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O EXECUTIVE SUMMARY

Recovered Fuel is a fuel of uniform quality that meets public user-oriented specifications. It
Is prepared from selected pre- and post-use, non-hazardous combustible waste in a dedi-
cated process applying a quality assurance system. (Definition given in THERMIE report
Fuel and Energy Recovery, DIS-1375-97-FI)

0.1 Introduction

Integrated Resource and Waste Management (IRWM), implemented in a spirit of shared
responsibility, is an important means to reach a sustainable society. The maximum benefit
should be extracted from primary natural resources and wastes that cannot be prevented.
Although there are on-going efforts to continuously improve efficiency within all industrial
sectors, the dependency on fossil fuels, especially on coal, is expected to prevail in mod-
ern society.

Despite successful prevention, waste will always be produced as a result of human activi-
ties. Waste is subject to detailed EU regulation setting binding targets for recovery, includ-
ing recycling. Inorganic waste materials like glass and metals can be recovered as material
in thermal processes. Organic combustible materials like wood, paper, board, plastics and
rubber can be recovered both as material and as a fuel to be used for the production of
heat and electricity.

The objective of this study is to evaluate the overall effects of different recovery options for
non-hazardous combustible waste on national welfare, by means of Cost-Benefit Analysis.
The study compares (a) dedicated incineration of mixed MSW with Energy Recovery and
(b) Fuel Recovery for substituting fossil fuel in a co-combustion process to (c) direct land-
fill. 1t is acknowledged that the Commission has contracted a separate study on re-use and
material recovery of packaging waste in the Union.

The present study is part of the project Waste to Recovered Fuel, which is co-funded by
the ENERGIE Programme of the 5th FP of the European Commission and by an industrial
consortium representing all stakeholders (contract NNE5-1999-533).

0.2 Cost-Benefit Analysis

Cost-Benefit Analysis (CBA) can be used for the assessment of sustainable integrated re-
source and waste management. In this study it is based on a dedicated computer model
developed by GUA, Austria. The system identification defines boundary limits for material
and energy balances. It includes all relevant waste management operations, as well as all
primary production processes, which may be utilised for recovery purposes. The functional
unit used in this CBA is Euro per person and year.

Internal costs are defined as fixed and variable direct costs related to the processes. Exter-
nal costs are defined as costs of all direct and indirect environmental and social impacts
related to the operation. Emissions are translated into monetary units by applying the prin-
ciple of averting costs. These are defined as (known) process costs, necessary to reduce
emissions to a specified level. The processes applied are those reducing the relevant emis-
sions most cost-efficiently.

Executive Summary Page 1
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The CBA calculation gives the total system costs, internal and external, of an analysed re-
covery scenario, including the avoided costs of the corresponding substituted primary pro-
duction processes.

The Cost-Benefit Balance (CBB), the difference in cost between the baseline scenario and
an analysed scenario, is the final result of CBA. A positive figure means an overall cost
benefit compared to the baseline scenario. Comparison of several CBBs advises on the
most economic solution.

0.3 Basic assumptions and scenarios

In this CBA the analysed scenario identifies the detailed input and output parameters of a
specific system. 45 separate data combinations are analysed in the study.

Fixed parameters are: number of citizens (500,000), number of households (200,000),
fraction of multi-family houses (50 %), fraction of single family houses (50 %), amount of
combustible waste from industry and trade (100 kg/person/year), size of MSW incinerator
(150,000 t/year), energy efficiency at co-combustion (same as for primary fuel), free ac-
cess to deliver electricity to the grid and sufficient solid fuel consumption to be substituted
by recovered fuel.

Variable parameters (low, medium, high) are: amount of MSW per person, share of bio-
waste, share of packaging waste, efficiency of separate collection, collection system used,
energy recovery efficiency at MSW incineration, cost level of labour and investments as
well as demand of district or process heat. These are combined to form three Model Re-
gions, basically representing the situation in South, Central and North Europe.

The Energy Recovery case assumes a modern MSW incineration plant equipped with dif-
ferent energy conversion systems where the energy produced substitutes energy from pri-
mary sources, i.e. coal (I-coal), fossil natural gas (I-gas) or a European mix of primary en-
ergy sources (I-mix). Electricity efficiency in condensing mode is 25 % based on the lower
heating value of input fuel. Overall energy efficiency for production of combined heat and
power (CHP) is 80 % (up to 100 % for a plant with flue gas condensation).

The Fuel Recovery case includes three basic processes for the production of recovered fuel
from selected non-hazardous combustible waste, i.e. low yield in the form of fluff (FP-1),
medium vyield in the form of soft pellets (FP-2) or high yield in the form of hard pellets (FP-
3). The storable fuel may be used in four different combustion technologies, i.e. Cement
Kiln (CK), Circulating Fluidised Bed (CFB), Pulverised Coal (PC) or in gasification with con-
sequent combustion of the gas in PC (gasPC). All operations are “state of the art” fulfilling
European legislation. Energy efficiencies are assumed to be unchanged for a reasonable
range of 5 — 30 % primary fuel substitution.

The Baseline Scenario is the reference that does not contain the studied fuel and energy
recovery processes. It is direct landfilling of all wastes not being recycled as in the analysed
recovery scenarios. The landfill operation fulfils the technical requirements of the Landfill
Directive and is equipped with energy recovery from landfill gas. The examination period of
landfilling is 10,000 years, since also long term effects are considered in the CBA.

Executive Summary Page 2
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The averting costs used for air- and water pollutants’ are evaluated by the Institute of Pub-
lic Finance and Infrastructure Policy at the Vienna University of Technology. They are de-
rived from the averting costs quoted in recent scientific literature. The costs applied for Hg
and Pb emissions are proportionate to the averting costs of Cd according to their toxicity
for humans.

0.4 Results

From the 45 analysed data combinations 5 principal scenarios are selected for presenta-
tion here. Data for the baseline, landfill and incineration scenarios as well as for primary
processes are derived from the GUA data bank. Data for the fuel recovery scenarios, low,
medium and high yield, are acquired from the operations of Essent Milieu VAM in the
Netherlands, Trienekens AG in Germany and Ewapower in Finland respectively.

The mass balances (figure 1) show the diversion of combustible waste from landfill. For the
scenarios involving incineration only process ashes are landfilled. The high yield fuel
preparation, combined with organic recovery of biowaste, and consequent landfilling of
rejects, meets the Landfill Directive targets.

Mass Balance

Note:
Fuel Rec. (high yield) +
v ecLafqt;gf;ill yed | Landfilling of rejects

Fuel Rec. (med. yield) + W////////////% no direct landfilling
Fuel Rec. (low Yield) + W////////////% no direct landfilling
'”Ci”e'a“‘g‘e"cvl“h Energy W///////////‘ no direct landfilling

Baseline W
\ ] \

0% 10% 20% 30%  40%  50% 60% 70% 80%  90% 100%

\

Material Recovery (incl. composting) B Fuel Recovery Oevap. moisture Olncineration O Landfill

Figure 1: Mass balances of selected scenarios.

The energy balances give the amounts of electricity and heat produced. The amount of
electricity varies significantly amongst the cases (figure 2).

L air pollutants: CO, i, CO; 50sss CH4, CO, SO,, HCI, NO,, NMVOC, Dust, CFC, Cd, Hg, Pb;
water pollutants: COD, NH,, Cd, Hg, Pb.

Executive Summary Page 3



April 01 |§lla| Waste to Recovered Fuel, CBA

Recovered End-Use Energy

CHP

FR

FR
(low yield), :(med. yield), : (high yield),
CFB
Landfill

cond. power

CHP I

CK,

cond. power [ ]

CHP | I

FR
FB,

C

Incineration | Incineration

cond. power |

CHP [

Incineration
with Energy
Recovery

cond. power |

Baseline l:|
00

0,

0,50 1,00 1,50 2,00 2,50 3,00 3,50
GJ / person, year

Oelectr. (LF-gas) Delectr. (MSWI) Helectr. (RF) Bheat (MSWI) Hheat (RF)

Figure 2: Production of end-use energy in selected scenarios

Regarding emissions of greenhouse gases (Global Warming Potential, GWP, figure 3) En-
ergy Recovery and Fuel Recovery save 50 - 300 kg CO, equivalents per person and year.
This corresponds to 20 - 50% of the total GWP of substituted primary production. In com-
parison with the baseline scenario, direct landfilling, as much as 250 - 500 kg CO, equiva-
lents can be saved. The main reduction of greenhouse gases results from the substitution
of fossil fuels (fossil CO, emissions) and from the diversion of biodegradable waste from
landfill (CH, emissions).

Global Warming Potential (GWP)
= [
T = CHP [ ]
T2 6% * |
2 7 4 cond. power [ ‘ |
= |
g 8 CcHP [
x> v 8 | ‘
Ls 02
2 'S cond. power []
s = T
T \
s 2 CHP [
x = g 5 CAUSED § SAVED
) ‘S cond. power :D
58z o E—
§g¢
553 |
S % & cond. power :[I
Baseline [ |
-300 -200 -100 0 100 200 300 400
kg CO2 equivalent / person, year
@ CO2 fossil (Factor 1) OCH4 (Factor 21)
Figure 3: Global warming potential for selected scenarios
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The final macro economic benefit (figure 4) is highly influenced by the total amount of en-
ergy produced. The model does not distinguish between the production of electricity and
heat. Most favourable is the substitution of coal. Condensing power (electricity only) from
dedicated MSW incineration, which substitutes electricity from fossil gas, does not give a
macro economic benefit.

CBB
FR (high yield), CFB, landf. (CHP)
FR (high yield), CFB, landf. (el.)
FR (med. yield), CK, Inc. (CHP)
FR (med. yield), CK, Inc. (el.)
FR (low yield), CFB, Inc. (CHP)
FR (low yield), CFB, Inc. (el.)

MSWI-gas, CHP |

MSWI-coal, CHP

MSWI-gas, cond.el.
MSWI-coal, cond.el.

-5 0 5 10 15 20 25 30 35
Euro / person, year

Figure 4: Cost-Benefit Balance of selected scenarios compared to landfill.

The study shows clearly that the internal costs of direct landfilling are lower than the inter-
nal costs of any recovery operation. However, when including external costs the results
change, and both Energy Recovery and Fuel Recovery show a benefit for the Society in the
order of 5 — 30 Euro per person and year. This is mainly due to averting costs for emissions
from landfill and to averting costs for fossil CO, emissions, saved through energy and fuel
recovery. 50 % of the combustibles in MSW is considered to be of biogenic origin.

The study shows even better results for high vield fuel preparation for co-combustion in
pulverised coal power plant. However, the economy of fuel pulverisation technology is not
yet proven for recovered fuels in general, so these results are not as valid as those for ce-
ment kiln and fluidised bed combustion.

Executive Summary Page 5
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0.5 Conclusions

The cost-benefit analysis undertaken concentrates on the management of residual waste
from households and commercial/industrial facilities after secondary materials have been
separated for eco-efficient recycling.

Averaged over all scenarios and regional conditions investigated (45 data sets), the annual
economic benefit that can be achieved for the national welfare is in the order of 15 - 40
Euro/person. The study shows that fuel and energy recovery can save 2 - 5 Gl/person (=
50 - 125 kg of oil equivalent). This corresponds to some 10 % of the solid fuel consump-
tion and to 2 - 4 % of total fossil fuel consumption in Europe. It is a significant contribution
to the Kyoto targets.

The main conclusions of the CBA are:

e All recovery scenarios show a significant reduction of greenhouse gas emissions, car-
bon dioxide and methane, compared to the baseline scenario, landfilling. The reduction
is proportionate to the diversion of combustible waste from landfill and yield of recov-
ered fuel.

« All the recovery options studied give an economic benefit to the Society, except the
one where electricity generated by waste incineration substitutes electricity generated
by a gas fired power plant.

« The more Recovered Fuel that can be diverted to energy production, the higher the
benefit. The fuel recovery options are generally a little better than the incineration op-
tions with energy recovery.

e Fuel recovery is especially well suited in sparsely populated regions where relatively
small decentralised fuel production plants can deliver recovered fuel to existing power
plants or plants for production of material products.

« For larger cities or regions with an existing incineration plant, a combination of fuel re-
covery combined with direct incineration with energy recovery seems to be a preferred
option.

Executive Summary Page 6
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0.6 Discussion

For practical reasons, the Cost-Benefit analysis is based on average available data proc-
essed by a dedicated computer model that builds on previous experience and work of
GUA.

A sensitivity analysis (figure 5) based on “medium assumptions” (averaged over all Model
Regions investigated) shows how the results of this CBB are influenced by variation of with
input parameters.

Sensitivities
40% -
- — 6—-averting cost
[
% 30% efficiency of MSWI
LLJ .
[as] 20% —@— capacity of MSWI
o — - - amount of combustibles
m 10% (comm./ind.)
8 generation rate (MSW)
S)
c 0%
o share of C biogenic
K
§ -10% — A--yield of recovered fuel
20% — -+ - -energy costs
'_
8 fuel preparation cost
O -30%
—X— personnel cost, investment cost
-40%
-40% -30% -20% -10% 0% 10% 20% 30% 40%
variation of parameters from medium assumption
Figure 5: Sensitivity of CBB

The significance of input parameters to the results can be grouped in the following order:

1. The (external) averting costs have the greatest influence on the results. They affect
landfilling the most, because of the long calculation period, 10,000 years, without dis-
counting. A calculation period of 100 years for landfilling roughly reduces the results by
one third, but does not change the overall conclusions or affect the internal ranking of
the analysed recovery scenarios.

2. The energy efficiency and size of the MSW incinerator. The influence of (direct) labour
and investment costs are also high. It is noted that Fuel Recovery in general is a de-
centralised option involving smaller units, more job opportunities and less investment
compared to dedicated MSW mass burn facilities.

3. The amount of waste and especially the amount of non-recyclable combustible waste.
This makes Fuel Recovery a favoured option in industrialised regions.

4. The share of biogenic carbon in combustible waste and the yield of recovered fuel have
a less significant influence on the results.

5. The (direct) costs of primary energy sources and of recovered fuel production affect
the results only to a minor degree.
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1 INTRODUCTION AND OBJECTIVE

Sustainable Development and Growth can be achieved in a concept of Integrated Resource
and Waste Management (IRWM) implemented in a spirit of shared responsibility. The effi-
ciency of primary production processes and the resulting products shall be continuously
improved. Waste shall be used as a resource as far as economically sensible. This is also
underlined as priorities in the European Waste Strategy — prevention, recovery and safe
final disposal.

Organic natural resources are used for energy and material products alike. Despite im-
provements of efficiency in all sectors, the dependency on fossil fuels, especially on coal,
will prevail in modern society. Waste management is developing rapidly in the direction of
segregation and separate treatment of waste fractions, e.g. bio-waste, combustible waste
and inert waste.

Inorganic waste materials like glass and metals can be recovered as material in thermal
processes. Organic materials like wood, paper, board, plastics and rubber can be recov-
ered as material or energy. Although the latter replaces primary fossil fuels in production
processes it is perceived to be a secondary ranked option - an opinion which is supported
by many limited Life Cycle Analyses.

The objective of this study is to evaluate the overall effects of different recovery options for
combustible waste on national welfare, by means of Cost-Benefit Analysis. The study is
limited to energy recovery and fuel recovery (supplemented by organic recovery) com-
pared to landfill disposal as illustrated in figure 1. It is part of the project Waste to Recov-
ered Fuel, which is co-funded by the 5th Framework Programme of the European Commis-
sion and an industrial consortium representing all stakeholders involved. It is acknowl-
edged that the Commission has contracted a separate study on re-use and material recov-
ery of packaging waste in the Union.

: | l
Ly Raw- v, | Semifinished |_v Finished Material ;
: materials “|  products “|  products recovery i
i 7'y !
Natural 'y Primary production processes ’ !
resources ;| A Health, Safety & Environment f { Re-use i
. I i -
> Fuel : Energy |~ —T~-—® Use —T ---------- - Emissions
! Co-incineration | :
! Fuel |, i :
. recovery |- ! l i
é Energy I:ncineration _ Organic :
; recovery o Discard recovery | > Compost
i v [ Candil |
: process 5
Inert Material
Figure 6: System boundaries for Integrated Resource and Waste Management
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2 THE METHOD OF COST-BENEFIT ANALYSIS

Cost-benefit analysis (CBA) represents a helpful tool in yielding clear results for complex
multi-faceted issues. It provides objective and reliable indicators which are comprehensive
and equitable. This provides an opportunity for consensus between all stakeholders in-
volved and for better legislation through better dialogue. Richard D. Morgenstern, a former
leading official of the EPA in Washington DC, once stated: “Economic analysis may be the
worst approach to environmental policy making except for all the others that have been
tried.”

The method of CBA is able to connect ecological aspects with business economy in com-
parable units. All relevant environmental externalities are transformed into monetary units
as far as possible. This considerably facilitates the calculation of an integrated result.

Effects that cannot be expressed in monetary units are at least described adequately with
respect to their relevance and are integrated beside the results of CBA into the final
weighing considerations of a decision making process.

The methodology of CBA applied to this study has been developed by two Austrian institu-
tions, the private consulting company GUA and the Institute of Public Finance and Infra-
structure Policy at the Vienna University of Technology. The cost-benefit analysis of GUA-
IFIP represents a coherent methodology which can purposefully be applied to various
problems in practice.

The realisation of the CBA applied to this study is divided into several steps.

identification of the system

¢ definition of model regions

» definition of scenarios

e calculation of the cost-benefit balance (CBB)
e presentation of results

e sensitivity analyses

* conclusions

The Method of Cost-Benefit Analysis Page 9
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3 SYSTEM IDENTIFICATION

The first step of cost-benefit analysis is a clear identification of the system to be investi-
gated.

The objective of CBA (as part of the project Waste to Recovered Fuel) is to identify the
macro economic role of fuel and energy recovery within the concept of integrated resource
and waste management. For the system identification this means that the particular outline
of an integrated resource and waste management system has to be described comprehen-
sively. Within IRWM, however, CBA concentrates on the investigation of the integrated
waste management system. According to the terminology of CBA the integrated waste
management system is also named the “analysed system”.

The system identification focuses on the processes which are part of the analysed system
(integrated waste management system). In addition, processes which are in interaction
with the analysed system are identified also. Such processes are so called “primary proc-
esses” and “substituted processes”. Primary processes and substituted processes, which
can be saved, are summarised in the system of substituted primary production.

Analysed System (ASy) ;ystem of sub_stituted
primary production (SPP)

primary /
processes

electricity, I process 1

energy carriers

primary
processes

waste

process 2

substituted
primary

production

process X

\\\ i /I .‘..“ l .-":
product . equivalent
(sec. materials, = primary product
\ energy)

integrated resource and
waste management system

Figure 7: System Identification
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3.1 Analysed System

The analysed system includes the production of recovered fuel from non-hazardous waste
from households, industry, and commerce as well as its application in co-combustion pro-
cesses. In addition, the system deals with recycling processes, MSW incineration, and
landfilling.

It is important to include all processes into the analysed system which are linked with
preparation and use of waste derived fuel. This is the prerequisite to carry out a meaningful
cost-benefit analysis.

As input materials into the analysed system serve MSW generated in households as well as
combustibles from commerce and industry presently disposed of in landfills.

Regarding MSW, the calculation model (which has been set up to carry out the cost-
benefit analysis) distinguishes between the separately collected fractions glass, metals,
bio-waste, paper, plastics, and the remaining MSW.

