Two types of liquid effluents from incineration are potentially associated with
external costs: disposal of solid residues, which may contribute to the formation
of leachate and wastewater from the incinerator, which contains contaminated
liquids/sludges that will be released to the sewer.

The latter is not included in the example calculations. It is assumed that the
sewage treatment plants will charge the waste treatment companies for the
wastewater that they release to treatment taking account at least partly of the
environmental quality of the wastewater.
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Only very few studies contain valuation results for leachate from disposal of
solid residues from incineration and no study exists, which bases valuation on a
damage cost approach. For lack of better approaches the pragmatic approach
undertaken in the study "Economic Evaluation of the Draft Incineration Direc-
tive" is adopted. In this study it is assumed that the costs of disposing 1 tonne
of solid residues from incineration will be equivalent to the costs of disposing 1
tonne of MSW on a conventional landfill. Therefore, the same estimate of
leachate cost for incineration as for landfills is used corrected for the fact that
app. 30% of waste incinerated is disposed as solid residues on contaminated
sites. The estimate is associated with very high uncertainty.

6.4.3 Disamenity
The disamenity estimate used in the calculations is based on results from the
study "Literature Survey of Hedonic Property Prices Studies of Landfill
Disamenities". The study summarises and reviews the result of disamenity ef-
fect studies in the US and derives a best estimate for the costs of disamenity.

While a number of studies of landfill disamenity effects have been carried out
only few studies that investigate disamenity effects associated with incineration
have been undertaken. Although there are differences in the types of "aesthetic
attributes" and disamenities associated with living close to an incinerator and
close to a landfill the valuations of disamenity from landfill sites and from in-
cinerators may be fairly similar. Further, no valuation data distinguishing be-
tween the two types waste management facilities have been found. It is there-
fore assumed that the disamenities are equivalent. The assumption is also based
on the fact that Brisson and Pearce show that disamenity values for an incin-
erator are nested by those for landfill sites.

Disamenity is a fixed externality that does not vary with the amount of waste.
Numerical results of the estimated WTP function are shown below.

Table 6.21  Numerical results of the estimated WTP function.

Distance from the site House Price Reduction in %
0 12.8%
1 9.0%
2 5.2%
3 1.4%

3.4 0%
Source: Brisson and Pearce (1998).

The regression analysis suggests a maximum decline in house prices of 12.8%
occurring at the site of the waste disposal facility and that the effect on house
prices will have fallen to zero at a distance of 3.4 miles from the facility.
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The percentage change in house price (HP) is determined by:

∆HP = 12.8% - 3.76% * D

where D is the distance (in miles) from a house to the waste facility.

To convert the formula to an overall annual disamenity value for a waste facil-
ity site several assumptions must be made. Firstly, the overall values can be
converted to annual values by assuming that 8% of the total reduction is equal
to an annual value (should reflect the average annual write off of the overall
reduction in the real estate price). Secondly, it is assumed that the density near
the landfill sites is 80 houses per square miles, which is equal to 7,263 houses
within 3.4 miles from a disposal site. The density near the incinerator plants is
assumed at 120 houses per square miles. Thirdly, a uniform distribution of
houses around the waste facility is assumed. Finally, it is assumed that the av-
erage house price is 100,000 EURO. Under these assumptions, the overall
disamenity value can be calculated to 2.5 mil EURO. However, this result is
highly sensitive to changes in the assumptions. Calculations with variations in
the assumptions are presented in the table below.

Table 6.22 Total disamenity values under different assumptions of house densities
and average house prices.

Houses per square mile Average house price Total disamenity value
80 100,000 2,001,026
80 50,000 1,000,513
80 200,000 4,002,052
40 50,000 500,257

160 200,000 8,004,104

High and low costs per site have been estimated from simple variations in the
Brisson and Pearce's estimated WTP function.

Table 6.23 Valuation estimates of disamenity (EURO per site).