In case of separate collection, the fractions glass, metals, bio-waste, paper and plastics are
directed to material and organic recycling respectively. What kind of fractions are collected
separately in fact depends on the outline of the integrated waste management system ap-
plied (see chapter 4 below).

MSW, which is not directed to recycling, becomes part of residual MSW (grey waste). In
the calculation model there is a dynamic interaction considered to vary the share between
recycling on the one hand and treatment as residual MSW on the other hand.

Waste inputs from commerce and industry are restricted to fractions showing high heating
values (combustibles). Such fractions are residual commercial waste mainly made up of
paper and plastics and production specific industrial waste. These fractions mainly require
a lower level of preparation in order to be directed to co-combustion facilities.

System Identification Page 11
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Figure 8: Outline of the analysed system

Figure 8 provides an overview of the outline of the analysed system. A more detailed out-
line is given in the Appendix chapter 3.

Waste, that is entering the analysed system, is assigned to different processes. Besides
waste fractions which are sent to recycling (glass, paper, metals, bio-waste, plastics),
waste is either disposed of in landfill or is - according to the main focus of the study - di-
rected to fuel preparation and/or energy recovery.

The fuel preparation processes are supplied with mixed residual waste generated in
households or with comm./ind. waste dominated by combustibles. The fuel preparation
processes screen the wastes in order to separate combustibles from unwanted materials.

In practice, different technologies and process chains are applied for that. The most com-
mon process steps, however, are sorting (dump-and-pick recovery), shredding, sieving,
metal separation and air-classification. Residues leaving the fuel preparation process are
further treated and/or are disposed of in landfills.
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The following fuel preparation processes are included in the analysed system:

e FP1: production of solid recovered fuel in form of fluff/pellets

incineration
(organicIRes. w.)
I I
Fuel Preparation additional prep.
1 paper/platics process FP1-fuel
drum sieves, air (bales) (shredding or (flufi/pellets)

classifier, magnet pelletising)

mat.recycling

Figure 9: Material flows through fuel preparation process 1

e FP2: production of solid recovered fuel in form of soft pellets

incineration incineration

Fuel Preparation Fuel Preparation
2a | 2b FP2-fuel
drum sieve, air 1 crusher, air classifier, (soft pellets)

classifier, magnet magnet, pelletiser
2 metals mat.recycling
Figure 10: Material flows through fuel preparation process 2

e FP3: production of solid recovered fuel in form of hard pellets

Incineration

Fuel Preparation

h 3 g FP3-fuel
crusher, m'agnet, ' 'rum (hard pellets)
screen, air classifier,

drying drum, pelletiser

mat.recycling

Figure 11: Material flows through fuel preparation process 3
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In the calculation model recovered fuel is directed to one of four co-combustion proc-
esses:

e rotary kiln (used in the cement industry)
e circulated fluidised bed combustion
e pulverised coal combustion

e gasification and combustion in a pulverised coal combustion plant

In some cases the recovered fuel leaving the fuel preparation process requires additional
preparation before it can be forwarded to a co-combustion facility. The type of preparation
depends on both the prepared fuel and the co-combustion facility chosen.

Table 1: Additional preparation processes required
fuel preparation process co-combustion process
prepared fuel in cement kiln CEB PC-power plant gasification+PC-
form of power plant
shredding (fluff), shredding (fluff), | pelletising, storage,| shredding (fluff),
FP1 bales S
covered storage covered storage pulverization covered storage
FP2 soft pellets covered storage covered storage covered storage covered storage
FP3 hard pellets cqvered stora_ge, covered storage covered _sto_rage, covered storage
simple crushing pulverisation

The analysed system also includes waste incineration. The MSW incineration plant (MSWI)
acts, on the one hand, as alternative to fuel recovery, on the other hand, it is required to
ensure the final treatment of residues leaving the fuel preparation processes.

The waste incinerator as well as all other combustion facilities are modelled in accordance
with the state of the art. The composition of the flue gas leaving the incinera-
tion/combustion facilities meets the EU Directive on the Incineration and Co-incineration of
Waste.

The residues of the combustion processes (slag, ash) are finally disposed of in landfills. The
landfills applied in the calculation model are also in accordance with the state of the art
and meet the requirements stated in the EU Directive on the Landfill of Waste.

It is assumed that all processes investigated in the analysed system are working to full ca-
pacity. This is important regarding the economic analysis and the calculation of business
costs’ respectively.

2 Business costs are made up of annuities, operational costs and moderate profit. Annuities as well as fixed operational
costs arise independent of the annual throughput. Specific process costs (Euro/ton), thus, considerably decrease the more
waste can be treated.
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3.2 Primary Processes

The analysed system is in interaction with so called “primary processes”. Primary proc-
esses are processes which are needed before energy carriers can be used in general. Such
processes include mining, extraction, refining, and transport of energy carriers (such as
coal, heating oil, diesel) as well as the generation of electricity (as energy carrier).

Electricity is assumed to be generated by the processes which are forming the European
electricity mix (see Table 2 below).

Table 2: European electricity mix’
Energy Carrier Electricity

Hard coal 33%

Lignite 25%

Fuel oil 5%

Natural gas 21%

Nuclear power 13%

Hydro power 3%
Sum 100%

The energy carriers consumed in the analysed system basically cover the energy required
to operate the processes (e.g. diesel for vehicles, co-firing with natural gas in MSWI, elec-
tricity in preparation processes). In principle, the energy carriers in the analysed system are
not used as fuel in order to generate saleable energy. Regarding incineration/co-
combustion, thus, the energy produced in the analysed system only results from the incin-
eration/combustion of waste and waste recovered fuels respectively.

% Source: EUPROG (1997) UNIPEDE, "EUPROG 1997, Programmes and Prospects for the European Electricity Sector", Paris
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3.3 Link between the Analysed System and the System of Substituted
Primary Production

The materials and energy respectively, which are leaving the analysed system, are valued
by the materials and energy respectively whose production/generation can be saved in the
system of substituted primary production.

substitution factor
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Figure 12: Link between the analysed system and the system of substituted primary

production
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Secondary products leaving a recycling process replace primary products which would
have been produced conventionally. However, in some cases a so called “substitution
factor” needs to be considered to reflect the possibly lower quality of a secondary product
compared to the primary product®.

In terms of energy production there is no difference in quality between electricity/heat
generated alternatively (in the analysed system) and electricity/heat generated convention-
ally. In this case the substitution factor is one. The amount of energy produced in the ana-
lysed system substitutes exactly the same amount of energy produced in the system of
substituted primary production.

The following conventional processes are considered in order to value the energy gener-
ated by the combustion/incineration processes applied in the analysed system. Most of the
conventional processes are the same like in the analysed system. The only difference is
that they are powered by conventional fuels instead of recovered fuels. For the processes
in the analysed system, however, minor adaptations on the combustion facilities are re-
quired in order to guarantee appropriate handling of recovered fuels (special feeding sys-
tem, additional flue gas cleaning system, monitoring units, etc.).

Table 3: Corresponding combustion processes and fuels

combustion process, recovered fuel (RF) substituted process, conventional fuel

(analysed system)

MSW incinerator coal fired power plant; gas fired power plant;
European energy mix
RF used in a cement kiln (CK) energy mix used in a cement kiln.
RF used in fluidised bed combustion (CFB) coal used in fluidised bed combustion
RF used in pulverised coal combustion (PC) coal used in pulverised coal combustion

RF used in a gasification unit with the further coal used in pulverised coal combustion
use of the product gas in a pulverised coal
combustion plant (gasPC)

In terms of co-combustion in a cement kiln an energy mix is substituted. Table 4 provides
the average energy mix used in the cement kilns in the European Union as well as the mix
of conventional fuels which is substituted through the use of recovered fuel.

4 For instance, more secondary waste paper is required in order to produce new cardboard (of a defined stability) compared
to the production based on primary fibres. This means that 1 kg of waste paper fibres can only substitute less than 1 kg of
primary paper fibres (= 1kg x substitution factor (<1)).
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Table 4. Fuel mix used and substituted in a cement kiln
fuel-mix used in CK® substituted conventional
fuel-mix through RF
hard coal 33% 73%
lignite 7% 16%
heating oil 1% 9%
natural gas 1% 2%
petcoke® 43%
alternative fuel 12%
total 100% 100%

The amount of regular fuel that can be saved through the application of recovered fuels in
co-combustion facilities is determined by the heating value of both the regular and the re-
covered fuel. It is assumed that the efficiency of the co-combustion facility is not affected
by the type of fuel used.

The efficiency of the co-combustion process has no influence on the value of substitution
and on the final result of CBA consequently. The value of substitution is determined by the
saved costs and emissions linked with the use of regular fuel and not by the amount and
type of end-use energy produced.

Regarding the substitution of electricity/heat generated in MSWI, it can hardly be predicted
which type of conventional power plant will reduce its operation first and will be substi-
tuted by MSWI in fact. In order to consider this uncertainty most sufficiently three options
of substitution have been investigated.

® Source: CEM Bureau, Brussels

® petcoke is a by-product of the distillation of crude oil. The use of petcoke in a cement kiln is also a kind of recovery proc-
ess. Petcoke is not counted as conventional fossil fuel therefor.
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Table 5: Substituted processes through the operation of a MSW-incinerator

MSWe-incinerator

generates

substituted process

option 1

option 2

option 3

electricity only

PC power plant

(pure power: u = 43%)

gas fired power

plant
(pure power: p = 58%)

European elec-
tricity mix

heat and power

PC power plant

(co-generation of heat
and power: i = 90%)

gas fired power
plant

(co-generation of heat
and power: p = 90%)

European indus-
trial heat and
room heating mix

The three options cover the most relevant processes which are under discussion to be
substituted by MSWI.

In option 1 it is assumed that coal fired power plants providing the baseline of the energy
demand will reduce their operation first. This means that the energy generated by MSWI
substitutes part of the operation of such power plants and especially part of the fuel load
needed (substitution of coal).

In option 2 it is assumed that the energy generated in MSWI affects the medium and/or
top energy demand. Here it is underlain that the feeding into the network has to be in-
creased or reduced if the energy provided by MSWI is varying. The medium and/or top en-
ergy demand is generally covered by gas fired power plants.

In option 3 MSWI substitutes, on the one hand, the processes which are generating the
European electricity mix and, on the other hand, the processes providing the industrial and
room heating mix.
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Table 6: Energy mixes assumed in the calculation mode/
Electricity’ Industrial Heat® | Room Heating, Hot
Water®
Hard coal 33% 15% 1%
Lignite 25% 7% 3%
Fuel oil 5% 11% 28%
Natural gas 21% 58% 47%
Nuclear power 13%
Hydro power 3%
Wood 9% 11%
Electricity 10%
Sum 100% 100% 100%

Under certain circumstances, energy generated by MSWI may not be needed at all. As a
consequence, no conventional energy production can be substituted. This, for instance,
would be the case for a combustion process generating energy in form of heat in a region
where heat is not required (summer, no district heating, no industrial heating). In that case,
the value of the energy generated becomes zero. In the CBA such circumstances are con-
sidered in the definition of a particular model region investigated (see chapter 4).

” Source: EUPROG (1997) UNIPEDE, "EUPROG 1997, Programmes and Prospects for the European Electricity Sector", Paris
& source: Energy balance sheets 1997-1998, Eurostat 2000

® source: Energy consumption in households, Eurostat 1999
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The prices of the regular fuels and the values assumed for the energy mix substituted are

listed in Table 7 below.

Table 7: Energy costs™ (independent of the model region chosen)
unit energy costs energy costs
[Euro/unit] [Euro/GJ]

Hard Coal t 50 1,70

Lignite t 35 3,41

Fuel oil I 0,20 4,82

Natural gas m3 0,14 4,02

Electricity consumed kWh 0,06 16,67

“value” of electricity mix sub- kWh 0,04 11,11

stituted

“value” of room heating mix kWh 0,015 4,17
substituted

“value” of industrial heat mix kWh 0,015 4,17
substituted

The “value” of the substituted energy mixes (electricity, heat) means the benefit that can
be achieved through the substitution of the processes making up these energy mixes. In
principle, this value stands for the weighted business costs of all processes involved in the
respective energy mix. In this study, however, there was no room to collect all data re-
quired to calculate these costs in detail. So, these “values” have mainly be oriented on
market prices. The values, however, are only needed in option 3 of MSW incineration.

Ovalues result from questionnaires completed by project members in August 2000.
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3.4 External Effects, Averting Costs

The processes applied in the analysed system, the primary processes as well as the proc-
esses of primary production cause external effects in form of gaseous and liquid emis-
sions. The amount of the emissions are determined by LCA and eco-balances respectively.
The emissions of incineration/combustion processes as well as from landfilling are derived
from the application of specific transfer-coefficients (see Appendix chapter 4).

In order to integrate emissions into the cost-benefit analysis, emissions need to be valued
in monetary units.

Literature shows a wide range of different techniques to value emissions. In principle,
many of the economic valuation methods can be used to quantify the environmental ef-
fects of emissions. However, in practice existing data focus on air pollution and most of
these data have been derived using a combination of different valuation techniques. Basi-
cally, two groups of methods can be distinguished: direct methods and indirect methods
of valuation. The approach used by GUA is the indirect valuation of averting cost™".

The basic idea of averting cost is quite simple. Costs which are necessary to avoid negative
externalities are valued. One tries to estimate the costs which are necessary to avert the
damage before it may occur. In other words, the costs for installing a filter to clean the
emissions of a factory are used to determine the costs of the effects of the emissions.

Averting costs are costs which would have to be invested elsewhere in the economy to
prevent the same amount of emissions. The costs are the monetary values of material
flows as output from the anthroposphere to the environment via technological and struc-
tural standards. Therefore, averting costs reflect the value that society places on the
abatement of emissions.

In fact, averting costs need not be determined as costs for new technologies in the same
sector of the economy. They may reflect costs for the use of other, even more cost effi-
cient technology anywhere in the economy in order to achieve the same reduction. Two
different approaches can be distinguished:

e The bottom-up method determines and aggregates the savings of energy in each single
sector. The averting costs are estimated for the savings of emissions by different tech-
nologies anywhere in the economy. These costs can be derived from operating and
construction costs, which are necessary to achieve given standards and regulations
(e.g. using investment costs; investment costs combined with external costs or the
costs required for meeting the regulations; welfare costs for the obligatory installation
of catalysts in cars).

* The originator of the top-down method is a politically or ethically defined target to re-
duce the emission. Thus, for example, the level of a tax for carbon dioxide is fixed to
reach the target. The level of the tax is used to indicate the social costs of carbon di-
oxide emissions.

"The averting cost approach sometimes goes under the name of the control cost approach (cca), pollution abatement cost
approach, and remediation cost approach.
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GUA prefers the approach of averting costs to monetise emissions. The main reasons for
this strategy are listed in the following:

The application of averting costs is associated with only small inaccuracies, because
they are derived from a great number of cost-benefit analyses which have been carried
out to set emission standards.

Results of CBA based on averting costs can be interpreted in a very practical way (e.g.
“the environmental benefits of an analysed scenario can be achieved by other meas-
ures in a more efficient way” - namely by the processes where averting costs have been
derived from). From this point of view the practical application of a CBA result could
lead to concrete compensation measures for environmental disadvantages of a sce-
nario with a positive cost-benefit balance.

CBA based on averting costs represents an excellent tool to measure eco-efficiency of
various options within given targets for the reduction of certain emissions. (Averting
costs cannot be used to determine the targets for emission reduction.)

The averting cost concept is used by the German Federal Agency for Statistics (Sta-
tistisches Bundesamt Deutschland) within the framework of the System for Environ-
mental Total Accounting (Umweltgesamtrechnung - UGR) and by the United Nations
for the System for Integrated Environmental and Economic Accounting.

The application of damage costs, (i.e. the calculation of the costs of damages, like the
effects on eco-systems, public health and buildings etc.) is fraught with considerable
uncertainties. One of these uncertainties is that it is not single pollutants, but a combi-
nation of multiple pollutants that cause the damages. It is not (yet) known exactly
which concentration of which pollutant causes which damages. On the one hand, there
is a certain damage due to the impact of pollutants, on the other hand, there are the
emissions of these substances. The transition of these substances from their emission
source to their impact area is influenced by a large number of complex circumstances.
Also, the noticeable damages are heavily dependent on a particular mix of pollutants.
The division of these mixtures into single pollutants and further into the emissions of
these substances is full of uncertainties and could easily lead to inaccurate conclusions.
All these uncertainties and morally questionable assumptions™ can be avoided by using
the averting cost method directly.

In close co-operation with the Institute of Public Finance and Infrastructure Policy at the
Vienna University of Technology a comprehensive review of the averting costs quoted in
recent literature has been undertaken. In some cases, however, given assumptions have
been adapted and additional calculations have been carried out. As a conclusion, Table 8
and Table 9 below show the averting costs used in the cost-benefit analysis in hand.

2For instance, in literature there is the aspect of the “value of statistical life”. Some studies even differentiate the value of

lives in the so called first world from those of the third world.
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Table 8: Averting costs of air pollutants
Pollutant - Air Averting costs in EURO/t
COZ biog (1) O
COZ foss (2) 63
CHs (3) 1,328
CO (3) 76
S0 (2) 2,544
HCI (4) 6,100
NOy as NO2 (2) 2,035
NMVOC (5) 2,035
Dust (2) 509
CFC (6) 252,907
cd (7) 1,780,484
Hg (8) 35,610
Pb (8) 35,610
(1) Valuation of COz biog, Which is emitted from renewable energy sources like wood, can remain un-
done.
(2) BALANDYNOWICZ et al., 1995
(3) FRITSCHE et al., 1992
(4) Ccowl, 2000
(5) TEUFEL etal., 1991
(6) GUA et al., 2000
(7) KLEPPER et al, 1995
(8) Equivalents of heavy metals analogous to:
http://www.ecosite.co.uk/depart/backinfo/sandmb.html, retrieved on 27. 07. 2000; converted to
heavy metal equivalent Cd=50, Pb=1, Hg=1
Table 9: Averting costs of water pollutants

Pollutant - Water Averting costs in EURO/t
COD (1) 712
NH; (1) 1,108
Cd (1) 356,104
Hg (1) 1,780,523
Pb (1) 71,221

(1) GUA et al., 2000
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The averting costs listed in the tables above are multiplied by the emissions of the proc-
esses in the analysed system as well as by the emissions of the primary and substituted
processes.

In general, the emissions of the processes occur immediately with the processing of the
waste. This, however, is not the case regarding the process “landfill”. Here, the emissions
observed depend mainly on the examination period chosen. For the study in hand, it has
been decided to choose an examination period of 10,000 years. This long period guaran-
tees that even long term effects of landfilling are built into the cost-benefit analysis. In a
sensitivity analysis, however, an examination period of 100 years has been investigated
also (see chapter 8 below).

It has also been decided that the external costs resulting from landfilling are not dis-
counted along the time axis. The external effects from landfilling should not be played
down only because they are appearing in distant future.

Emissions for which there are no averting cost available but which are also relevant in the
environmental discussion are presented in form of “normal” emission rates (kg/a). Such
emissions are PCDD/F and Zn as air pollutants as well as CI" and Zn as water pollutants.

There are no externalities assumed for solids leaving recycling/co-combustion processes
(such as sec. materials, clinker'®, gypsum®). Fly ash and bottom ash resulting from com-
bustion/incineration processes, however, are directed to landfill and are contributing to the
externalities in the air and water path of landfilling consequently.

30ne assumption for co-combustion has been that the quality of by-products is not deteriorated.
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4 MODEL REGIONS

The outline of integrated waste management systems operated within the EU is very het-
erogeneous. The waste management systems differ between numerous parameters. Pa-
rameters, which are variable within the EU and which are relevant regarding the cost-
benefit analysis, can be listed as follows:

¢ waste generation and composition
« level of recycling/recovery
» cost level (personnel/investment)

¢ saleability of energy

For the study in hand it was initially intended to define three different model regions based
on actual waste management systems in North, Centre and South of Europe. By means of
that, the respective differences within the EU should be demonstrated. By trying to define
these regions in detail, however, it has been realised that it is almost impossible to identify
waste management systems which can be called typical for North, Centre or South of
Europe. As a consequence, the definition of the model regions finally applied in the study
is not linked to an actual geographic background but is rather based on so called “virtual”
model regions.

The virtual model regions mirror three different structural conditions for integrated waste
management systems basically representing the situation in South, Central and North of
Europe.

The parameters describing the virtual model regions can be divided into fixed parameters
and variable parameters.

Fixed parameters are made up of parameters which describe the type of settlement of the
model regions defined. These parameters are equal for every model region.

For the study in hand it has been decided to pick a city of 500,000 inhabitants as the type
of settlement investigated. The fixed parameters describing that type of settlement are
provided below.

fixed parameters:

* number of inhabitants: 500,000

* number of households: 200,000

e distribution of inhabitants: Down Town (mainly multi family houses): 50%
Suburb (mainly single family houses): 50%

* amount of combustibles from commerce: 65 kg/person

« amount of combustibles from industry: 35 kg/person

e capacity of MSW-incinerator: 150,000 t/a

Model Regions Page 26



April 01 |§lla| Waste to Recovered Fuel, CBA

« type of energy generation substituted
by the MSW-incinerator in case of in-
cinerating residues from fuel prepara-

tion processes: PC power plant
« saleability of electricity: no restrictions
« efficiency of co-combustion plants: CFB: 35% electric; 50% thermal (CHP);

40% (cond. power)

PC power pl.: 30% elec.; 55% th. (CHP);
43% (cond. power)

By basing the model regions on the same type of settlement the comparison between the
model regions can considerably be facilitated.

The variable parameters deal with parameters which characterise and influence the outline
of the waste management system identified. Such parameters are - on the level of material
streams:

« the amount of waste generated,

« the waste composition,

¢ the collection system used;

and on the level of economics:

¢ the business cost of the waste management processes,

¢ and the saleability of heat.
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Table 10: Variable parameters of Model Region 1, 2, and 3
Model region 1 Model region 2 Model region 3
“South” “Central” “North”
(city of 500,000 inh.) | (city of 500,000 inh.) | (city of 500,000 inh.)
MSW** generation 300 350 400
[kg/Inh]

MSW** composition

high organic, low
packaging (paper,
plastics)

medium organic and
packaging (paper,
plastics)

low organic, high
packaging (paper,
plastics)

separate collection

glass, paper, bio-

glass, paper, metals,

glass, paper, metals,

factor

system waste plastics, bio-waste bio-waste
cost level low medium high
personnel cost factor 0.4 1 13
investment cost 0.8 1 1.3

saleability of heat
generated in MSWI

no heat saleable

(no district heating system
installed)

heat saleable during
the whole year

(district heating system in-
stalled)

heat saleable during
the whole year

(district heating system in-
stalled)

The parameters of waste generation and waste composition will additionally be varied by
means of sensitivity analyses. In sensitivity analyses the parameters are changed within a
given range and the influence on the cost-benefit balance - the result of the cost-benefit
analysis - is evaluated.

The figures concerning the amount of waste generated as well as the waste composition
are based on investigations undertaken by EEA (2000), OECD/Eurostat (1992, 1994, 1996,
1998), and TN SOFRES (2000). The wide variability of the data has been summarised in
forming three sets of waste generation and waste composition. The sets chosen mirror the
ranges of the figures reported™.

14“daily household and commercial waste”: waste collected on a traditional basis (bagged wastes, i.e., mixed waste col-
lected from households and other sources every day, every week, every two weeks etc.) and separately collected fractions,
including packaging, such as paper, cardboard, glass, metal/plastic packaging and food waste from households and other
sources. Other sources include commercial and institutional activities that generate waste similar to that generated by
households. Generally, these wastes are produced from the daily or routine activity of households and businesses and do
not include items such as bulky wastes that are generated on an intermittent basis. (Definition used by EEA and ETC/W).

15Extremely high or low figures reported for some Member States have been neglected. It is rather likely that those figures
are based on different definitions of MSW as used in the study.
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The following tables present the composition of MSW as well as the composition of com-
mercial and industrial waste applied in the three model regions. It is assumed that the
composition of commercial and industrial waste is the same in every model region.

Table 11: Composition of MSW in Model Region 1, 2, and 3
. Model region 1 Model region 2 Model region 3
Waste Composition "Soutgh" "Centrgal" "Nortgr]w"
high organic, low low organic, high
packaging (paper, | medium organic, | packaging (paper,
plastics) medium packaging plastics)
Paper/cardboard (packaging) 4% 7% 11%
Paper/cardboard (non-packaging) 15% 18% 19%
Composites (packaging) 2% 3% 4%
Composites (others) 4% 5% 5%
Textiles 3% 3% 3%

Wood, leather, rubber 2% 2% 2%
Bio-waste (kitchen-type) 35% 24% 18%
Bio-waste (garden-type) 14% 10% 8%

Plastics (packaging) 4% 7% 11%
Plastics (non-packaging) 2% 2% 2%
Metals (packaging) 2% 3% 3%
Metals (others) 1% 1% 1%
Glass (packaging) 5% 6% 6%
Glass (non-packaging) 1% 1% 1%
Mineral materials 7% 8% 8%
100% 100% 100%
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Table 12: Composition of commercial and industrial waste
Waste Composition Commercial Waste| Industrial Waste
Paper/cardboard (packaging) 30% 50%
Paper/cardboard (non-packaging) 0% 0%
Composites (packaging) 0% 0%
Composites (others) 5% 30%
Textiles 5% 0%
Wood, leather, rubber 13% 0%
Bio-waste (kitchen-type) 0% 0%
Bio-waste (garden-type) 7% 0%
Plastics (packaging) 10% 0%
Plastics (non-packaging) 18% 20%
Metals (packaging) 0% 0%
Metals (others) 5% 0%
Glass (packaging) 0% 0%
Glass (non-packaging) 2% 0%
Mineral materials 5% 0%
100% 100%

The model regions are also different concerning the level of the separate collection system
installed.

The separate collection systems mentioned in Table 10 above should mirror the different
status of separate collection within the EU. It can be assumed that glass, paper, and
biowaste will be collected separately all over the European Union in the near future. Met-
als, plastics and biowaste, however, will be separated only in a few Member States. This
situation has been taken into account in the definition of the separate collection systems in
three model regions.

The following table shows the outline of the different separate collection systems as well
as the inclusion quotas assumed.
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Table 13: Collection systems applied in three Model Regions (BS...Bring System;
KSC...Kerb Side Collection)
Model Region | collection | system container inh./collection inclusion
fraction point™® quota

glass BS iglo 1.5 m3 1000 35%

1 paper BS iglo 3.0 m3 1000 30%
metals - - - -

“South”

plastics - - - -

biowaste KSC - - 30%

glass KSC 1201 6 85%

) paper KSC 240 | 6 70%

. . metals KSC 120 | 6 50%

Central

plastics KSC 120 | (bag) 6 40%

biowaste KSC 120 | 6 60%

glass BS iglo 1.5 m3 700 60%

3 paper BS iglo 3.0 m3 700 50%

. , metals BS 1,100 | 700 30%

North

plastics - - - -

biowaste KSC 120 | 6 40%

The figures describing the outline of the collection system (size of container, inh./collection
point) are averaged from data provided by several Project Members. The respective inclu-
sion quotas are derived from reports given by CEPI*', FEVE'®, ACRE™ and ETC/W.

The cost levels regarding investment and personnel cost applied in the model regions are
based on experiences made through various projects undertaken within the EU. The cost
levels will also be addressed to sensitivity analyses.

81n case of kerbside collection the number of inhabitants per collection point represents the average number of persons per
building.

1 Confederation of European Paper Industries
8rederation Europeenne du Verre d’Emballage
19 Aluminium Can Recycling Europe

20European Topic Centre on Waste
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In terms of the saleability of electricity, it is assumed that the electricity generated in a
MSW incinerator is saleable in each model region. The heat generated, however, is only
saleable in Model Region 2 and 3. In Model Region 1 it is assumed that there is no need
for district heating or industrial process heat respectively. In this case the MSW incinerator
is operated in the mode of condensing power. In Model Region 3 it is assumed that the
total energy produced can be sold. This is possible if the incinerator is situated near the
end-consumer and a well designed district heating system can be operated all over the
year.

Table 14 presents the efficiency values assumed for the generation of heat and power in a
MSW incineration plant. Furthermore, it lists the share of room heating and industrial heat
on the amount of heat produced.

Table 14: Efficiency values and distribution of the heat produced in a MSW incinera-
tor
Model region 1 Model region 2 Model region 3

“South” “Central” “North”

electric efficiency 25% 10%°" 20%*

thermal efficiency 70%* 80%*

share of room heating 70% 100%
share of industrial heat 30% 0%

21400 °C steam temperature, back pressure turbine

22500 °C steam temperature, back pressure turbine, flue gas condensation
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5 SCENARIOS

The calculation of the cost-benefit balance - the result of the cost-benefit analysis (see
chapter 6 also) - is carried out by means of scenarios. A scenario describes a specific com-
bination of waste management methods in the analysed system.

For the calculation of the cost-benefit balance it is necessary to distinguish between a so
called “baseline scenario” and an “analysed scenario”.

The baseline scenario represents the basis where the variations investigated in the ana-
lysed system are referred to. Waste management measures in the analysed system which
are not changed in CBA are also part of the baseline scenario. In the study in hand such
measure is the level of separate collection in the respective model region. The influence of
recycling on the cost-benefit balance is not the main interest of the study. So, the level of
recycling will be kept constant for all scenarios investigated in a model region.

As there are three model regions investigated there are also three baseline scenarios re-
quired, one for each model region.

The baseline scenarios applied are outlined as follows:

e present state of material recycling of paper, plastics, metals, glass, and organics sepa-
rated at households in the model region

« “state of the art” landfilling of the remaining MSW (grey waste) as well as of the com-
bustibles from commerce and industry
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Figure 13: Example: Outline of the baseline scenario in Model Region 3
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The analysed scenarios describe specific conditions in the analysed system different from
the situation in the baseline scenario.

By means of the analysed scenarios the welfare macro economic role of energy and fuel
recovery within an integrated resource and waste management system is described. It can
be shown how residual wastes are preferably managed in order to achieve the most ad-
vantageous results for the national economy.

In the analysed scenarios MSW-incineration (with three options of substitution) as well as
three fuel preparation processes (FP1-FP3) connected with four co-combustion processes
(cement kiln, CFB, PC, gasification) are investigated. In total, 45 separate data combina-
tions are analysed.

The analysed scenarios are basically divided into two scenario groups;
¢ incineration (and energy recovery) in a MSW incinerator and
« fuel recovery and co-combustion in industrial co-combustion plants.

The following table lists the scenarios which are investigated in each model region.
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Table 15: Overview of the scenarios investigated
scenario residual, com., ind. | co-combustion substitution of | abbreviation
waste goes to of prepared fuel of scenario
in
baseline landfill BS
Scenario (according to Landfill Directive)
C .
2 coal fired power p. I-coal
E H . 23
o MSW incinerator gas fired power p. I-gas
‘©
£ energy mix I-mix
cement kiln*® fuel-mix FP1-CK
fuel preparation 1** CFB* coal FP1-CFB
fluff or pellets
( P ) PC power plant27 coal FP1-PC
.g gasification”® and coal FP1-gasPC
g PC power plant
@ cement kiln fuel-mix FP2-CK
] >
Q (3}
2 > | fuel preparation 2*° CFB coal FP2-CFB
< ® soft pellets
= E) (soft p ) PC power plant coal FP2-PC
[}
= gasification and coal FP2-gasPC
PC power plant
cement kiln fuel-mix FP3-CK
fuel preparation 3% CFB coal FP3-CFB
hard pellets
( P ) PC power plant coal FP3-PC
gasification and coal FP3-gasPC
PC power plant

Zsource: resume of data collected from MSW incinerator Spittelau, Vienna, from MSW incinerator Wels, and from a planned
MSW incinerator in Lower Austria cross-checked with other published data.

24 source: ESSENT Milieu, Netherlands

Bsource: resume of data collected from Scoribel, Belgium; Forschungsinstitut der Zementindustrie, Germany; and operators
of cement kilns in Austria

Zsource: resume of data collected from Foster Wheeler, Finland; and RVL, Austria

% source: resume of data collected from ELSAM, Denmark; and APME (2000)

Bsource: LAHDEN LAMPOVOIMA, Finland

source: Trienekens, Germany

®source: Ewapower, Finland
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6 CALCULATION OF THE COST-BENEFIT BALANCE

The calculation of the cost-benefit balance (CBB) is carried out in two steps.
As a first step the internal as well as the external effects of a scenario are determined.

Internal effects are those which are caused intentionally (e.g. investment costs for me-
chanical equipment). They are easy to quantify as they are considered in the cost-
accounting of the processes investigated. They are already presented in monetary units as
“internal costs”.

Internal cost can also be addressed as “business cost”. For the study in hand, internal
costs (business cost) are defined as direct fixed and variable monetary costs related to
processes, including normal industrial depreciation for investments as well as a moderate
business profit (5%).

External effects, however, are effects which are caused unintentionally and which are not
considered in the cost-accounting of the enterprises (e.g. emissions of pollutants). In order
to integrate these effects into the cost-benefit analysis they need to be transferred into
monetary values (“external costs”). The transfer of external effects into external costs is
undertaken by means of applying the principle of averting costs (see chapter 3.4 above).

+ -
=> external costs

Eac EAC EAC (environmental/

emissions emissions emissions society costs)
A A A
priﬁ1ary / N
processes EPC E PC

electricity, process 1 primary

energy carriers processes

waste 5
rocess .
P substituted .
primary => internal costs
production (business costs)
integrated resource
and waste process X
L management system \ ] ; i
L \ 4 SoF
e T
e I system of substituted
* * primary production (SPP)
Analysed System (ASy) duct ~ equivalent
(se%“zqat‘eﬁals = primary product
energy)
E AC ... averting costs
E PC ... process costs
Figure 14: Internal and external costs

Calculation of the Cost-Benefit Balance Page 36



April 01 |§lla| Waste to Recovered Fuel, CBA

In the cost-benefit analysis the internal as well as the external costs of the processes saved
represent the value of the products leaving the analysed system.

By adding the process costs of the processes in the analysed system and by subtracting
the costs of the primary processes saved the internal costs of a scenario can be calculated.
The external costs of a scenario are calculated in the same way (averting costs of the ana-
lysed system minus averting costs of primary production).

As a second step the analysed scenario is compared with the baseline scenario. The inter-
nal as well as the external costs of the analysed scenario are subtracted from the respec-
tive costs of the baseline scenario. Finally, the sum of the two “deltas” is forming the cost-
benefit balance, the result of the cost-benefit analysis.

The cost-benefit balance represents the difference between the analysed scenario and the
baseline scenario. A positive sign means that the analysed scenario is “better” than the
baseline scenario. In this case the (internal or external) costs of the baseline scenario are
higher than the costs of the analysed scenario. These positive “difference-costs” can also
be addressed as “benefits”.

Baseline Scenario
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Figure 15: Calculation of the Cost-Benefit Balance

The procedure of calculating the difference has been applied in order to be able to con-
centrate the analysis on the changes between the analysed scenario and the baseline sce-
nario. In this way, the result of the CBA is not influenced by conditions which are the same
in both the analysed and the baseline scenario. The results are solely referred to the differ-
ences which are basically the interest of the cost-benefit-analysis undertaken.

Calculation of the Cost-Benefit Balance Page 37



April 01 |§lla| Waste to Recovered Fuel, CBA

7 RESULTS OF THE COST-BENEFIT ANALYSIS

In the following the results of the cost-benefit analysis are presented. The results are
structured according to the model regions investigated. In the beginning of each sub-
chapter the outline of the respective model region is shortly summarised again.

7.1 Model Region 1 (“South”)

Model Region 1 symbolises a region with rather low waste generation rates (300 kg/Inh.).
The composition of the waste is characterised by a high share of organics and a low share
of plastics and paper. The separate collection system installed deals with separate collec-
tion of glass, paper and biowaste. The cost level regarding investment and personnel is
low. Energy generated in the MSW incinerator can only be sold in form of electricity.

7.1.1 Recovered Fuels

Table 16 below provides an overview of the amount and composition of the recovered
fuels produced in Model Region 1.

Table 16: Recovered fuels in Model Region 1

fluff - FP1 pellets - FP1 soft pellets - FP2 |hard pellets - FP3
amount_[kg/Inh.] 80,6 62,6 89,9 142
amount [MJ/Inh.] 1.264 1.299 1.627 2.777
heating value [MJ/kg] 15,7 20,8 18,1 19,6
water content 25% 4% 16% 4%
Composition*
C [%dm] 52,8% 44,7% 50,9% 40,6%
N [%dm] 0,55% 0,43% 0,41% 0,58%
S [%dm] 0,24% 0,21% 0,22% 0,24%
Cl [%dm] 0,70% 0,73% 0,73% 0,70%
Cd [mg/kg dm] > 6 6 5
Hg [mg/kg dm] 0,49 0,27 0,31 0,45
Pb [mg/kg dm] 130 130 131 136
* The composition of recovered fuels is calculated on the basis of substance groups. Measurements undertaken in the field are more accurate. Producers of recovered

fuels reported that the quality of recovered fuel is generally higher than shown in the table.
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It can be seen that the fuel preparation process FP3 shows the highest productivity in
terms of fuel preparation. In the FP3 process about 35% of the waste input can be used for
the production of recovered fuel. This is almost two times the amount produced in the FP1
process which shows the lowest yield of fuel preparation.

The residuals of fuel preparation are directed to the MSW incinerator throughout. Metals,
which are separated in the fuel preparation processes and in the incinerator respectively,
are forwarded to material recycling (see good balance in the Appendix).

The chemical composition as well as the heating value are calculated on the basis of
chemical analyses undertaken for different “substance groups” (e.g. paper, plastics, glass,
etc.). In the calculation model the substance groups represent the smallest calculation unit
where the calculation of all good streams is based upon. They are used to describe the
composition of MSW as well as of commercial and industrial waste. Accordingly, recov-
ered fuels (as output stream of preparation processes) are a mixture of substance groups
also.

The results regarding the chemical composition of recovered fuels depend on the chemical
composition fixed for the different substance groups®. Actual measurements carried out in
the field of course give more accurate results. In fact, the measurements reported for CI -
the most important parameter in terms of co-combustion - are for example in the order of
0.5%. Thus, the values calculated in the model on the basis of substance groups can only
be interpreted as a rough estimate.

*1The chemical composition of the substance groups is presented in the appendix.
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7.1.2 Internal Costs/Benefits compared to Landfill

A Internal Costs/Benefits, Model Region 1

FP3 - gasPC
FP3-PC
FP3-CFB
FP3-CK
FP2 - gasPC
FP2-PC
FP2 - CFB
FP2 - CK
FP1 - gasPC COSTS
FP1-PC
FP1-CFB
FP1-CK

I - mix

|-gas

|- coal

-20 -15 -10
EURO/Inh.