Type Best estimate Low estimate High estimate Estimate based
on

Disamenity costs
Landfills 1,000,513 563,889 1,924,734

Disamenity costs
Incinerators 1,500,770 845,849 2,887,101

Brisson and
Pearce, 1998 and
various assump-
tions

Disamenity arises because of the mere existence of the landfill site and in real-
ity it is not greatly affected by the amount of waste processed at the site per
day. Therefore, disamenity is fixed. However, to make the disamenity costs
comparable to the other externality costs they are translated into costs per tonne
waste disposed.
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So far, in general considerably more waste has been processed at incinerators
compared to the amount of waste processed per landfill (see Appendix VII).
However, there is a tendency that landfills across Europe are getting larger and
in time, the amount of waste processed at the two types of plants will probably
balance. In the examples of externality cost calculations, it is assumed that the
landfills receive 200 tonnes waste per day in 50 years, 50 weeks a year, 5 days
a week (equal to 100,000 tonne per year). Incinerators receive 400 tonnes waste
per day (equal to 200,000 tonne per year).

Table 6.24 Valuation estimates of disamenity (EURO per tonne of waste disposed).

Type Best estimate Low estimate High estimate Estimate based
on

Disamenity costs
Landfills 10,01 5,64 19,25

Disamenity costs
Incinerators 7,50 4,23 14,44

Brisson and
Pearce, 1998 and
various assump-
tions

It should be stressed that the valuation estimate is highly uncertain. It is based
on US and not European valuation studies and no income elasticity adjustments
have been made. Further, no solid evidence is available showing that disamen-
ity from landfills and incinerators are equivalent. Finally, it has been calculated
based on several pragmatic assumptions such as the number of households af-
fected, the distribution of households affected, the average house price, and the
average period between house sales.
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7 Generic Data on Landfills and Incineration
Plants

There is currently no European system for gathering information on waste that
would enable reliable and comparable statistics to be compiled. A major diffi-
culty is the different definitions of waste types, including municipal solid
waste, that are used in different countries. Work is continually being carried out
to harmonise definitions and methodologies in the EU, including statistics on
waste in the EU, however, much work remains to be done. For example, EC
(1997b) concluded that no Member State is currently able to provide all the
statistics required by the EC. Where data is available, difficulties exist in com-
paring information between Member States due to differences in definitions,
sources of data, and methods of data collection and compilation. Even within
Member States, comparing data for different years is difficult due to changes in
methodologies used.

The information provided in the following sections should therefore be treated
as best estimates, and comparisons between countries should be carried out
with caution. Available data given for incineration plants and landfill sites indi-
cates the number, capacity and quality of the waste facilities by country.

7.1 Incineration
Number and capacity The number of incineration plants and amount of MSW incinerated varies

considerably between European countries (see Table 7.1 below). The differ-
ences reflect, among other things, national waste management policies. For ex-
ample, Greece and Ireland have no incineration plants whereas in Denmark,
where it is against the law to landfill combustible waste, about half of all MSW
is incinerated (DEPA, 1997). The amount of waste incinerated in the Accession
countries is generally low: Estonia, Poland, and Slovenia have no incineration
plants, and Hungary and Slovakia incinerated a relatively small amount of
waste compared to the amount landfilled (cf. Table 7.3 below).

Energy recovery Table 7.1 shows that where waste is incinerated, most countries have started
recovering energy from waste. However, the extent of energy recovery varies
between countries and, according to sources in EEA (1998), there is a signifi-
cant variation in the overall energy recovered, which mainly reflects the form
of energy recovery i.e. heat or electricity or both. Combined heat and power
plants that recover both heat and electricity are the most energy efficient.
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Table 7.1 Information on both the number of incineration plants and the amount
of waste incinerated (capacity), with and without energy recovery.