(&)1
o

Figure 16: Internal costs/benefits of Model Region 1

Figure 16 shows the internal costs of the analysed scenarios in comparison with the base-
line scenario®.

It can be seen that all analysed scenarios show a negative sign. This means that the inter-
nal costs of the scenarios are higher than the respective costs of the baseline scenario.

In this case the benefits of saved primary energy production and fuel costs respectively are
not high enough to compensate the costs in the analysed system. So, the costs arising in
the analysed scenarios can not fall below the costs of the baseline scenario. This, however,
would be the prerequisite for changing the sign and becoming a benefit consequently.

The incineration scenarios basically achieve the most negative results. The main reason is
that in Model Region 1 the energy generated in the incinerator can only be sold in form of
electricity. So, only small benefits arise from waste incineration.

This also affects the results of the FP1 and FP2 scenarios. Here, only a rather small share of
waste directed to fuel preparation can finally be separated as recovered fuel. The remain-
ing rest, which amounts to about 75% of the total input, is also directed to the waste in-
cinerator (see good balance in the Appendix). As a consequence, the FP 1 and FP2 sce-
narios behave to a very large extent like “pure” incineration scenarios.

*2The baseline scenario is represented in the “zero-line”
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Within the incineration scenarios the mix-scenario achieves the best results followed by the
gas-scenario and the coal-scenario. This means that under the circumstances given in
Model Region 1 (esp. cost levels for labour and investment) and under the energy costs
assumed the generation of power in a coal fired power plant represents the cheapest so-
lution. Thus, the savings achieved are lowest when this type of power plant is substituted.

In case of the FP1-scenarios the paper/plastic fraction separated in a first separation step
requires further treatment before it can be sent to co-combustion. The type of treatment
depends on the co-combustion process chosen. The most costly treatment is required
before the fuel can be directed to a PC power plant. Here, the material needs to be pellet-
ised and further pulverised. The additional costs linked with the pelletising/pulverisation are
the reason why the FP1-PC scenario achieves the most negative internal costs within the
FP1 scenarios.

With the exception of the FP1-PC scenario the FP1 scenarios achieve slightly better results
than the FP2 scenarios. The reason for that are the higher process costs of the FP2 process
caused by the two step approach of fuel preparation. Although the FP2 process shows a
higher yield of fuel preparation, the saved costs for regular fuels are not high enough to
bring the internal costs of the FP2 scenarios below the internal costs of the FP1 scenarios.

The FP3 scenarios achieve the lowest internal costs. This results from the high yield of fuel
preparation combined with appropriate preparation costs. On this conditions, the substi-
tution of regular fuels significantly reduces the business cost of fuel preparation.

As regards the co-combustion options, it is very hard to identify a hierarchy among the
options investigated. A rather expensive option, however, is the treatment of prepared fuel
in a gasifier with the further combustion of the product gas in a PC power plant. The in-
vestments in a gasifier are much higher than the investments required to adjust the other
co-combustion facilities for the use of recovered fuel. The higher internal costs of the FP1-
PC and the FP3-CK scenarios compared to the gasPC scenarios result from the additional
preparation steps required before the recovered fuel can be fed into the co-combustion
process (FP1-PC: pelletising of fluff; FP3-CK: simple crushing of pellets).

In practice, the most economic co-combustion process is identified by including regional
circumstances into the decision making process. Thus, the macro-economic hierarchy -
based on same conditions for all co-combustion options - might easily be overruled by
regional circumstances (existing plants, transport distances, etc.).

The identification of a hierarchy among the co-combustion options steps into the back-
ground anyway. As Figure 16 shows, the type of co-combustion process chosen has only a
minor effect on the final result of the internal costs. The internal costs are mainly domi-
nated by the type of fuel preparation process applied (see significant difference between
FP3 scenarios and FP1 and FP2 scenarios respectively).
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7.1.3 External Costs/Benefits compared to Landfill

A External Costs/Benefits, Model Region 1
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Figure 17: External costs/benefits of Model Region 1

The external effects of the analysed scenarios are much lower than the external effects of
the baseline scenario. This means that - from the environmental point of view - fuel and
energy recovery is better than the alternative of untreated landfilling. A clear external bene-
fit can be achieved consequently.

Within the analysed scenarios, the external benefits of scenario I-gas are the lowest.

Under the conditions of Model Region 1 (generation of electricity only) the required op-
eration of a gas fired power plant causes lower emissions than a MSW incinerator. Thus,
the substitution of a gas fired power plant by MSWI can not contribute to additional envi-
ronmental benefits but leads to additional external costs. This is also the case in terms of
the substitution of a PC power plant and the processes forming the energy mix. Here,
however, the difference between the emissions of the MSWI and the emissions of the sub-
stituted processes (PC power plant, mix-processes) are much smaller®.

The high external benefits of all incineration scenarios result solely from the lower emis-
sions of the whole process chain (including the negative effects of substitution) compared
to the far higher external costs of landfilling (baseline scenario).

*The emissions of the substituted processes (gas fired power plan, PC power plant and mix-processes) also include the
emissions which are connected with the mining, extraction, refining, and transport of the energy carriers used (emissions
of primary processes, see above).
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The FP1 scenarios achieve smaller external benefits compared to the FP2 or FP3 scenarios.
The reasons are, on the one hand, the lower amount of FP1-fuel produced and, thus, a
higher share of incineration in the FP1 scenarios linked with rather small benefits achieved
for substitution (only electricity can be sold) and, on the other hand, the lower heating
value of FP1-fuel. The combination of both a smaller amount of RF and a lower heating
value mean that the total energy input into co-combustion facilities is considerably below
the energy input achieved in the FP2 and FP3 scenarios respectively. A smaller amount of
regular fuels (and emissions) can be substituted consequently.

The FP2 scenarios achieve the highest external benefits. This is remarkable because in the
FP2 scenarios less fuel can be recovered and less emissions can be saved through substi-
tution compared to the FP3 scenarios. However, the FP3 preparation process itself emits
more emissions than the FP2 process. This is because in the pelletising process of FP3 a
considerable amount of fuel oil is used for the production of hard pellets. The external
benefits achieved through co-combustion of FP3-fuel (additionally linked with a higher
heating value of FP3-fuel) can only slightly overcompensate the emissions caused by the
use of fuel oil. Moreover, the heating value of the remaining rest, which goes to incinera-
tion, is far below the heating value of the residuals of the FP2 process. So, in the incinera-
tor additional co-firing with natural gas is required and a much smaller amount of electric-
ity can be produced. This also contributes to lower external benefits of the FP3 scenarios.

The CK-scenarios achieve the highest benefits within the FP scenarios. The reason for that
is the substitution of a mixture of conventional fuels in the cement kiln compared to the
substitution of hard coal in the other co-combustion options. The mixture is dominated by
hard coal, however, 25% of the mixture are made up of heating oil and lignite (see Table
4). The benefits resulting from the substitution of this mixture are higher than the benefits
connected with the exclusive combustion of hard coal. Thus, the CK-scenarios can achieve
higher external benefits for the same energy input than the other co-combustion scenarios
where solely hard coal is substituted.

In general, the external effects are mainly (= 50%) made up of the benefits that can be
achieved through the diversion of waste from landfill (baseline scenario). In the CBA, all
external effects of landfilling which will occur within the examination period of 10,000
years are taken into account. This means that almost all carbon (— 90%) which is disposed
of in landfill is finally converted into CO, and CH, respectively.

The external benefits of the analysed scenarios are dominated by saved CH,, CO, as well
as saved water emissions. This means that the analysed scenarios (including the reducing
effects of the primary processes substituted) cause less CO,, CH,, and water emissions
than the baseline scenario.
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A External Costs/Benefits, Model Region 1
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Figure 18: Distribution of external costs/benefits in Model Region 1

Figure 18 shows the distribution of the external costs/benefits among the most important
emission streams.

It can be seen that the most important emission stream is the emission of CH,. CH, emis-
sions result almost exclusively from landfilling (= 95% ).

The landfill assumed in the calculation model is equipped with a gas collection system. The
gas collection system allows to gather 50% of the landfill gas. The collected landfill gas is
combusted (with energy recovery) in specially designed gas-engines. Moreover, it is as-
sumed that the landfill is covered with an oxidising surface which leads to a further reduc-
tion of CH, emissions (-50%).

This means that the external benefits connected with CH, emissions from landfill would
become even higher if a lower technical standard of landfilling should be applied.
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7.1.4 Cost-Benefit Balance compared to Landfill

CBB, Model Region 1
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Figure 19: CBB of Model Region 1

The internal and external costs are summarised in the cost-benefit balance (CBB). It can be
shown that all analysed scenarios achieve a positive CBB. This means that all scenarios
investigated are beneficial for the national economy compared to the alternative of dis-
posing of residual wastes in landfill. The average benefit achieved is in the order of 10-20
Euro/Inh. and year (referred to Model Region 1).

Within the incineration scenarios it can be seen that it is very important to consider which
type of energy generation process is substituted in fact. In terms of the substitution of a
gas fired power plant combined with a low efficiency of energy recovery in the incinerator
it would be almost of the same value to bring residual wastes to landfill (provided the
landfill meets the technical standards of the Landfill Directive). Here, the benefits that can
be achieved for the national economy are rather small.

The cost-benefit balance finally shows a clear hierarchy between the options of fuel
preparation. The best results can be achieved with the production of hard pellets, followed
by the production of soft pellets and fluff. A main reason for that is the different productiv-
ity regarding amount and heating value of the recovered fuel produced.
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7.1.5 Energy Saved compared to Landfill

Energy Saved, Model Region 1
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Figure 20: Energy saved by means of energy recovery in Model Region 1**

Figure 20 presents the energy content of the fossil energy carriers that can be saved in the
respective scenarios in comparison with the baseline scenario. It can be seen that the
higher productivity of the FP 3 process does not necessarily mean that the highest degree
of conventional energy carriers can be saved. The FP3 process itself is rather energy-
intensive. Correspondingly, the net amount of energy saved is largely influenced by the
internal energy consumption. In the end, the amount of energy saved in the FP3 scenarios
is slightly lower than the amount saved in the FP2 scenarios.

The energy content of conventional energy carriers saved is in the order of 1,500 - 2,500
MJ/Inh.. In comparison, the average energy consumption of solid fuels in the EU amounts
to about 28,000 MJ/Inh.*®. Thus, under the conditions given in Model Region 1 more than
5% of the average need of solid fuels can be substituted by energy recovered from residual
waste.

*Because of a lack of data it was not possible to derive the energy carriers saved in case of substituting the energy mixes
applied. So, there is no energy content presented in the I-mix scenario.

*source: Eurostat - 1996, Association of Finnish Peat Industry - 1996, IEA - 1994
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7.2 Model Region 2 (“Central”)

Model Region 2 is characterised by a medium waste generation rate (350 kg/inh.) and an
average waste composition (medium organic, paper, plastic). The separate collection sys-
tem is fully built up which means that glass, paper, metals, plastics and biowaste are col-
lected separately. The cost levels regarding investment and personnel are in the middle.
Both heat and power generated in the MSW incinerator can be sold.

7.2.1 Recovered Fuels

Table 17: Recovered fuels in Model Region 2

fluff - FP1 pellets - FP1 soft pellets - FP2 |hard pellets - FP3
amount [kg/Inh.] 87,1 71,1 102,8 140
amount [MJ/Inh.] 1.522 1.583 1.961 2.963
heating value [MJ/kg] 17,5 22,3 19,1 21,1
water content 22% 4% 16% 4%
Composition*
C [%dm] 55,0% 46,7% 52,5% 43,9%
N [%dm] 0,52% 0,45% 0,43% 0,54%
S [%dm] 0,24% 0,22% 0,23% 0,23%
Cl [%dm] 0,76% 0,78% 0,77% 0,78%
Cd [mg/kg dm] 6 7 6 6
Hg [mg/kg dm] 0,47 0,26 0,29 0,44
Pb [mg/kg dm] 143 142 141 152
* The composition of recovered fuels is calculated on the basis of substance groups. Measurements undertaken in the field are more accurate. Producers of recovered

fuels reported that the quality of recovered fuel is generally higher than shown in the table.

The different productivity of recovered fuel between the fuel preparation processes can
also be observed in Model Region 2. The differences, however, are lower than in Model
Region 1. So, slightly more FP1 fuel can be recovered in relation to FP3 fuel. The reason for
the increase in productivity is the higher waste generation rate as well as the higher share
of combustibles in residual waste. The higher share of combustibles also affects the heat-
ing values of prepared fuel. The heating values generally higher than in Model Region 1.
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7.2.2 Internal Costs/Benefits compared to Landfill

A Internal Costs/Benefits, Model Region 2
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Figure 21: Internal costs/benefits of Model Region 2

The internal costs in Model Region 2 show basically the same ranking like in Model Re-
gion 1. The performance of the analysed scenarios in absolute figures, however, is gener-
ally better. The reason for that is the higher heating value of the waste collected as well as
the higher waste generation rate. Thus, more primary energy production can be substituted
and more economic benefits can be achieved.

In case of the I-mix scenario it can clearly be seen that the price for energy is assumed to
be independent of the model region chosen. In Model Region 2 the cost levels for invest-
ment and personnel are higher than in Model Region 1. So, the costs for primary energy
production in coal and gas fired power plants are rising, too. This, of course, influences the
benefits (for substituting those power plants) which are rising in the same way. As a con-
sequence, the internal costs of the I-coal and I-gas scenario are reduced significantly and
can even fall below the costs arising in the FP1 and FP2 scenarios.

In case of substituting the energy mix (I-mix) or in case of substituting regular fuel (co-
combustion processes) the specific benefits for substitution remain the same like in Model
Region 1. So, the higher costs for waste treatment in Model region 2 can not be compen-
sated in the same order like under the conditions of Model Region 1. For most scenarios
this finally results in higher internal costs than in case of substituting a coal or gas fired
power plant.
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7.2.3 External Costs/Benefits compared to Landfill

A External Costs/Benefits, Model Region 2
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Figure 22: External costs/benefits of Model Region 2

Under the conditions of Model Region 2 clear external benefits can be achieved also. The
external benefits are even higher than in Model Region 1. The reasons are the higher share
of combustibles in residual waste as well as the higher efficiency of the MSW-incinerator
(saleability of heat). The combination of both enables to substitute a considerable higher
level of primary energy production. This especially increases the benefits achieved through
the substitution of fossil CO, emissions (see Figure 23).
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Figure 23: Distribution of external costs/benefits in Model Region 2

The lower organic carbon content in residual waste (lower share of organics) is mirrored in
the lower CH,-emission-costs contributing to the external benefits. In Model Region 2, the
highest external benefit results from the substitution of fossil CO,-emissions.

Also by considering heat substitution the hierarchy of the external benefits remains the
same: The external benefits of the FP2 scenarios are slightly above the benefits of the FP3
and FP1 scenarios respectively followed by the benefits achieved in the incineration sce-

narios.
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7.2.4 Cost-Benefit Balance compared to Landfill

CBB, Model Region 2
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Figure 24: CBB of Model Region 2

In Model Region 2 all analysed scenarios achieve a clear positive cost-benefit balance. The
hierarchy of the analysed scenarios remains almost the same like in Model Region 1, how-
ever, the differences between the scenarios have become much smaller. Especially the in-
cineration and FP1 scenarios have significantly increased their CBB.

Averaged over all analysed scenarios the benefits achieved are in the order of
20 - 25 Euro/Inh.. This means that - from the welfare macro economic point of view - it is
clearly desirable to support energy recovery from residual waste under the conditions of
Model Region 2.
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7.2.5 Energy Saved compared to Landfill

Energy Saved, Model Region 2
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Figure 25: Energy saved by means of energy recovery in Model Region 2

The higher content of combustibles in residual waste as well as the better performance of
energy recovery in the incinerator also influences the amount of fossil energy carriers
saved. In comparison with Model Region 1 generally more fossil energy carriers can be
substituted in Model Region 2.

The energy content of conventional energy carriers substituted is in the order of
2,600 - 3,200 MJ/Inh.. So, more than 10% of the average European solid fuel consumption
can be saved under the conditions of Model Region 2.
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7.3 Model Region 3 (“North”)

Model Region 3 is characterised by a high waste generation rate (400 kg/Inh.). The waste
composition is made up of a high share of paper and plastics and a low share of organics.
The separate collection system includes separate collection of glass, paper, metals, and
biowaste. The heat and power generated in the MSW incinerators can be sold to 100%
efficiency.

7.3.1 Recovered Fuels

Table 18: Recovered fuels in Model Region 3

fluff - FP1 pellets - FP1 soft pellets - FP2 |hard pellets - FP3
amount [kg/Inh.] 1019 83,6 131,0 203
amount [MJ/Inh.] 1.726 1811 2.534 4.341
heating value [MJ/kg] 16,9 21,7 19,3 21.4
water content 23% 4% 16% 4%
Composition*
C [%dm] 54,0% 45,5% 52,4% 43,7%
N [%dm] 0,50% 0,43% 0,43% 0,50%
S [%dm] 0,23% 0,21% 0,22% 0,22%
Cl [%dm] 0,72% 0,74% 0,76% 0,74%
Cd [mg/kg dm] 6 6 6 6
Hg [mg/kg dm] 0,43 0,24 0,27 0,38
Pb [mg/kg dm] 135 135 140 145
* The composition of recovered fuels is calculated on the basis of substance groups. Measurements undertaken in the field are more accurate. Producers of recovered

fuels reported that the quality of recovered fuel is generally higher than shown in the table.

In Model Region 3 the highest share and amount of residual waste can be transferred into
recovered fuel. For instance, in the FP3 process more than 40% of the waste generated in
the region is finally used for fuel production. Moreover, in Model Region 3 the highest
heating values of FP2 and FP3-fuel are achieved.
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7.3.2 Internal Costs/Benefits compared to Landfill

A Internal Costs/Benefits, Model Region 3
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Figure 26: Internal costs/benefits of Model Region 3

In Model Region 3 the costs for labour and investments are higher than in Model Region 1
and 2. This means that the process costs arising in the analysed system are higher, too.
The energy costs, however, that can be saved through the use of recovered fuel remain in
the same order like in the other Model Regions. So, in Model Region 3 less benefits can be
achieved relatively to the costs linked with the preparation and co-combustion of recov-
ered fuel. As a consequence, the internal costs of most FP scenarios and of the I-mix sce-
nario are even higher than in Model Region 2 although in Model Region 3 more energy
from waste can be recovered and, hence, more fossil energy carriers can be saved.

The internal costs of the I-coal and I-gas scenario, however, are much smaller than in
Model Region 1 and 2. Here, the higher costs for labour and investments are also consid-
ered in the field of substitution. In these scenarios not only a fossil energy carrier but the
whole operation of a coal or a gas fired power plant (including labour and investment) is
substituted. So, the saved costs in the system of substituted primary energy production
rise in the same way like the costs in the analysed system. Because of the high calorific
value of residual waste (no separate collection of plastics) and because of the higher effi-
ciency of waste incineration (100%) the internal costs of these scenarios can be reduced
significantly.

In terms of the I-coal, I-gas, and also for the FP3-CFB scenario the benefits of saved pri-
mary energy production are even high enough to overcompensate the additional costs of
energy recovery compared to the alternative of full landfilling. This means that - without
considering externalities and saved emissions respectively - these three scenarios already
achieve a (small) benefit for the national welfare.
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7.3.3 External Costs/Benefits compared to Landfill

A External Costs/Benefits, Model Region 3
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Figure 27: External costs/benefits of Model Region 3

The external benefits in Model Region 3 are generally higher than in Model Region 2. The
higher calorific value of the waste and the higher efficiency of the incinerator lead to higher
CO, benefits and to higher external benefits consequently.

The incineration scenario I-mix even shows the highest external benefits among the ana-
lysed scenarios. The emissions of the processes forming the energy mix are generally
higher than the emissions of a coal or gas fired power plant or of a co-combustion proc-
esses powered with regular fuel. Combined with a 100% efficiency of MSWI, thus, the
highest external benefits can be achieved by substituting the European energy mix.

The 100% efficiency of MSWI also supports the FP1 scenarios whose external benefits be-
come even higher than the benefits of the FP3 scenarios.
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Figure 28:

Distribution of external costs/benefits in Model Region 3
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7.3.4 Cost-Benefit Balance compared to Landfill

CBB, Model Region 3
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Figure 29: CBB of Model Region 3

The cost-benefit balance of Model Region 3 is significantly better than the CBBs of Model
Region 1 and 2.

Under the circumstances of Model Region 3 the analysed scenarios achieve very similar
results. The reasons for that are, on the one hand, the high calorific value of the residual
waste and, on the other hand, waste incineration with a maximum of energy recovery
(100%). Under these circumstances, it makes almost no difference if the waste is directed
to an efficient fuel preparation process (FP3) or if the waste is directly fed into a waste in-
cinerator. Averaged over all scenarios investigated the benefit for the national economy is
in the order of 35-40 Euro/Inh..
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7.3.5 Energy Saved compared to Landfill

Energy Saved, Model Region 3
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Figure 30: Energy saved by means of energy recovery in Model Region 3

The amount of saved energy carriers in the FP 3 scenarios falls below the values observed
in the other scenarios. This is because of the rather high consumption of energy in the FP3
process in combination with the supporting conditions for direct incineration in Model Re-
gion 3.

The energy content of conventional energy carriers saved in Model Region 3 is in the order
of 4,200 - 5,000 MJ/Inh.. So, more than 15% of the average solid fuel consumption can be
substituted.
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8 SENSITIVITY ANALYSES

The objective of the sensitivity analyses is to identify the most driving parameters on the
result of the cost-benefit analysis.

As a first step a so called “Base Region” is defined. The Base Region acts as a reference for

the sensitivity analyses undertaken. It is characterised by middle ranged parameters.

Table 19:

Parameters characterising the Base Region

Parameter Base Region
(city of 500,000 inh.)
MSW generation 350 kg/Inh.

MSW composition

medium organic and
packaging (paper, plastics)
like in Model Region 2

amount of commercial and in-
dustrial waste

COMM: 65 kg/inh.
IND: 35 kg/inh.

separate collection system

glass, paper, metals, bio-

waste
like in Model Region 3
personnel cost factor 1
investment cost factor 1
energy cost factor 1
capacity of waste incinerator 150,000 t/a

saleable energy of
MSW incinerator

electric eff.: 10%
thermal eff.: 70%

averting cost factor

1

As a second step the parameters, which might be important for the result of the cost-
benefit analysis, are varied one after another. So, the influence of the different parameters
on the cost-benefit balance can clearly be demonstrated.

Sensitivity Analyses
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Figure 31: CBB of Base Region

Figure 31 shows the cost-benefit balance of the analysed scenarios for the parameters de-
scribing the Base Region. In the following the cost-benefit balance of the scenarios in the
Base Region will be compared with the cost-benefit balance resulting after a particular pa-

rameter is varied within a given range.

The following parameters will be investigated by means of sensitivity analyses:

waste generation
waste composition

amount of commercial/industrial
waste

separate collection system
investment/personnel cost

energy costs

capacity of the waste incinerator
saleable energy of waste incineration

residues of fuel preparation go to
landfill (including the examination
whether or not the Landfill Directive is
met)

examination period of landfilling

averting costs

Sensitivity Analyses

Page 60



April 01 |§lla| Waste to Recovered Fuel, CBA

Waste Generation

Range investigated: 300 kg/Inh.
350 kg/Inh. (Base Region)
400 kg/Inh.

CBB, Waste Generation
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Figure 32: Influence of the waste generation rate on the cost-benefit balance

In general, a higher waste generation rate means a higher energy input into the analysed sys-
tem. So, an increase of the waste generation rate of some 15% (350 kg/Inh. -=> 400 kg/Inh.)
leads to an increase of the energy input (as residual waste) of some 8%. The cost-benefit bal-
ance ranges in this order correspondingly.

Differences between the analysed scenarios regarding the range of 8% are caused by different
input specific costs of the processes in the analysed system. This is especially the case for
specific transport costs which are increasing the less waste is transported. This effect can es-
pecially be observed in the incineration as well as in the FP3 scenarios.
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Waste Composition

Range investigated: - high organic, low packaging (paper, plastics) - composition like in
Model Region 1 above

- medium organic and packaging (paper, plastics) - composition like in
Model Region 2 above (Base Region)

- low organic, high packaging (paper, plastics) - composition like in
Model Region 3 above
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Figure 33: Influence of the waste composition on the cost-benefit balance

The cost-benefit balance is rather sensitive on the “quality” of the waste generated. In terms
of energy recovery, a high percentage of combustibles in MSW significantly increases the cost-
benefit balance. However, even with a low share of combustibles and a high share of organics
the cost-benefit balance remains positive. A clear benefit for national welfare is still achievable.

Sensitivity Analyses Page 62



April 01 |§lla| Waste to Recovered Fuel, CBA

Amount of Commercial/Industrial Waste

Range investigated: - Commercial waste: 45 kg/Inh.
Industrial waste: 25 kg/Inh.

- Commercial waste: 65 kg/Inh.
Industrial waste: 35 kg/Inh. (Base Region)

- Commercial waste: 85 kg/Inh.
Industrial waste: 45 kg/Inh.
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Figure 34: Influence of the amount of commercial and industrial waste on the cost-
benefit balance

The composition of commercial/industrial waste assumed in the model is mainly dominated
by combustibles (see Table 12). So, the influence of the amount of commercial/industrial
waste on the cost-benefit balance is similar to the influence of the waste composition pre-
sented above. The higher the share of commercial/industrial waste and, hence, the higher the
share of combustibles the higher the cost-benefit balance can get. The variation of combusti-
bles shows a slightly higher influence on the FP scenarios than on the incineration scenarios.
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Separate Collection System

Range investigated: -low level of separate collection (glass, paper, biowaste) - the same
system like in Model Region 1 above

- medium level of separate collection (glass, paper, metals, biowaste) -
the same system like in Model Region 3 above

- high level of separate collection (glass, paper, metals, biowaste, plas-
tics) - the same system like in Model Region 2 above
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Figure 35: Influence of the separate collection system applied on the cost-benefit bal-
ance

A low level of separate collection means that most of the combustibles (paper, plastics) re-
main in residual waste and can be used for the purpose of energy and fuel recovery. Consid-
ering the definition chosen for the baseline scenario this means that it would be better to have
a low level of separate collection in order to increase the cost-benefit balance.

However, from that it can not be concluded that it is better to have a low level of separate
collection in principle. The benefits that are connected with separate collection are also part of
the baseline scenario. With the calculation of the cost-benefit balance these benefits are can-
celled out because the analysed scenarios (where the same benefits are included) are sub-
tracted from the baseline scenario. This means that the cost-benefit balance - like it is calcu-
lated in the cost-benefit analysis - can only be interpreted in view to the way of waste treat-
ment after secondary materials have been separated for recycling.

So, in the sensitivity analysis it can be shown that - in case of a high level of separate collec-
tion - energy recovery of the remaining waste is still beneficial although most of the combusti-
bles (paper, plastics) are directed to material recycling. Whether or not this high level of recy-
cling is beneficial for the national welfare has to be shown in a different study.

Sensitivity Analyses Page 64



April 01 |§lla| Waste to Recovered Fuel, CBA

Investment/Personnel Cost

Range investigated: - Factor 0.7

- Factor 1.0 (Base Region)
- Factor 1.3

CBB, Investment/Personnel Cost
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Figure 36: Influence of the investment and personnel cost on the cost-benefit balance

It is obvious that higher investment cost and personnel cost respectively will directly influence
the cost-benefit balance. The internal cost as an important part of the cost-benefit balance wiill
increase significantly. The benefits that can be achieved in form of saved energy costs, how-
ever, remain in the same order. As a consequence, the benefits can only cover a smaller part
of the costs which results in a lower cost-benefit balance in the end.

The contrary effect can be observed for smaller investment and personnel costs. Here, higher
cost-benefit balances are achieved.
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Energy Costs

Range investigated: - Factor 0.7

- Factor 1.0 (Base Region)
- Factor 1.3

CBB, Energy Costs
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Figure 37: Influence of the energy costs on the cost-benefit balance

The energy costs have only a minor effect on the cost-benefit balance. In the FP3 scenarios
the effect can hardly be noticed. In these scenarios the fuel preparation process is also rather
energy consuming (esp. heating oil). Moreover, the heating value of the residuals directed to
the incinerator is rather low which requires additional co-firing with natural gas in the incin-
erator. With the consumption of heating oil and natural gas in the analysed system additional
energy costs are arising which almost level out the higher benefits that can be achieved
through the higher cost level of regular fuels substituted.

The highest influence of the energy costs can be observed in the I-gas and I-mix scenarios.
Here, natural gas and the electricity/heat mix are substituted. Due to the higher energy costs
of gas and electricity/heat in comparison with the costs of coal an increase of the energy costs
shows a higher influence on the cost-benefit balance compared to the other scenarios where
(mainly) coal is substituted.
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Capacity of the Waste Incinerator
Range investigated: - 60,000 t/a
- 150,000 t/a (Base Region)

- 300,000 t/a
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Figure 38: Influence of the capacity of the waste incinerator on the cost-benefit balance

The capacity of the waste incinerator shows a major influence on the cost-benefit balance. The
reason for that is, on the one hand, that waste incineration plays an important role in every
analysed scenario and, on the other hand, that the business costs of waste incineration de-
pend very much on the capacity of the incinerator.

With a low capacity of the waste incinerator the internal costs are raising so much that in
some scenarios the external benefits are not big enough to compensate the internal costs suf-
ficiently. This, finally, results in negative cost-benefit balances.

With a high capacity, however, the internal costs decrease considerably and high benefits for
the national economy can be achieved. In this case the “pure” incineration scenario with the
substitution of a coal fired power plant even represents the best analysed scenario.
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Saleable Energy of Waste Incinerator

Range investigated: - 25% electricity

- 10% electricity; 70% heat (Base Region)
- 20% electricity; 80% heat
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Figure 39: Influence of the efficiency of the waste incinerator regarding saleable energy

on the cost-benefit balance

The amount of energy that can be sold from waste incineration shows also a big influence on
the cost-benefit-balance. The influence is increasing the more waste is directed to the waste
incinerator. In case of the I-gas scenario the cost-benefit balance even becomes negative
when only electricity can be sold.

In general, the high dependency of the analysed scenarios on the performance of the waste
incinerator (capacity, efficiency) results from the assumption that all residues of fuel prepara-
tion are directed to a waste incinerator.

In the following sensitivity analysis, however, the option of landfilling all residues will be ex-
amined.

Sensitivity Analyses Page 68



April 01 |§lla| Waste to Recovered Fuel, CBA

Residues of Fuel Preparation go to Landfill

Range investigated: - Residues of fuel preparation go directly to landfill

- Residues of fuel preparation go to incineration (Base Region)

A CBB, Residues of FP go to Landfill

I I I I

FP3-gasPC *ﬁ
FP3-PC 4*—'
FP3 - CFB 4*—'

FP3-CK

FP2 - gasPC

FP2-PC

FP2 - CFB

FP2 - CK

FP1 - gasPC

FP1-CFB

FP1-PC

FP1-CK

"miﬁ—
4—

| -gas

Y ,———————

T
0 5 10 15 20 25 30 35 40 45

EURO/Inh.
HBase Region OResidues to Landfill
Figure 40: Influence of landfilling the residues of fuel preparation on the cost-benefit bal-
ance

Instead of directing the residues of fuel preparation to a waste incinerator the residues can
also be directed to landfill.

In this case the FP1 and FP2 scenarios show a considerable reduction of the benefits
achieved. The reason for that is the rather high energy content of the residues which is “lost”
through landfilling. In case of directing the residues to an incinerator, the residues represent a
valuable input stream in view to the production of saleable energy. In case of landfilling, how-
ever, the residues are mainly broken down to CO, and CH, which considerably increases the
external costs and decreases the benefits of the respective scenarios consequently.

A different effect can be observed in the FP3 scenarios. Here, even higher benefits can be
achieved when the residues are directed to landfill. This results from the rather low energy
content of the residues leaving the FP3 process. In case of incineration, the low energy con-
tent requires additional co-firing which increases the internal costs of incineration. In case of
landfilling, the low energy content and the low content of carbon respectively leads to rather
low CO, and CH, emissions. So, the external costs of landfilling are only slightly higher than
the external costs of incineration. The internal costs of landfilling, however, are much lower
than the internal costs of incineration. In summary, in the FP3 scenarios better results for the
national economy can be achieved if the residues go directly to landfill.
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For the option of landfilling it is additionally examined whether or not the diversion require-
ments stated in the European Landfill Directive are met.

The Landfill Directive follows the strategy to reduce the amount of biodegradable municipal
waste going to landfills. The Directive aims at a reduction of biodegradable municipal waste to
35% of the total amount of biodegradable municipal waste produced.

In the following the limit of 35% is examined for each analysed scenario.
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Figure 41: CBB (in Euro/Inh.) and share of biodegradable waste landfilled (in % of biode-
gradable waste produced) in case of directing the residues of fuel preparation
to landfill

Figure 41 shows the cost-benefit balance as well as the share of biodegradable waste land-
filled for each analysed scenario. The figure also shows the borderline of 35% stated in the
Landfill Directive.

In the FP1 and FP2 scenarios the share of biodegradable municipal waste is far above the bor-
derline of 35%. In these scenarios nearly 50% of the biodegradable municipal waste produced
finally go to landfill. So, compared to incineration, the option of directing the residues to land-
fill achieves not only a lower cost-benefit balance (see Figure 40 above) but it is also not in
line with the Landfill Directive. This means that the residues have to go to a further treatment
such as incineration or biological treatment in any case.

In the FP3 scenarios, however, the share of biodegradable municipal waste landfilled is in the
order of 25% and, thus, in line with the Landfill Directive.

In summary, it is better to direct residues of fuel preparation to landfill on the pre-condition
that the fuel preparation process shows a high efficiency regarding the separation and pro-
duction of recovered fuel. In this case, the share of municipal biodegradable waste going to
landfill also falls below the border stated in the Landfill Directive.

Sensitivity Analyses Page 70



April 01 |§lla| Waste to Recovered Fuel, CBA

Examination Period of Landfilling

Range investigated: - 100 years

- 10,000 years (Base Region)
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Figure 42: Influence of the examination period of landfilling on the cost-benefit balance

In this sensitivity analysis the examination period of landfilling is reduced from 10,000 years to
100 years. This means that a considerable amount of the elements landfilled has not left the
landfill in form of gaseous or liquid emissions. So, for instance, approximately half of the car-
bon, that has been landfilled, is still in the landfill body™.

The sensitivity analysis shows that under an examination period of 100 years the cost-benefit
balance of the initial base region is reduced by about 40%. The contribution of the baseline
scenario (landfilling) on the external benefits is reduced from more than 50% to about 25%.
This indicates that roughly half of the environmental effects of landfilling are already occurring
in the first period after the waste has been landfilled. The most driving effect in this connec-
tion is the formation and emission of methane.

*The transfer-coefficients of landfilling for both examination periods 10,000 and 100 years are listed in the Appendix (chapter 4).
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Averting Costs

Range investigated: - Factor 0.7

- Factor 1.0 (Base Region)

- Factor 1.3
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Figure 43: Influence of the averting costs on the cost-benefit balance

As the external benefits play an important role in the calculation of the cost-benefit balance a
variation of the averting costs has a significant influence on the final result®’. The cost-benefit
balance, however, would remain positive until the averting costs are reduced to a quarter (re-
duction factor of 0.25).

*The averting costs are - besides the emission rates themselves- the second factor of calculating the external costs.
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Overview of Sensitivities

The following figure provides an comparative overview of the sensitivities investigated. In the
figure, however, only those input parameters are shown which are varied along a certain scale
within an appropriate range. So, the influence of directing the residues of fuel preparation to
landfill or the influence of a shorter examination period of landfilling are not shown in the fig-

ure below.

However, other sensitivities, which have not been discussed before, are included in the figure

below. These sensitivities are

¢ the influence of fuel preparation costs,

¢ the share of C-biogenic, and

« the yield of recovered fuel.
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Figure 44:

Comparative overview of sensitivities

The significance of input parameters to the results can be grouped in the following order:

1. The (external) averting costs have the greatest influence on the results. They affect land-
filling the most, because of the long calculation period, 10,000 years, without discounting.
A calculation period of 100 years for landfilling roughly reduces the results by one third,
but does not change the overall conclusions or affect the internal ranking of the analysed

recovery scenarios.

2. The energy efficiency and size of the MSW incinerator. The influence of (direct) labour and
investment costs are also high. It is noted that Fuel Recovery in general is a decentralised
option involving smaller units, more job opportunities and less investment compared to

dedicated MSW mass burn facilities.

Sensitivity Analyses

Page 73



April 01 |§lla| Waste to Recovered Fuel, CBA

3. The amount of waste and especially the amount of non-recyclable combustible waste. This
makes Fuel Recovery a favoured option in industrialised regions.

4. The share of biogenic carbon in combustible waste and the yield of recovered fuel have a
less significant influence on the results.

5. The (direct) costs of primary energy sources and of recovered fuel production affect the
results only to a minor degree.
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9 CONCLUSION

The cost-benefit analysis demonstrates that it is beneficial for the national economy to direct
residual waste to processes carrying out energy recovery. The level of the benefits achieved,
however, depends very much on the particular circumstances given.

High benefits can be achieved when the share of combustibles in residual waste (paper, plas-
tics) is high and when the waste is directed to fuel preparation processes.

In terms of the fuel preparation processes it is desirable to have a high productivity regarding
the separation of combustibles and the production of recovered fuel respectively. The more
fuel can be recovered from residual waste the more regular fuels can be saved and the more
benefits for the national economy can be achieved consequently. In principle, highest benefits
are achieved when a maximum of waste is diverted from landfill.

Within the limitations of the computer model it is shown that the type of co-combustion facil-
ity, in which the recovered fuel is finally used, has only a minor effect on the cost-benefit bal-
ance.

Residual waste directed to waste incineration is also beneficial for the national economy.
Here, however, the extent of saleable energy (electricity, district heat, industrial heat) as well
as the capacity of the waste incinerator play an important role. So, high benefits can be
achieved if a maximum of energy can be sold and if the business costs of waste incineration
are low. Low business costs of waste incineration are given when the capacity of the waste
incinerator is high.

Besides the saleability of energy and the capacity of the incinerator, the cost-benefit balance is
also largely influenced by the type of conventional energy production which can be saved
through waste incineration in fact. Here, the highest benefits can be achieved if coal fired
power plants are substituted. Rather low or even negative cost-benefit balances result if the
operation of gas fired power plants is saved.

All analysed scenarios show a significant reduction of greenhouse gas emissions, carbon di-
oxide and methane. The reduction is proportionate to the diversion from landfill and yield of
recovered fuel.

When a high yield fuel recovery option is employed, it is possible to direct production rejects
to landfill and still meet the diversion requirements of the Landfill Directive.