Number of Incineration plants* Waste incinerated** (1,000 tonnes/yr)Country

Total
Number

With energy
recovery

Without
energy
recovery

R
ef % of MSW

generated
Total
amount
inciner-
ated

With en-
ergy re-
covery

Without
energy
recovery

R
ef

Energy
recovery
(TJ/1000
tonnes)
***

Austria 3 3 - 2a 9% 491 491 - 1a 5

Belgium 14 10 4 2a 10% 1,386 1,059 327 1b

Denmark 31 31 - 2a 54% 1,602 1,602 - 1c 8

Finland NA NA NA 2a 2% 50 50 - 1d

France 296 116 180 3 30% 10,352 7,652 2,700 1e 1

Germany 138 NA NA 2b 21% 8,552 NA NA 1f 4

Greece 0 - - 2a 0% 0 - - 1

Ireland 0 - - 2a 0% 0 - - 1

Italy 40 26 14 2c 7% 1,747 NA NA 1c 4

Luxembourg NA 1 NA 2a 60% 116 116 - 1c

Netherlands NA 11 NA 2a 31% 2,732 2,732 - 1g 2

Portugal NA NA NA 2a <1% 5 NA NA 2b

Spain 18 5 13 2a 5% 705 77 628 1g 6

Sweden 21 NA NA 2a 41% 1,300 1,300 - 1d 10

UK NA NA NA 2a 6% 2,125 NA NA 2a 1

Bulgaria NA NA NA 1h

Czech Rep. NA NA NA 1

Estonia 0% 0 - - 1c

Hungary 7% 330 330 - 1c

Lithuania NA NA NA 1

Latvia NA NA NA 1

Poland 0% 0 - - 1

Romania NA NA NA 1

Slovenia 0 - - 1

Slovakia 11% 180 95 85 1c

*MSW and non-hazardous waste combined
**From EEA (1998) - TJ estimated to nearest whole number
NA = not available
References (Ref):
1) From ETC/W (2000). Data is from the following years:

a) 1996; Includes 60,000 t from material collected for recycling
b) 1996; Sum of Brussels, Flemish and Walloon regions
c) 1997
d) 1994
e) 1995
f) 1996

2) EC (1997b). Data is from the following years:
a) 1995
b) 1993
c) 1994

3) From ADEME (1999)
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Quality Quality is defined as relating to the amount of energy recovered i.e. the form of
energy recovery, as well as the flue gas cleaning technologies used. In addition,
the age of the plant can give an indication of quality, with the most recently
commissioned plants having the most modern technology, although older plants
can be upgraded to meet the newest standards. Reliable and up-to-date infor-
mation on the quality of incineration plants is difficult to obtain. Data on the
types of flue gas cleaning systems used in 1996 in different countries in Europe
is given in Table 7.2 below. In this study efforts were concentrated on obtaining
data from three countries. Only information from Austria and Denmark was
obtained and is shown in Table 7.3 below.

Austria has 3 incineration plants that all recover energy, built in 1963, 1971 and
1995. Flue gas cleaning technologies used at the plants other than electrostatic
precipitation, are acid gas scrubber process (wet), dioxin removal and NOx re-
moval. All three plants meet the proposed emission limits to air (Common Po-
sition (2000/C 25/02), and the actual emissions are generally well under these
limits.

Denmark has a total of 31 incineration plants, that all recover energy. Informa-
tion regarding 22 of the 31 plants is shown in Table 7.3. The majority of plants
recover energy as heat (used for district heating), however, since 1992 only
combined heat and power plants have been built. A substantial number of the
kilns or oven lines at the incineration plants in Denmark were built in the 1990s
(4 kilns were established in the 1960s, 4 in the 1970s, 21 in the1980s, and 21 in
the 1990s). Flue gas cleaning technologies used at all plants other than electro-
static precipitation is the acid gas scrubber process, both wet and semi-dry, with
a smaller percentage using the dry process. The other flue gas cleaning technol-
ogy used is dioxin removal, used at 5 of the plants.

Table 7.2 Flue gas cleaning systems in 1996 in percent of the number of plants
(from which information was obtained).

Country Wet Dry Semidry Dust only Other only

Austria 100% 0% 0% 0% 0%

Denmark 47% 32% 15% 6% 0%

England 0% 17% 17% 67% 0%

France 25% 12% 16% 29% 18%

Germany 64% 8% 28% 0% 0%

Holland 100% 0% 0% 0% 0%

Italy 67% 27% 0% 7% 0%

Spain 0% 0% 33% 50% 17%

Sweden 14% 43% 0% 19% 24%

Hungary 0% 0% 0% 100% 0%

Source: ISWA (1997)
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Table 7.3 Additional information on the quality of incineration plants in Austria
and Denmark.