Averaged over a number of scenarios and regional conditions investigated the annual
welfare economic benefit, which can be achieved for the national welfare, is in the order
of 15 - 40 Euro/person. The study shows that fuel and energy recovery can save 2 - 5
GJ/person (= 50 - 125 kg of oil equivalent). This corresponds to some 10 % of the solid
fuel consumption and to 2 - 4 % of total fossil fuel consumption in Europe. It is a signifi-
cant contribution to the Kyoto targets.

The cost-benefit analysis undertaken concentrates on the management of residual waste from
households and commercial/industrial facilities after secondary materials have been separated
for material recycling. So, separate collection and material recycling - esp. of high calorific
fractions such as paper/cardboard and plastics - are not questioned.
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11 APPENDIX

11.1 Results of the Cost-Benefit Analysis

11.1.1Model Region 1

energy content [MJ/Inh.]

Model Region BS (baseline) I - coal
analysed saved primar . analysed saved primar .
1 y primary Difference y primary Difference
system production system production
Cost Benefit Analysis

Internal Costs [Euro/Inh.] 52 126 74| 73 133 -59
External Costs [Euro/Inh.] 28 13 15 16 22 -6
Total [Euro/Inh.] 80 139 -59 89 155 -65
Energy consumed produced substituted (incl. consumed produced substituted (incl.

subst. E-mix) subst. E-mix)
electricity [kWh/Inh.] 9.0 44,7 48,5 415 220,7 195,2
heat household [KWhinh ] 00 00 0.0 00 00 00
heat industrial [KWh/Inh.] 0.0 0.0 0.0 0.0 0.0 0.0

Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [Va] 1.747.301 0 1.747.301 1.561.908 0 1.561.908
fuel oi [/a] 0 0 0 186.288 193.273 -6.986
hard coal [/a] 0 0 0 70 31.727 -31.657
Liignite [vay 0 0 9 0 0 0
natural gas [m¥al 310.449 686.203 -375.754 3.304.356 686.203 2.618.153
213 143 70 671 1.933 -1.262

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl_[%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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Model Region I - gas I - mix
analysed saved primar . analysed saved primar .
1 Y primary Difference Y primary Difference
system production system production
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 73 134 -60 73 135 -61
External Costs [Euro/Inh.] 16 16 0 16 26 -10]
Total [Euro/Inh.] 89 150 -60 89 161 -71
substituted (incl. substituted (incl.
Energy consumed produced subst. E-mix) consumed produced subst, E-mix)
electricity [KWh/Inh.] 415 220,7 1952 41,5 220,7 1952
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0.0 0.0 0.0
Energy Carrier consumed substituted Difference consumed substituted Difference
. 1.567.929 0 1.567.929 1.567.929 0 1.567.929
diesel [I/a]
) 186.288 193.273 -6.986 186.288 193.273 -6.986
fuel oil [I/a]
hard coal [va] 70 2.212 -2.142 70 2.212 -2.142
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥/a] 3.304.356 17.056.513 -13.752.157, 3.304.356 686.203 2.618.153
671 1.501 -829) 671 303 369

energy content [MJ/Inh.]

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl [%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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Model Region FP1-CK FP1 - CFB
! ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 72 134 -62 70 133 -63
External Costs [Euro/Inh.] 23 34 -11] 17 26 -10]
Total [Euro/Inh.] 95 168 -73 87 159 -73
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 51,8 132,9 101,1 51,8 255,8 224,0
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [kWh/Inh ] 0.0 315,9 3159 0.0 1755 1755
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.359.688 0 2.359.688 2.363.170 0 2.363.170
fuel oil ia] 280.888 1.919.582 -1.638.693 280.888 357.621 -76.733
hard coal [ta] 103 37.281 -37.179 103 43.389 -43.287
lignite [t/a] 0 9.597 -9.597 0 0 0
natural gas [m¥al 2.521.967 1.075.316 1.446.651 2.521.967 695.543 1.826.424
energy content [MJ/inh.] 754 2.629 -1.875 754 2.619 -1.865
Recovered Fuel FP1 - fluff FP1 - fluff
amount_[kg/Inh.] 80,6 80,6
heating value [MJ/t] 15.683 15.683
water content 24,6% 24,6%
Composition
C [odm] 52,8% 52,8%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 5.1 51
Hg [mg/kg dm] 049 0.49
Pb_[mg/kg dm] 130 130

430 430

Zn [mg/kg dm]

APPENDIX

Page 80



April 01 @ Waste to Recovered Fuel, CBA

Model Region FP1-PC FP1 - gasPC

1 R e e e
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 73 133 -60 71 133 -62
External Costs [Euro/Inh.] 17 27 -10] 17 26 -10]
Total [Euro/Inh.] 91 160 -69 88 159 -72
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 58,4 291,5 252,9 52,5 283,9 251,3
heat household [kWh/Inh] 0.0 0.0 0.0 0.0 0.0 0.0
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.355.867 0 2.355.867 2.363.240 0 2.363.240
fuel oil ia] 278.604 355.252 -76.647 280.888 357.621 -76.733
hard coal [ta] 102 44.435 -44.333 103 43.389 -43.287
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 3.444.737 695.543 2.749.194 2.521.967 695.543 1.826.424
energy content [MJ/inh.] 869 2.677 -1.807 760 2.619 -1.860
Recovered Fuel FP1 - pellets FP1 - fluff
amount_[kg/Inh.] 62,6 80,6
heating value [MJ/t] 20.756 15.683
water content 4,0% 24,6%
Composition
C [o%dm] 44,7% 52,8%
N [%6dm] 0,4% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 59 51
Hg [mg/kg dm] 027 0.49
Pb_[mg/kg dm] 130 130
292 430

Zn [mg/kg dm]
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Model Region FP2 - CK FP2 - CFB
! ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 75 137 -62 74 136 -62
External Costs [Euro/Inh.] 25 41 -16 17 31 -14)
Total [Euro/Inh.] 101 178 =77 91 167 -76
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 56,5 113,0 106,1 56,5 271,2 264,3
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [kWh/Inh ] 0.0 4068 4068 0.0 226,0 226,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.048.905 0 2.048.905 2.052.000 0 2.052.000
fuel oil ia] 392.875 3.244.411 -2.851.536 392.875 1.232.898 -840.023
hard coal [ta] 116 39.742 -39.627 116 47.609 -47.493
lignite [t/a] 0 12.360 -12.360 0 0 o
natural gas [m¥al 2.469.124 1.291.709 1.177.415 2.469.124 802.633 1.666.492
energy content [MJ/inh.] 772 3.155 -2.383 772 3.142 -2.370
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount_[kg/Inh.] 89,9 89.9
heating value [MJ/t] 18.107 18.107
water content 16,0% 16,0%
Composition
C [odm] 50,9% 50,9%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 5.6 56
Hg [mg/kg dm] 031 0.31
Pb_[mg/kg dm] 131 131

309 309

Zn [mg/kg dm]
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Model Region FP2-PC FP2 - gasPC

! ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 74 136 -62 75 136 -61
External Costs [Euro/Inh.] 17 31 -14 17 31 -14)
Total [Euro/Inh.] 91 167 -76 92 167 -75
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 59,1 307,4 297,9 57,4 307,4 299,6
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.052.062 0 2.052.062 2.052.062 0 2.052.062
fuel oil ia] 392.875 1.232.898 -840.023 392.875 1.232.898 -840.023
hard coal [ta] 116 47.609 -47.493 116 47.609 -47.493
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 2.469.124 802.633 1.666.492 2.469.124 802.633 1.666.492
energy content [MJ/inh.] 790 3.142 -2.352 778 3.142 -2.364
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount_[kg/Inh.] 89,9 89.9
heating value [MJ/t] 18.107 18.107
water content 16,0% 16,0%
Composition
C [odm] 50,9% 50,9%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 5.6 56
Hg [mg/kg dm] 031 0.31
Pb_[mg/kg dm] 131 131
309 309

Zn [mg/kg dm]
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Model Region FP3 - CK FP3 - CFB
1 ot [t | omeance | pabeet Temenmey T oernce

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 66 134 -69 61 132 71
External Costs [Euro/Inh.] 35 50 -15) 20 32 -12]
Total [Euro/Inh.] 101 184 -83 81 165 -83
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 73,1 45,3 -11,7 68,9 315,2 262,6
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [kWh/Inh ] 0.0 694,2 694.2 0.0 385,7 385,7
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 1.652.883 0 1.652.883 1.657.013 0 1.657.013
fuel oil ia] 4.489.316 3.639.790 849.526 4.489.316 207.330 4.281.986
hard coal [t/a] 75 44.392 -44.317 75 57.814 -57.740
lignite [t/a] 0 21.091 -21.091 0 0 o
natural gas [m¥al 2.609.779 1.520.767 1.089.011 2.609.779 686.203 1.923.575
energy content [MJ/inh.] 1.192 3.398 -2.206 1.162 3.376 -2.215
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount [kg/Inh.] 142 142
heating value [MJ/t] 19.517 19.577
\water content 4,0% 4,0%
Composition
C [o%dm] 40,6% 40,6%
N [%6dm] 0,6% 0,6%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 5.1 51
Hg [mg/kg dm] 0,45 0,45
Pb_[mg/kg dm] 136 136

387 387

Zn [mg/kg dm]
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Model Region FP3-PC FP3 - gasPC

! ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 62 132 -71 63 132 -69
External Costs [Euro/Inh.] 20 32 -12) 20 32 -12]
Total [Euro/Inh.] 82 165 -83 83 165 -81
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 72,8 376,9 320,3 70,1 376,9 323,0
heat household [kWhinh.] 00 00 0.0 00 0.0 00
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 1.657.095 0 1.657.095 1.657.095 0 1.657.095
fuel oil ia] 4.489.316 207.330 4.281.986 4.489.316 207.330 4.281.986
hard coal [ta] 75 57.814 -57.740 75 57.814 -57.740
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 2.609.779 686.203 1.923.575 2.609.779 686.203 1.923.575
energy content [MJ/inh.] 1.190 3.376 -2.186 1171 3.376 -2.206
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount [kg/Inh.] 142 142
heating value [MJ/t] 19.517 19.577
\water content 4,0% 4,0%
Composition
C [o%dm] 40,6% 40,6%
N [%6dm] 0,6% 0,6%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 5.1 51
Hg [mg/kg dm] 045 0.45
Pb_[mg/kg dm] 136 136
387 387

Zn [mg/kg dm]
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11.1.2Model Region 2

energy content [MJ/Inh.]

Model Region BS (baseline) I - coal
analysed saved primar . analysed saved primar .
2 Y primary Difference Y primary Difference
system production system production
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 101 134 -33 127 156 -30
External Costs [Euro/Inh.] 31 17 14] 21 35 -13
Total [Euro/Inh.] 132 151 -19 148 191 -43
substituted (incl. substituted (incl.
Energy consumed produced subst. E-mix) consumed produced subst, E-mix)
electricity [KWh/Inh.] 359 35,7 56,2 64,0 94,5 89,5
heat household [kWh/inh] 0.0 0.0 0.0 81 4629 454.8
heat industrial [KWh/Inh ] 0.0 0.0 0.0 35 1984 194,9
Energy Carrier consumed substituted Difference consumed substituted Difference
. 2.819.784 0 2.819.784 2.628.153 0 2.628.153
diesel [I/a]
) 168.956 799.930 -630.973 330.837 967.881 -637.044
fuel oil [I/a]
hard coal [va] 41 1.318 -1.277 102 55.500 -55.398
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥/a] 1.064.531 3.157.362 -2.092.831 3.666.194 3.157.362 508.832
554 772 -218 949 3.797 -2.849

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl [%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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Model Region I - gas I - mix
analysed saved primar . analysed saved primar .
2 Y primary Difference Y primary Difference
system production system production
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 127 158 -31 127 148 -21
External Costs [Euro/Inh.] 22 27 -5 22 39 -18
Total [Euro/Inh.] 149 185 -37 149 187 -38
substituted (incl. substituted (incl.
Energy consumed produced subst. E-mix) consumed produced subst, E-mix)
electricity [KWh/Inh.] 64.0 94,5 89,5 64,0 94,5 89,5
heat household [kWhinh.] 81 462,9 454.8 81 462,9 454.8
heat industrial [KWh/Inh ] 3.5 1984 194,9 35 1984 194,9
Energy Carrier consumed substituted Difference consumed substituted Difference
' 2.638.814 0 2.638.814 2.638.814 0 2.638.814
diesel [I/a]
. 330.837 967.881 -637.044 330.837 967.881 -637.044
fuel oil [I/a]
hard coal [va] 102 3.241 -3.139 102 3.241 -3.139
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥/a] 3.666.194 42.591.372 -38.925.178 3.666.194 3.157.362 508.832
950 3.797 -2.848 950 911 39

energy content [MJ/Inh.]

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl [%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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Model Region FP1-CK FP1 - CFB
4 ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 122 150 -28 119 149 -30
External Costs [Euro/Inh.] 29 45 -16 22 36 -14)
Total [Euro/Inh.] 151 195 -44 141 185 -44
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 72,0 52,2 42,1 72,0 200,2 190,1
heat household [kWh/Inh] 55 2857 250.2 55 2557 2502
heat industrial [KWh/Inh ] 24 490.2 487,8 24 3210 3187
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.284.157 0 3.284.157 3.287.359 0 3.287.359
fuel oil ia] 391.215 2.963.852 -2.572.636 391.215 1.081.945 -690.730
hard coal [ta] 122 52.655 -52.533 122 60.014 -59.892
lignite [t/a] 0 11.563 -11.563 0 0 o
natural gas [m¥al 2.837.168 3.622.180 -785.012) 2.837.168 3.164.616 -327.448
energy content [MJ/inh.] 999 4.089 -3.090 999 4.077 -3.078
Recovered Fuel FP1 - fluff FP1 - fluff
amount_[kg/Inh.] 7.1 87.1
heating value [MJ/t] 17471 17411
water content 22,4% 224%
Composition
C [odm] 55,0% 55,0%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.2 6.2
Hg [mg/kg dm] 047 0.47
Pb_[mg/kg dm] 143 143

426 426

Zn [mg/kg dm]
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Model Region FP1-PC FP1 - gasPC

2 R e e e
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 124 149 -26 121 149 -29
External Costs [Euro/Inh.] 22 37 -15) 22 36 -14)
Total [Euro/Inh.] 146 186 -40 142 185 -43
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 79,4 242,6 225,1 72,8 234,0 223,1
heat household [kWh/Inh] 57 2619 256.2 55 2557 2502
heat industrial [kWh/Inh ] 24 112.2 109.8 24 109.6 107,2
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.276.704 0 3.276.704 3.287.423 0 3.287.423
fuel oil ia] 389.539 1.080.206 -690.667] 391.215 1.081.945 -690.730
hard coal [ta] 122 61.785 -61.664 122 60.014 -59.892
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 3.816.098 3.164.616 651.482 2.837.168 3.164.616 -327.448
energy content [MJ/inh.] 1.123 4.175 -3.051 1.005 4.077 -3.072
Recovered Fuel FP1 - pellets FP1 - fluff
amount [kg/Inh.] 711 87.1
heating value [MJ/t] 22.256 17.471
water content 4,0% 224%
Composition
C [o%dm] 46,7% 55,0%
N [%6dm] 0,4% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.8 6.2
Hg [mg/kg dm] 026 0.47
Pb_[mg/kg dm] 142 143
302 426

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region FP2 - CK FP2 - CFB
4 ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 126 151 -25 123 150 -27
External Costs [Euro/Inh.] 31 51 -20] 22 40 -18
Total [Euro/Inh.] 157 202 -45 145 189 -44
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 76,5 42,3 50,8 76,5 233,0 2415
heat household [kWh/Inh] 5.0 207.5 2025 50 2075 2025
heat industrial [kWh/Inh ] 2.1 579.2 5771 21 3613 359.2
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.055.765 0 3.055.765 3.058.944 0 3.058.944
fuel oil ia] 473.554 4.183.384 -3.709.831 473.554 1.759.320 -1.285.766
hard coal [ta] 131 53.267 -53.136 131 62.746 -62.616
lignite [t/a] 0 14.895 -14.895 0 0 o
natural gas [m¥al 2.720.438 3.837.510 -1.117.072 2.720.438 3.248.126 -527.688
energy content [MJ/inh.] 1.013 4.469 -3.455 1.013 4.453 -3.440
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount [kg/Inh.] 1028 1028
heating value [MJ/t] 19.076 19.076
water content 16,0% 16,0%
Composition
C [odm] 52,5% 52,5%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.3 6.3
Hg [mg/kg dm] 029 0.29
Pb_[mg/kg dm] 141 141

316 316

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA

Model Region FP2-PC FP2 - gasPC

2 R e e e
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 124 150 -26 125 150 -25
External Costs [Euro/Inh.] 22 40 -17] 22 40 -17]
Total [Euro/Inh.] 146 189 -43 147 189 -43
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 79,3 276,6 282,2 77,4 276,6 284,1
heat household [kWh/Inh] 5.0 207.5 2025 50 2075 2025
heat industrial [kWh/Inh ] 2.1 88.9 86,8 2.1 88,9 86.8
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.059.008 0 3.059.008 3.059.008 0 3.059.008
fuel oil ia] 473.554 1.759.320 -1.285.766 473.554 1.759.320 -1.285.766
hard coal [ta] 131 62.746 -62.616 131 62.746 -62.616
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 2.720.438 3.248.126 -527.688 2.720.438 3.248.126 -527.688
energy content [MJ/inh.] 1.034 4.453 -3.419 1.020 4.453 -3.433
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount_[kg/Inh.] 1028 1028
heating value [MJ/t] 19.076 19.076
water content 16,0% 16,0%
Composition
C [odm] 52,5% 52,5%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.3 6.3
Hg [mg/kg dm] 029 0.29
Pb_[mg/kg dm] 141 141
316 316

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region FP3 - CK FP3 - CFB
4 ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 117 145 -28 111 143 -33
External Costs [Euro/Inh.] 39 57 -18 24 39 -15)
Total [Euro/Inh.] 156 202 -46 135 183 -48
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 90,6 18,7 -12,9 86,4 306,8 2794
heat household [kWhinh.] 32 918 88,5 32 918 88,5
heat industrial [kWh/Inh.] 14 780,2 778,8 14 450,9 4495
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.726.684 0 2.726.684 2.729.973 0 2.729.973
fuel oil ia] 3.917.485 4.626.722 -709.237, 3.917.485 963.513 2.953.973
hard coal [ta] 100 52.385 -52.285 100 66.710 -66.610
lignite [t/a] 0 22.508 -22.508 0 0 o
natural gas [m¥al 2.291.873 4.048.030 -1.756.157 2.291.873 3.157.362 -865.489
energy content [MJ/inh.] 1.328 4.439 -3.111 1.298 4.416 -3.117
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount [kg/Inh.] 140 140
heating value [MJ/t] 21139 21.139
\water content 4,0% 4,0%
Composition
C [o%dm] 43,9% 43,9%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.1 6.1
Hg [mg/kg dm] 0,44 0,44
Pb_[mg/kg dm] 152 152

396 396

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA

Model Region FP3-PC FP3 - gasPC

4 ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 111 143 -32 113 143 -30
External Costs [Euro/Inh.] 24 39 -15) 24 39 -15)
Total [Euro/Inh.] 136 183 -47 137 183 -45
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 90,3 372,7 341,3 87,7 372,7 344,0
heat household [kWhinh.] 32 918 88,5 32 918 88,5
heat industrial [KWh/Inh ] 14 393 37,9 14 393 37.9
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.730.039 0 2.730.039 2.730.039 0 2.730.039
fuel oil ia] 3.917.485 963.513 2.953.973 3.917.485 963.513 2.953.973
hard coal [ta] 100 66.710 -66.610 100 66.710 -66.610
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 2.291.873 3.157.362 -865.489) 2.291.873 3.157.362 -865.489
energy content [MJ/inh.] 1.327 4.416 -3.089 1.307 4.416 -3.108
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount [kg/Inh.] 140 140
heating value [MJ/t] 21139 21.139
\water content 4,0% 4,0%
Composition
C [o%dm] 43,9% 43,9%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.1 6.1
Hg [mg/kg dm] 0,44 0,44
Pb_[mg/kg dm] 152 152
396 396

Zn [mg/kg dm]
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April 01

G

Waste to Recovered Fuel, CBA

11.1.3Model Region 3

energy content [MJ/Inh.]

Model Region BS (baseline) I - coal
analysed saved primar . analysed saved primar .
3 Y primary Difference Y primary Difference
system production system production
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 105 130 -25 151 177 -27
External Costs [Euro/Inh.] 39 16 23 26 47 -22]
Total [Euro/Inh.] 144 147 -2 176 224 -48
substituted (incl. substituted (incl.
Energy consumed produced subst. E-mix) consumed produced subst, E-mix)
electricity [KWH/inh ] 24,1 49,4 70,3 61,9 263,9 250,6
heat household [kWh/inh] 0.0 0.0 0.0 156 1.0554 1.039.8
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0.0 0.0 0.0
Energy Carrier consumed substituted Difference consumed substituted Difference
. 2.447.717 0 2.447.717 2.173.561 0 2.173.561
diesel [I/a]
) 88.632 215.631 -126.999 306.518 441.688 -135.170
fuel oil [I/a]
hard coal [va] 29 917 -888 110 95.715 -95.605
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥/a] 854.629 1.986.915 -1.132.286 4.356.369 1.986.915 2.369.454
420 537 -117, 950 5.817 -4.867

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl [%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region I - gas I - mix
analysed saved primar . analysed saved primar .
3 Y primary Difference Y primary Difference
system production system production
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 151 179 -28 151 156 -5
External Costs [Euro/Inh.] 26 34 -8 26 61 -35)
Total [Euro/Inh.] 177 212 -35 177 217 -40
substituted (incl. substituted (incl.
Energy consumed produced subst. E-mix) consumed produced subst, E-mix)
electricity [kWh/inh.] 619 2639 250,6 61,9 2639 250,6
heat household [kWh/inh] 15,6 1.055,4 1.039,8 15,6 1.055,4 1.039,8
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0.0 0.0 0.0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.192.372 0 2.192.372 2.192.372 0 2.192.372
fuel oil [Va] 306.518 441.688 -135.170 306.518 441.688 -135.170
hard coal [va] 110 3.504 -3.394 110 3.504 -3.394,
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥/a] 4.356.369 71.568.270 -67.211.901, 4.356.369 1.986.915 2.369.454
952 5.817 -4.865 952 724 228

energy content [MJ/Inh.]

Recovered Fuel

amount [kg/Inh.]

heating value [MJ/t]

\water content

Composition

C [%dm]

N_[%dm]

S [%dm]

Cl [%dm]

Cd [mg/kg dm]

Hg [mg/kg dm]

Pb [mg/kg dm]

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region FP1-CK FP1 - CFB
3 ystom | production | Diference | I | % oduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 144 165 -20 141 164 -23
External Costs [Euro/Inh.] 35 57 -22) 27 47 -21
Total [Euro/Inh.] 179 222 -43 168 211 -43
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 73,7 168,0 147,4 73,7 3358 315,2
heat household [kWh/inh] 11,2 671,9 660,7 11,2 671,9 660,7
heat industrial [kWh/Inh ] 0.0 4315 4315 0.0 239,7 2397
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.109.027 0 3.109.027 3.145.265 0 3.145.265
fuel oil ia] 413.043 2.763.053 -2.350.010 413.043 629.707 -216.664
hard coal [ta] 147 86.021 -85.874 147 94.363 -94.216
lignite [t/a] 0 13.108 -13.108 0 0 0
natural gas [m¥al 3.372.554 2.516.547 856.007] 3.372.554 1.997.848 1.374.706
energy content [MJ/inh.] 1.041 5.805 -4.763 1.044 5.791 -4.747
Recovered Fuel FP1 - fluff FP1 - fluff
amount_[kg/Inh.] 101.9 101.9
heating value [MJ/t] 16.942 16.942
water content 22,8% 22,8%
Composition
C [odm] 54,0% 54,0%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 57 57
Hg [mg/kg dm] 043 0.43
Pb_[mg/kg dm] 135 135

407 407

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA

Model Region FP1-PC FP1 - gasPC

3 ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 147 164 -18 142 164 -21
External Costs [Euro/Inh.] 27 48 -21] 27 47 -20)
Total [Euro/Inh.] 174 212 -38 169 211 -41
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 82,3 386,8 357,7 74,6 374,1 352,7
heat household [kWh/inh] 11,4 682,3 670,9 11,2 671,9 660,7
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 3.126.705 0 3.126.705 3.113.044 0 3.113.044
fuel oil ia] 409.332 625.857 -216.525 413.043 629.707 -216.664
hard coal [ta] 146 96.745 -96.600 147 94.363 -94.216
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 4.515.356 1.997.848 2.517.508 3.372.554 1.997.848 1.374.706
energy content [MJ/inh.] 1.187 5.922 -4.734 1.048 5.791 -4.743
Recovered Fuel FP1 - pellets FP1 - fluff
amount_[kg/Inh.] 83,6 101.9
heating value [MJ/t] 21671 16.942
water content 4,0% 22,8%
Composition
C [o%dm] 45,5% 54,0%
N [%6dm] 0,4% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 6.4 57
Hg [mg/kg dm] 024 0.43
Pb_[mg/kg dm] 135 135
299 407

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region FP2 - CK FP2 - CFB
3 R e e e

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 150 163 -13 146 162 -15
External Costs [Euro/Inh.] 39 66 -27 27 51 -24)
Total [Euro/Inh.] 189 229 -40 173 213 -40
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 80,3 129,6 137,1 80,3 376,0 3834
heat household [kWh/Inh] 9.8 5185 508.7 9.8 5185 508,7
heat industrial [kWh/Inh ] 0.0 633,4 6334 0.0 3519 3519
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.789.311 0 2.789.311 2.825.538 0 2.825.538
fuel oil ia] 533.922 4.775.786 -4.241.864 533.922 1.643.780 -1.109.858
hard coal [ta] 159 83.602 -83.444] 159 95.850 -95.692
lignite [t/a] 0 19.245 -19.245 0 0 o
natural gas [m¥al 3.146.394 2.884.729 261.665 3.146.394 2.123.217 1.023.177
energy content [MJ/inh.] 1.059 6.231 -5.171 1.062 6.211 -5.149
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount_[kg/Inh.] 1310 1310
heating value [MJ/t] 19.340 19.340
water content 16,0% 16,0%
Composition
C [odm] 52,4% 52,4%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.4 6.4
Hg [mg/kg dm] 027 0.27
Pb_[mg/kg dm] 140 140

318 318

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA

Model Region FP2-PC FP2 - gasPC

3 ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 147 162 -15 148 162 -13
External Costs [Euro/Inh.] 27 51 -24 27 51 -24)
Total [Euro/Inh.] 174 213 -39 175 213 -37
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 84,0 432,3 436,0 81,5 432,3 438,5
heat household [kWh/Inh] 9.8 5185 508.7 9.8 5185 508,7
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.793.316 0 2.793.316 2.793.316 0 2.793.316
fuel oil ia] 533.922 1.643.780 -1.109.858 533.922 1.643.780 -1.109.858
hard coal [ta] 159 95.850 -95.692 159 95.850 -95.692
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 3.146.394 2.123.217 1.023.177 3.146.394 2.123.217 1.023.177
energy content [MJ/inh.] 1.086 6.211 -5.125 1.068 6.211 -5.143
Recovered Fuel FP2 - soft pellets FP2 - soft pellets
amount_[kg/Inh.] 1310 1310
heating value [MJ/t] 19.340 19.340
water content 16,0% 16,0%
Composition
C [odm] 52,4% 52,4%
N [%6dm] 0,4% 0,4%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,8% 0,8%
cd [mg/kg dm] 6.4 6.4
Hg [mg/kg dm] 027 0.27
Pb_[mg/kg dm] 140 140
318 318

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model Region FP3 - CK FP3 - CFB
3 etem | praduction” | Piflerence | ST | Sroduction | Diference

Cost Benefit Analysis
Internal Costs [Euro/Inh.] 130 148 -18 119 145 -26
External Costs [Euro/Inh.] 51 75 -23 30 49 -19
Total [Euro/Inh.] 181 222 -41 149 194 -45
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 99,1 42,1 -8,3 93,0 464,1 419,8
heat household [kWh/Inh] 55 168.4 162,9 55 1684 162,9
heat industrial [kWh/inh ] 0,0 1.085,2 1.085,2 0,0 602,9 602,9
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.292.180 0 2.292.180 2.296.763 0 2.296.763
fuel oil ia] 5.308.359 5.806.909 -498.550 5.308.359 441.408 4.866.951
hard coal [ta] 110 75.169 -75.059 110 96.151 -96.041
lignite [t/a] 0 32.968 -32.968 0 0 0
natural gas [m¥al 2.554.062 3.291.476 -737.414| 2.554.062 1.986.915 567.147
energy content [MJ/inh.] 1.487 5.875 -4.389) 1.443 5.841 -4.398
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount_[kg/Inh.] 203 203
heating value [MJ/t] 21.383 21.383
\water content 4,0% 4,0%
Composition
C [o%dm] 43,7% 43,7%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 6.1 6.1
Hg [mg/kg dm] 038 0.38
Pb_[mg/kg dm] 145 145

374 374

Zn [mg/kg dm]
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April 01 |§lla| Waste to Recovered Fuel, CBA

Model Region FP3-PC FP3 - gasPC

3 ystom | production | Diference | I | % oduction | Diference
Cost Benefit Analysis
Internal Costs [Euro/Inh.] 120 145 -25 124 145 -21
External Costs [Euro/Inh.] 30 49 -19 30 49 -19
Total [Euro/Inh.] 150 194 -44 153 194 -41
Energy consumed produced suz:;;uéi?i;)im" consumed produced Sug:lfisiyé?n?i;)inc"
electricity [kWh/inh ] 98,7 560,6 510,5 94,8 560,6 514,4
heat household [kWh/Inh] 55 168.4 162,9 55 1684 162,9
heat industrial [KWh/Inh ] 0.0 0.0 0.0 0,0 0.0 0,0
Energy Carrier consumed substituted Difference consumed substituted Difference
diesel [la] 2.296.855 0 2.296.855 2.296.855 0 2.296.855
fuel oil ia] 5.308.359 441.408 4.866.951] 5.308.359 441.408 4.866.951
hard coal [ta] 110 96.151 -96.041 110 96.151 -96.041
lignite [t/a] 0 0 0 0 0 0
natural gas [m¥al 2.554.062 1.986.915 567.147 2.554.062 1.986.915 567.147
energy content [MJ/inh.] 1.484 5.841 -4.357 1.457 5.841 -4.385
Recovered Fuel FP3 - hard pellets FP3 - hard pellets
amount_[kg/Inh.] 203 203
heating value [MJ/t] 21.383 21.383
\water content 4,0% 4,0%
Composition
C [o%dm] 43,7% 43,7%
N [%6dm] 0,5% 0,5%
S [6dm] 0,2% 0,2%
Cl [sdm] 0,7% 0,7%
cd [mg/kg dm] 6.1 6.1
Hg [mg/kg dm] 038 0.38
Pb_[mg/kg dm] 145 145
374 374