France Austria Denmark

Number of
plants and
% of total

Capacity (1,000
tonnes/yr) and
% of total

Number of
plants and
% of total

Capacity (1,000
tonnes/yr) and
% of total

Number of
kilns* (plants)
and % of total

Capacity (1,000
tonnes/yr)**
and % of total

Without energy recovery 180 61% 2,000 25% 0 - 0 - 0 - 0 -

With energy recovery 116 39% 8,000 75% 3 100% 499 100% 50
(22)

100% 1,997 100%

- heat 2,056 26% 1 33% 187 38% 28 56% 1,241 62%

- electricity 978 12% 1 33% 76 15% 0 - 0 -

- heat and electricity 5,637 70% 1 33% 236 47% 22 44% 756 38%

With precipitator 3 100% 499 100% 50
(22)

100% 1,997 100%

With scrubber process 6,192 62% 3 100% 499 100% 50
(22)

100% 1,997 100%

- wet 3 100% 499 100% 23 46% 908 45%

- dry 0 - 0 - 11 22% 187 10%

- semidry 0 - 0 - 16 32% 902 45%

Other technology 653 7% 3 100% 499 100% 5 10% 409 20%

- dioxins (+HM) 653 7% 3 100% 499 100% 5 10% 409 20%

- NOx (SCNR, SCR) 3 100% 499 100% 0 - 0 -

*Typically two or more kilns/furnaces or oven lines are located at the same plant.

'**Assuming plants operate an average of 19 hr/d

Sources:

Data for France is from Jean-Louis Bergey, ADEME.

Data for Austria is from 1999 from Domenig Manfred, Federal Environment Agency, Austria.

Data for Denmark is from a survey in which 22 out of 31 incineration plants responded carried out on

behalf of the Danish EPA in 1999 (DEPA, 2000).

7.2 Landfill
Number and capacity The number of landfill sites and amount of MSW disposed of to landfill varies

considerably between European countries (see Table 7.4). The differences
mainly reflect the amount of waste generated in each country. The remaining
capacity at licensed landfills compared to the amount of waste landfilled also
differs between countries and indicates that there is a continuous need, urgent
in certain countries, to establish new sites or reduce the amount of waste going
to landfill.

Quality Information on the quality of landfill sites is difficult to obtain. However,
whether the site possesses a license from the authorities gives an indication of
the quality of the sites. As illustrated in Table 7.4, most of the landfills in the
EU are licensed, although there are also numerous unlicensed landfills in
Europe. According to sources in EEA (1998), about 3,450 unlicensed landfills
have been reported in Germany, Greece (3,430 sites), Portugal, and Spain, and
a further 10,000 sites are found in Italy, France and Spain. Waste is also land-
filled at unlicensed sites in the Accession countries (see Table 7.4 below).
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Additional information on the quality of landfill sites in Table 7.4 is an estima-
tion of the percent of licensed sites that have a liner. No details regarding the
type of liner are available. More than 90 % of licensed sites in Austria, Bel-
gium, Portugal and Sweden are lined.

Quality in Austria The Federal Environment Agency carried out a study in 1995/1996 on MSW
landfills in Austria, which was the result of an investigation of current landfill
technology, management of landfills including aftercare period, and some site-
specific geological features. About three quarters (45 landfill sites) of the 61
sites (1997) had active gas collection systems, four had passive systems, 12 had
no system (four of these 12 landfill sites were planning an active gas collection
system in 1997). Some large landfills used gas turbines or motors, or were able
to clean the landfill gas in a way that it could be used otherwise (external use):

• use of landfill gas for electricity/heat (1997): 20 landfills

• use of landfill gas for flaring (1997): 29 landfills

• landfill gas not collected (1997): 12 landfills

According to the report "Umweltbericht Abfall", edited by "Österreichisches
Bundesinstitut für Gesundheitswesen" in Vienna (1989), the number of closed
"waste dumps on or in the earth" from statements by the Austrian counties in
autumn 1988 was between 3,865 to 4,467 sites. Since then and up to today
about 300 MSW "waste dumps" or landfill sites have been closed. There are
currently (in the year 2000) about 55 specially engineered landfills in operation
(above information provided by Domenig Manfred, Federal Environment
Agency (Umweltbundesamt), Austria.).

Quality in Denmark More detailed information on the quality of landfill sites has been found for
Denmark. As is probably the case in most other Member States, information on
the quality of landfill sites in Denmark is not found centrally but rather the re-
sponsibility of the regional authorities (county or 'amt'). Information from 34
landfill sites currently in operation revealed that 4 did not have a liner, 10 had a
synthetic liner, 11 had a clay liner, and 9 had a composite (synthetic and clay)
liner (DEPA, 2000).

With respect to landfill gas, Kjeldsen et al (1998) report that in 1998 landfill
gas was collected and used to recover energy at 18 landfill sites in Denmark.
Where landfill gas is collected, there is a significant variation in the overall en-
ergy recovered due to differences in gas production rates and the energy content
of the gas. Where landfill gas is collected, the form of energy recovery differs:
3 sites produce heat, 6 produce electricity, and 9 are combined heat and power
plants. Combined heat and power plants that recover both heat and electricity
are the most efficient.
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Table 7.4 Information on both the number of landfills and the amount of waste
landfilled (capacity), with and without site licenses.

Landfill sites* Waste landfilled (1,000 tonnes
MSW/yr)

Remaining capac-
ity at licensed sites

Country

Number Licensed Not li-
censed

Ref

Sites with
liner (% of
licensed
sites)**

Total Licensed Not li-
censed

Ref 1,000
tonnes

Ref

Austria 61 61 - 4 >90% 2,576 2,576 - 1a 25,000 3a

Belgium 59 59 - 2a >90% 1,396 1,396 - 1b 18,358 3a

Denmark 172 172 - 2a 70-90% 343 343 - 1c 37,600 3a

Finland NA NA NA 2 70-90% 1,258 NA NA 1d 116,154 3a

France 3,657 547 3,110 2b 40-70% 9,593 9,593 NA 1e 20,883 3b

Germany 3,563 3,554 9 2b 40-70% 27,840 27,840 NA 1d 567,000 3c

Greece NA NA NA 2 2,995 1,745 1,250 1f 2,971 3b

Ireland 118 118 - 2c <40% 982 NA NA 1g 16,015 3a

Italy 1,255 1,255 - 2d 21,262 NA NA 1c 33,681 3b

Luxembourg 2 2 - 2a 77 77 - 1c 90 3a

Netherlands 53 53 - 2a 40-70% 1,693 1,693 - 1a 78,000 3a

Portugal 13 13 - 2a >90% 3,610 NA NA 1d 821 3b

Spain 176 176 - 2a 11,657 9,889 1,768 1a 9,989 3a

Sweden 274 274 - 2a >90% 1,200 NA NA 1d 98,000 3a

United Kingdom NA NA NA 2 40-70% 31,500 31,500 0 2 222,700 3a

Bulgaria 3,084 2,749 865 1c

Czech Republic NA NA NA 1

Estonia 592 182 410 1c

Hungary 4,470 NA NA 1c

Lithuania NA NA NA 1

Latvia 311 - 311 1c

Poland 11,813 NA NA 1c

Romania 4,357 - 4,357 1c

Slovenia 1,139 1,139 - 1h

Slovakia 1,310 1,240 70 1a

*MSW and non-hazardous waste combined
**Licensed sites with liners and leachate collection systems. Source: EEA (1998).
NA = not available

References (Ref):
1) From ETC/W (2000). Data is from the following years:

a) 1996
b) 1996; Sum of Brussels, Flemish and Walloon; Excluding
residues from incineration.
c) 1997
d) 1994
e) 1995
f) 1990
g) 1995; Household waste only
h) 1995; Amount of MSW collected by public services (exclud-
ing inert waste) minus export

2) EC (1997b). Data is from the following years:
a) 1995
b) 1993
c) 1995; Sites for hazardous and/or non-haz. waste
d) 1991

3) From ETC/W (2000). Data is from the following sources:
a) ETC/W inquiry by questionnaire, March 1998
b) OECD Environmental Data Compendium, 1997
c) German NFP 071298, comments to the draft of waste
chapter in SOE98.

4) For 1996, from Domenig Manfred, Federal Environment Agency
(Umweltbundesamt), Austria.
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8 Terms of Reference for the Study
EUROPEAN COMMISSION
DIRECTORATE-GENERAL XI
ENVIRONMENT, NUCLEAR SAFETY AND CIVIL PROTECTION
Directorate B - Environmental instruments
XI.B.2 – Economic analyses and employment

Brussels, 5 November 1999
D(99)

Subject: TOR for a study on the economic valuation of environ-
mental externalities from landfill and incineration of waste

Background
Art. 174 (3) of the EU Treaty stipulates that ”in preparing its policy on the en-
vironment, the Community shall take account of [… ] the potential benefits and
costs of action or lack of action; [… ]”. On this basis, the Commission has in
recent years more and more developed the tool of cost-benefit analysis to better
inform decision-makers in the process of settling on new directives and regula-
tions.
However, most studies in the field of waste have been restricted to an analysis
of costs and, at best, a relatively superficial description of benefits. This is
partly related to the difficulties in evaluating pollution pathways, in particular
through soil and water, eventually ending up in living organisms. In other
cases, we do not have the information required to define a dose-response func-
tion on specific substances or the value that society puts on the absence of spe-
cific risks or disamenities. Nevertheless, the policy maker is called to make de-
cisions on the basis of the full range of advantages and disadvantages of a par-
ticular policy.

Objective
The aim of this study is to get a better overview of environmental externalities
that need to be taken into account in evaluating different waste management
policies and how they can be integrated into cost-benefit analysis.
In the context of initiatives for the prevention, re-use and recycling of waste,
one of the main benefits is usually the avoidance of landfilling or incinerating
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this material. There is relatively much information available on emissions from
industrial processes including recycling activities. Equally, economic evalua-
tion techniques are relatively advanced in particular for air pollution effects.
There is, however, little knowledge on external effects from landfills and, to a
lesser extent, the incineration of waste. The study shall therefore focus on such
effects, in particular on soil and water and the subsequent pollution pathways to
ecosystems and the food chain. Finally, it shall give a critical review of avail-
able information on the economic evaluation of all other externalities from
landfills and incinerators. It shall also propose ways to include disamenity ef-
fects on the surrounding area of landfills and waste incinerators into cost-
benefit analysis.
The result should be a sort of a handbook presenting and critically evaluating
all available information elements to value the external effects from landfills
and incinerators. The information shall be presented in a generic way that al-
lows an easy transfer of the information for the purpose of future cost-benefit
analyses. It is not intended to give an overall comparison between landfilling
and incineration or any other waste management option.

Tasks
The focus of the study will be the economic evaluation of environmental im-
pacts (external costs and benefits) from landfill and incineration.
The study must:
- provide a comprehensive and critical literature review on existing studies
on economic evaluation of externalities from landfill and incineration;
- give as completely as possible an overview over the types of externalities
arising from landfill and incineration and their estimated dimensions. The study
shall track the pathways of environmental impacts originating from waste on
different receptors (ecosystems, crops, building materials, human health, etc.).
A particular focus shall be put on the question of bioaccumulative substances
(heavy metals, organic chlorine compounds, etc). Disamenity impacts shall be
included;
- describe the impacts on receptors on the basis of dose-response functions, as
far as they are known or can be calculated;
- quantify the main externalities according to typical scenarios for landfill
and incineration in terms of physical impacts and monetary values; the scenar-
ios shall take into account all relevant parameters significantly influencing the
results (e.g. types of waste treated, location of the installation etc.);
- establish generic data to allow calculations on a European basis such as
number, size and quality of existing landfills and incinerators in EU15 and the
accession countries;
- discuss the sensitivity of valuation parameters to national preferences with a
view to check the validity of benefit transfer.
- make proposals for further research with a view to permit a more complete
evaluation of landfill and incineration externalities;

Duration of the study
The expected duration of the study is 8 months.
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Deliverables

• Inception report, 1 month after the signature of the contract. The inception
report shall further specify the issues that will be explored and make pro-
posals on the details of scope and methodology concerning the above men-
tioned tasks. The report shall list the information sources/experts contacts
that will be used during the study. On the basis of the inception report, a
detailed work programme shall be agreed between the consultant and the
European Commission.

• Interim report, 3 months after the signature of the contract: this report will
give an overview of the information obtained so far. At this stage, the lit-
erature review shall be finalised. The main gaps on available information
shall be presented along with proposals how the study will create informa-
tion to fill these gaps.

• Draft final report, 6 months after the signature of the contract. This report
will give the results of the study as proposed by the consultants.

• Final report, 4 weeks after the receipt of comments by the Commission on
the draft final report. The consultant will provide ten copies and an elec-
tronic version of these reports. The electronic version of the executive
summary will be provided in both Pdf and Word format.

Costs:
The overall project costs have been estimated at around €60,000.