Zn [mg/kg dm]
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April 01

Waste to Recovered Fuel, CBA

11.2 Air and Water Emissions

11.2.1Model Region 1

R':/:)g?:rl] BS (baseline)
1 collection| transport | sorting T.:tc?::%zzys:!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [ta] 0 0 0 8.178 70.365| 0| 0 0| 0 0| 75.437 0| 83.615 70.365
CO2foss [t/a] 3.495 513 40 5.536 58.303 0| 0 0| 0 0| 61.824 19.398 71.409] 77.701
CH4 [kg/a] 4.255| 624 79 9.765 17.902 0| 0 0| 0 0] 4.519.177 42.376] 4.533.899 60.278
CO [kg/a] 19.180 2.814 59 812 14.276 0| 0 0| 0 0| 5.525 3.193 28.389 17.469
502 [kgla] 5.267 773 142 16.439 50.821 0| 0 0| 0 0| 1.875 80.506 24.496 131.327
NOX [kg/a] 62.894 9.228 237 9.270 61.463] 0| 0 0| 0 0| 18.245 38.919 99.873 100.382
NMVOC [kg/a] 21.808| 3.200 67 1.219 4.432] 0| 0 0| 0 0| 6.285 4.168 32.579 8.600
Dust [kg/a] 1.441 211 43 4.685 7.568 0| 0 0| 0 0| 525 24.809 6.906 32.378
PCDDIF [kg/a] 0 0 o] 1,31E-12| 2,79E-08| 0| 0 0| 0 0| 0 o] 1,31E-12| 2,79E-08|
HCI [kg/a] 8,51E+00| 1,25E+00| 5,46E+00| 6,21E+02| 1,33E+03| 0| 0 0| 0 0] 1,79e+01| 3,44E+03] 6,54E+02| 4,77E+03
CFC [kg/a] 2,39E-05| 3,50E-06| 3,66E-06] 4,19E-04| 1,33E-03 0 0 0 0 o| 1,71E-05| 2,27E-03] 4,67E-04| 3,60E-03
cd [kg/a] 4,05E-02| 5,93E-03| 4,75E-04] 4,19E-02| 8,95E-02) 0 0 0 0 o] 127E-02| 2,29E-01] 1,01E-01] 3,19E-01
Hg [kg/a] 4,16E-03| 6,10E-04| 1,02E-03] 1,19€-01| 2,43E-01] 0 0 0 0 o] 145E-02| 6,36E-01] 1,39E-01] 8,79E-01
Pb [kg/a] 2,236-01] 3,26E-02| 4,21E-03| 5,39E+00| 6,81E+00| 0| 0 0 0 o 7,42E-02| 2,27E+00| 5,72E+00( 9,08E+00
Zn [kg/a] 1,33E+00| 1,96E-01| 1,16E-02| 9,05E-01| 2,04E+00| 0 0 0 0 o| 4,05E-01| 4,96E+00| 2,85E+00| 7,00E+00
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 23 1 14.469| 1.225.883 0| 0 0| 0 0] 2.907.098 48] 2.921.747| 1.225.930
NH4 [kg/a] 139 20 0| 8 13 0| 0 0| 0 0| 585.014 43| 585.182] 57
Cd [kg/a] 7,04E-02] 1,03E-02] 8,62E-04] 7,67E-02| 1,53E-01 0 0 0| 0 0| 8,11E+01| 4,22E-01] 8,13E+01| 5,75E-01
Hg [kg/a] 6,26E-04] 9,18E-05] 2,42E-05| 3,84E-03| 5,31E-02 0 0 0| 0 0] 1,04E+02( 1,42E-02] 1,04E+02| 6,73E-02
Pb [kg/a] 1,72E-01] 2,52E-02] 6,34E-02]| 7,24E+00| 1,43E+01 0| 0 0| 0 0] 1,23E+03| 3,98E+01] 1,24E+03| 5,41E+01
Zn [kgla] 7,41E-01] 1,09E-01] 1,24E-01] 1,41E+01| 2,27E+01 0| 0 0| 0 0| 4,68E+04( 7,72E+01] 4,68E+04| 9,99E+01
Cl- [kg/a] 3,38E+04| 4,97E+03| 1,88E+02| 1,10E+04| 1,78E+04 0| 0 0| 0 0] 4,40E+05( 5,94E+04] 4,90E+05| 7,72E+04
MerI | - coal
Region
1 collection| transport | sorting rE:::T”cﬂn;ziysilr:;)g pre;:f;“on co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [t/a] 0 0 0 8.178 70.365| 0| 0 0| 87.666 0| 0 0| 95.844/ 70.365|
CO2foss [t/a] 3.495 718 40 10.518 70.276 0 0 0| 82.556 78.336 254 0| 97.582 148.611]
CH4 [kg/a] 4.255| 874 79 18.291 62.775| 0| 0 0| 41.040 1.483 323 0| 64.862 64.258
CO [kg/a] 19.180 3.940 59 19.281 90.781 0| 0 0| 23.391 14.830 1.319 0| 67.169| 105.610|
SO2 [kg/a] 5.267 1.082 142 28.901 67.466| 0| 0 0| 49.566 51.327 419 0| 85.377 118.793|
NOX [kg/a] 62.894 12.919 237 17.217 74.949] 0| 0 0| 116.479 26.694 4.347 0| 214.092 101.643|
NMVOC [kg/a] 21.808| 4.479 67 2.037 5.397| 0| 0 0| 11.346 1.483 1.501 0| 41.239] 6.880
Dust [kg/a] 1.441 296 43 9.340 13.260 0| 0 0| 23.975 2.010 117 0| 35.212 15.269
PCDDIE [kg/a] 0 0 o| 1,31E-12| 2,79E-08 0 0 o 832E-02 0 0 o| 832E-02| 2,79E-08
HCI [kg/a] 8,51E+00| 1,75E+00| 5,46E+00| 1,14E+03| 5,55E+03| 0 0 0] 2,02E+03( 2,94E+03| 3,05E+00 0] 3,17E+03| 8,48E+03|
CFC [kg/a] 2,39E-05] 4,90E-06] 3,66E-06] 7,53E-04| 1,57E-03 0| 0 0| 1,40E-03 8,88E-04| 3,27E-06 0] 2,19E-03| 2,45E-03|
Cd [kg/a] 4,05E-02| 8,31E-03| 4,75E-04| 8,02E-02| 2,75E-01 0| 0 0| 4,27E-01 3,90E-01| 2,94E-03 o] 5,60E-01| 6,65E-01
Hg [kg/a] 4,16E-03| 8,55E-04| 1,02E-03| 2,52E-01| 3,30E-01 0 0 0| 5,15E+00( 3,23E+00| 7,41E-04 0] 5,41E+00[ 3,56E+00
Pb [kg/a] 2,23E-01] 4,57E-02] 4,21E-03] 4,56E+01| 2,58E+01 0| 0 0] 1,37E+00( 1,53E+01| 1,69E-02 o] 4,72E+01| 4,11E+01
Zn [kg/a] 1,33E+00| 2,74E-01| 1,16E-02| 1,63E+00| 2,59E+00]| 0| 0 0] 1,38E+01| 2,93E+01| 9,51E-02 o] 1,71E+01| 3,19E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 32 1 16.417| 1.227.831] 0| 0 0| 399.414 364 625.419 0] 1.041.440( 1.228.196
NH4 [kg/a] 139 29 0| 16 26 0| 0 0| 1.868 119 125.858 0| 127.910| 145
Cd [kg/a] 7,04E-02] 1,45E-02] 8,62E-04] 1,38E-01| 5,64E-01 0| 0 0] 3,22E-01| 4,25E+00| 1,94E+01 0] 1,99E+01| 4,81E+00|
Hg [kg/a] 6,26E-04] 1,29E-04] 2,42E-05| 9,23E-02| 1,41E-01 0| 0 0| 1,38E-02 1,16E-01| 2,49E+01 0] 2,50E+01| 2,57E-01]
Pb [kg/a] 1,72E-01] 3,52E-02] 6,34E-02| 1,32E+01| 5,55E+01 0| 0 0] 2,35E+01| 4,11E+02| 2,95E+02 o] 3,32E+02| 4,66E+02
Zn [kg/a] 7,41E-01] 1,52E-01] 1,24E-01] 2,52E+01| 1,05E+02 0| 0 0| 4,65E+01( 8,23E+02| 1,12E+04 0] 1,13E+04| 9,27E+02
Cl- [kg/a] 3,38E+04| 6,95E+03| 1,88E+02| 3,03E+04| 7,02E+04 0| 0 0| 3,47E+05( 5,28E+05| 1,05E+05 0] 5,24E+05| 5,98E+05
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model |- gas
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zf)ys‘;!;)g pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [t/a] 0 0 0 8.178 70.365| 0| 0 0| 87.666 0| 0 0| 95.844 70.365
CO2foss [t/a] 3.495 718 40 10.518 70.276 0| 0 0| 82.556 33.044 273 0| 97.601 103.320]
CH4 [kg/a] 4.255| 874 79 18.291 62.775 0| 0 0| 41.040 2.516 347 0| 64.886 65.291
CO [kg/a] 19.180 3.940 59 19.281 90.781 0| 0 0| 23.391 50.310 1.419 0| 67.269 141.091
502 [kgla] 5.267 1.082 142 28.901 67.466 0| 0 0| 49.566 260 451 0| 85.409 67.726,
NOX [Kg/a] 62.894 12.919 237 17.217 74.949] 0| 0 0| 116.479 50.310 4.676 0| 214.421 125.260|
NMVOC [kg/a] 21.808| 4.479 67 2.037 5.397] 0| 0 0| 11.346 2.516 1.614 0| 41.352 7.912
bust [kg/a] 1.441 296 43 9.340 13.260| 0 0 o 23975 252 126 o] 35220 13511
PCDDIF [kg/a] 0 0 ol 131E-12[ 2,79E-08 0 0 o| 832E-02 0 0 o| 832E-02[ 2,79E-08
HCI [kg/a] 8,51E+00| 1,75E+00| 5,46E+00| 1,14E+03| 5,55E+03| 0| 0 0] 2,02E+03| 3,91E+01| 3,28E+00 o] 3,17E+03| 5,59E+03|
CFC [kg/a] 2,39E-05] 4,90E-06] 3,66E-06] 7,53E-04| 1,57E-03 0| 0 0] 1,40E-03( 9,80E-05| 3,51E-06 0] 2,19E-03| 1,66E-03|
Cd [kg/a] 4,05E-02| 8,31E-03| 4,75E-04| 8,02E-02| 2,75E-01 0| 0 0| 4,27E-01 1,45E-02| 3,16E-03 o] 5,60E-01| 2,89E-01
Hg [kg/a] 4,16E-03| 8,55E-04| 1,02E-03| 2,52E-01| 3,30E-01 0| 0 0| 5,15E+00( 9,23E-01| 7,97E-04 0] 5,41E+00[ 1,25E+00|
Pb [kg/a] 2,23E-01] 4,57E-02] 4,21E-03| 4,56E+01| 2,58E+01 0| 0 0] 1,37E+00( 2,28E-01| 1,82E-02 o] 4,72E+01| 2,60E+01
Zn [kg/a] 1,33E+00] 2,74E-01| 1,16E-02| 1,63E+00| 2,59E+00| 0| 0 0] 1,38E+01| 3,68E-01| 1,02E-01 o] 1,71E+01| 2,96E+00
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 32 1 16.417| 1.227.831] 0| 0 0| 399.414 16 672.731 0] 1.088.751| 1.227.847
NH4 [kg/a] 139 29 0 16 26 0| 0 0| 1.868 41 135.379 0| 137.431] 67
Cd [kg/a] 7,04E-02] 1,45E-02] 8,62E-04] 1,38E-01| 5,64E-01 0| 0 0| 3,22E-01 2,84E-01| 2,09E+01 o] 2,14E+01| 8,48E-01
Hg [kg/a] 6,26E-04] 1,29E-04] 2,42E-05| 9,23E-02| 1,41E-01 0| 0 0| 1,38E-02 4,95E-02| 2,68E+01 o] 2,69e+01| 1,90E-01
Pb [kg/a] 1,72E-01] 3,52E-02] 6,34E-02| 1,32E+01| 5,55E+01 (o 0 0] 2,35E+01| 2,83E+01| 3,17E+02 o] 3,54E+02| 8,38E+01
Zn [kgla] 7,41E-01] 1,52E-01] 1,24E-01| 2,52E+01| 1,05E+02 0| 0 0] 4,65E+01| 5,65E+01| 1,20E+04 o] 1,21E+04| 1,61E+02
Cl- [kg/a] 3,38E+04| 6,95E+03| 1,88E+02| 3,03E+04| 7,02E+04 0| 0 0| 3,47E+05( 3,99E+04| 1,13E+05 0] 5,32E+05| 1,10E+05
Model | - mix
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zf)ys‘;!;)g pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [t/a] 0 0 0 8.178 70.365| 0| 0 0| 87.666 0| 0 0| 95.844 70.365
CO2foss [t/a] 3.495 718 40 10.518 70.276 0| 0 0| 82.556 84.966 273 0| 97.601 155.242
CH4 [kg/a] 4.255| 874 79 18.291 62.775 0| 0 0| 41.040 185.618 347 0| 64.886| 248.393|
CO [kg/a] 19.180 3.940 59 19.281 90.781 0| 0 0| 23.391 13.988 1.419 0| 67.269 104.769
502 [kgla] 5.267 1.082 142 28.901 67.466 0| 0 0| 49.566 352.638| 451 0| 85.409| 420.104
NOX [kg/a] 62.894 12.919 237 17.217 74.949] 0| 0 0| 116.479 170.474 4.676 0| 214.421 245.423]
NMVOC [kg/a] 21.808| 4.479 67 2.037 5.397] 0| 0 0| 11.346 18.258 1.614 0| 41.352 23.655
Dust [kg/a] 1.441 296 43 9.340 13.260 0| 0 0| 23.975 108.672 126 0| 35.220 121.931
PCDDIF [kg/a] 0 0 o 131E-12[ 2,79E-08 0 0 o| 832E-02 0 0 o| 832E-02[ 2,79E-08
HCl [kg/a] 8,51E+00| 1,75E+00| 5,46E+00| 1,14E+03| 5,55E+03| 0| 0 0] 2,02E+03| 1,51E+04| 3,28E+00 0] 3,17E+03| 2,06E+04
CFC [kg/a] 2,39E-05] 4,90E-06] 3,66E-06] 7,53E-04| 1,57E-03 0| 0 0] 1,40E-03( 9,96E-03| 3,51E-06 o] 2,19e-03| 1,15E-02
Cd [kg/a] 4,05E-02| 8,31E-03| 4,75E-04| 8,02E-02| 2,75E-01 0| 0 0| 4,27E-01 1,00E+00| 3,16E-03 0] 5,60E-01f 1,28E+00|
Hg [kg/a] 4,16E-03| 8,55E-04| 1,02E-03| 2,52E-01| 3,30E-01] 0| 0 0| 5,15E+00( 2,78E+00| 7,97E-04 0] 5,41E+00[ 3,11E+00|
Pb [kg/a] 2,23E-01] 4,57E-02] 4,21E-03] 4,56E+01| 2,58E+01 0| 0 0] 1,37E+00( 9,96E+00| 1,82E-02 o] 4,72e+01| 3,57E+01
Zn [kg/a] 1,33E+00] 2,74E-01| 1,16E-02| 1,63E+00| 2,59E+00| 0| 0 0| 1,38E+01| 2,17E+01| 1,02E-01 o] 1,71E+01| 2,43E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 32 1 16.417| 1.227.831] 0| 0 0| 399.414 208 672.731 0] 1.088.751| 1.228.040
NH4 [kg/a] 139 29 0 16 26 0| 0 0| 1.868 189 135.379 0| 137.431] 215
Cd [kg/a] 7,04E-02] 1,45E-02] 8,62E-04] 1,38E-01| 5,64E-01 0 0 0| 3,22E-01| 1,85E+00| 2,09E+01 0] 2,14E+01| 2,41E+00|
Hg [kg/a] 6,26E-04] 1,29E-04] 2,42E-05| 9,23E-02| 1,41E-01 0| 0 0| 1,38E-02 6,22E-02| 2,68E+01 o] 2,69E+01| 2,03E-01
Pb [kg/a] 1,72E-01] 3,52E-02] 6,34E-02| 1,32E+01| 5,55E+01 0| 0 0] 2,35E+01| 1,74E+02| 3,17E+02 o] 3,54E+02| 2,30E+02
Zn [kgla] 7,41E-01] 1,52E-01] 1,24E-01| 2,52E+01| 1,05E+02 0| 0 0] 4,65E+01| 3,38E+02| 1,20E+04 o] 1,21E+04| 4,43E+02
Cl- [kg/a] 3,38E+04| 6,95E+03| 1,88E+02| 3,03E+04| 7,02E+04 0| 0 0| 3,47E+05( 2,60E+05| 1,13E+05 0] 5,32E+05| 3,30E+05
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model FP1-CK
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 26563 ol 61.366 0 0 o] 96.107[ 70365
CO2foss [t/a] 3.495 1.318 40 11.449 70.068 5.833 33.632 68.353] 47.834 45.784 191 0| 103.793| 184.205
CH4 [kg/a] 4.255| 1.604 79 20.760 58.218 10.939 4.301 146.744 30.235 867 243 0| 72.417 205.829
CO [kg/a] 19.180 7.231 59 15.789 75.320 10.888, 18.861 27.327| 15.170 8.667 994 0| 88.171 111.314
502 [kg/a] 5.267 1.986 142 34.639 74.577] 19.280 22.706 127.241] 36.516 29.998 316 0| 120.852 231.817
NOX [kg/a] 62.894 23.713 237 19.508 76.657| 41.522] 1.674.624| 1.701.134 85.813 15.601 3.275 0] 1.911.587| 1.793.392
NMVOC [kg/a] 21.808| 8.223 67 2.346 6.137] 12.490 2.277 21.419, 7.740 867 1.131 0| 56.082 28.423]
Dust [kg/a] 1.441 543 43 10.840 15.659 5.844 7.075 5.350 17.663 1.175 88 0| 43.537 22.184
PCDDIF [kg/a] 0 0 o 7.67E-12| 2,79E-08 o] 911E-05| 9,11E-05| 6,13E-02 0 0 o] 614E-02[ 9,12E-05
HCI [kg/a] 8,51E+00] 3,21E+00| 5,46E+00| 1,37E+03| 5,03E+03| 7,09E+02| 7,68E+02( 2,05E+03] 1,48E+03| 1,72E+03| 2,30E+00 0] 4,35E+03| 8,80E+03|
CFC [kg/a] 2,39E-05] 9,00E-06| 3,66E-06] 9,09E-04| 1,75E-03] 4,78E-04] 2,31E-04 9,08E-04] 1,03E-03| 5,19E-04| 2,46E-06 0] 2,69E-03| 3,18E-03|
cd [kg/a] 4,05E-02| 1,53E-02| 4,75E-04] 1,04E-01| 2,61E-01] 6,84E-02] 5,45E-02| 9,83E-02| 2,57E-01| 2,28E-01| 2,22E-03 0] 5.43E-01| 5,87E-01
Hg [kg/a] 4,16E-03] 157E-03| 1,02E-03| 2,88E-01| 3,78E-01] 1,32E-01] 6,10E+00| 4,46E+00| 2,90E+00| 1,89E+00| 5,58E-04 0] 9,42E+00[ 6,72E+00|
Pb [kg/a] 2,23E-01] 8,39E-02| 4,21E-03| 3,75E+01| 2,21E+01] 5,84E-01} 1,81E+00( 1,78E+01] 1,01E+00| 8,96E+00| 1,27E-02 0] 4,12E+01| 4,89E+01
Zn [kg/a] 1,33E+00] 5,03E-01| 1,16E-02| 1,99E+00| 3,05E+00| 1,73E+00} 1,81E+00( 4,77E+00] 9,12E+00| 1,71E+01| 7,16E-02 0] 1,66E+01| 2,50E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 59 1 16.018| 1.227.436 93 5 75 253.354 213 471.214 0| 740.901| 1.227.724
NH4 [kg/a] 139 52 0 19 31 83 4 131 1471 70  94.826 o] 96595 231
cd [kg/a] 7,04E-02] 2,65E-02| 8,62E-04| 1,67E-01| 5,26E-01] 1,24E-01] 4,28E-02 1,82E+00] 2,23E-01| 2,48E+00| 1,46E+01 0] 1,53E+01| 4,83E+00
Hg [kg/a] 6,26E-04] 2,36E-04| 2,42E-05| 7,54E-02| 1,24E-01] 3,24E-03] 1,44E-03 2,37E-03] 1,02E-02| 6,81E-02| 1,88E+01 o] 1,89E+01| 1,94E-01
Pb [kg/a] 1,72E-01] 6,47E-02| 6,34E-02| 1,59E+01| 5,12E+01] 8,24E+00| 4,04E+00( 1,76E+02] 1,73E+01| 2,40E+02| 2,22E+02 o] 2,68E+02| 4,67E+02
Zn [kg/a] 7,41E-01] 2,79E-01| 1,24E-01| 3,05E+01| 9,60E+01} 1,62E+01} 7,83E+00( 4,40E+02| 3,42E+01| 4,81E+02| 8,43E+03 o] 8,52E+03| 1,02E+03
Cl- [kg/a] 3,38E+04| 1,28E+04| 1,88E+02| 3,24E+04| 6,74E+04] 3,02E+04] 6,03E+03( 2,76E+05] 2,24E+05| 3,08E+05| 7,92E+04 0] 4,19E+05| 6,52E+05
F';/'eog?;'] FP1-CFB
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 26.653 of 61.366 0 0 o] 96196 70.365
CO2foss [t/a] 3.495 1.318 40 11.449 70.068 5.833 33.738 62.164 47.834 45.784 202 0| 103.910 178.016
CH4 [kg/a] 4.255| 1.604 79 20.760 58.218 10.939 4.301 185.090 30.235 867 257 0| 72.431 244.175
CO [kg/a] 19.180 7.231 59 15.789 75.320 10.888, 7.761 13.268 15.170 8.667 1.052 0| 77.129 97.256
SO2 [kg/a] 5.267 1.986 142 34.639 74.577] 19.280 9.116 36.132] 36.516 29.998 334 0| 107.280 140.708
NOX [kg/a] 62.894 23.713 237 19.508 76.657| 41.522] 26.108 44.635| 85.813 15.601 3.465 0| 263.261 136.894
NMVOC [kg/a] 21.808| 8.223 67 2.346 6.137] 12.490 1.167 7.041 7.740 867 1.196 0| 55.038 14.044
Dust [kg/a] 1.441 543 43 10.840 15.659 5.844 3.606 1.088 17.663 1.175 93 0 40.073| 17.922
PCDDIF [kg/a] 0 0 o 7.67E-12[ 2,79E-08 o] 164E-02| 1,64E-02| 6,13E-02 0 0 o 7,77E-02 1,64E-02
HCI [kg/a] 8,51E+00| 3,21E+00| 5,46E+00| 1,37E+03| 5,03E+03| 7,09E+02| 8,55E+02( 4,08E+02]| 1,48E+03| 1,72E+03| 2,43E+00 0] 4,44E+03| 7,15E+03|
CFC [kg/a] 2,39E-05] 9,00E-06| 3,66E-06] 9,09E-04| 1,75E-03| 4,78E-04] 2,31E-04 7,14E-04] 1,03E-03| 5,19E-04| 2,60E-06 0] 2,69E-03 2,99E-03|
cd [kg/a] 4,05E-02| 1,53E-02| 4,75E-04| 1,04E-01| 2,61E-01] 6,84E-02] 1,01E-01| 1,14E-02| 2,57E-01| 2,28E-01] 2,35E-03 0] 5,90E-01| 5,00E-01
Hg [kg/a] 4,16E-03] 1,57E-03| 1,02E-03| 2,88E-01| 3,78E-01] 1,32E-01] 2,55E-01| 2,35E-01] 2,90E+00| 1,89E+00| 5,91E-04 0] 3,58E+00[ 2,50E+00
Pb [kg/a] 2,23E-01] 8,39E-02| 4,21E-03| 3,75E+01| 2,21E+01] 5,84E-01} 6,26E-01 2,19E+00] 1,01E+00| 8,96E+00| 1,35E-02 0] 4,00E+01| 3,33E+01
Zn [kg/al 1,33E+00] 5,03E-01| 1,16E-02| 1,99E+00| 3,05E+00| 1,73E+00| 4,42E+00( 4,61E+00] 9,12E+00| 1,71E+01| 7,58E-02 o] 1,92E+01| 2,48E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 59 1 16.018| 1.227.436 93 42.802 43.497| 253.354 213 534.526 0 847.011| 1.271.147
NH4 [kg/a] 139 52 0 19 31 83 15 93 1.471 70 107.566 0| 109.346 193
cd [kg/a] 7,04E-02] 2,65E-02| 8,62E-04| 1,67E-01| 5,26E-01] 1,24E-01] 7,46E-01 1,64E+00] 2,23E-01| 2,48E+00| 1,66E+01 0] 1,79E+01| 4,64E+00|
Hg [kg/a] 6,26E-04] 2,36E-04| 2,42E-05| 7,54E-02| 1,24E-01] 3,24E-03] 1,64E-02 1,25E-02] 1,02E-02| 6,81E-02| 2,13E+01 o] 2,14E+01| 2,04E-01
Pb [kg/a] 1,72E-01] 6,47E-02| 6,34E-02| 1,59E+01| 5,12E+01] 8,24E+00| 7,99E+00( 1,54E+02] 1,73E+01| 2,40E+02| 2,52E+02 o] 3,02E+02| 4,45E+02
Zn [kg/a] 7,41E-01] 2,79E-01| 1,24E-01| 3,05E+01| 9,60E+01} 1,62E+01} 2,09E+01( 5,98E+02| 3,42E+01| 4,81E+02| 9,56E+03 0] 9,66E+03| 1,17E+03
Cl- [kg/a] 3,38E+04| 1,28E+04| 1,88E+02| 3,24E+04| 6,74E+04] 3,02E+04) 1,22E+05( 3,27E+05] 2,24E+05| 3,08E+05| 8,97E+04 0] 5,46E+05| 7,03E+05
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model FP1-PC
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 20.097 ol 63.634 0 0 o] 91909 70.365
CO2foss [t/a] 3.495 1.421 40 11.400 69.981 10.076 31.026 63.901 48.819 46.935| 202 0| 106.480| 180.817
CH4 [kg/a] 4.255| 1.729 79 20.670 57.905 20.632] 5.011 190.260| 31.069 889 256 0| 83.700 249.054
CO [kg/a] 19.180 7.794] 59 15.664 74.813] 11.428 6.594 13.639 15.619 8.885 1.047 0| 77.384 97.338
502 [kg/a] 5.267 2.140 142 34.492 74.436 29.514 9.520 34.085| 37.523 30.752] 333 0| 118.930 139.273
NOX [kg/a] 62.894 25.559 237 19.424] 76.553 46.095| 21.811 40.315] 88.179 15.994 3.451 0| 267.649 132.861
NMVOC [kg/a] 21.808| 8.862 67 2.338 6.129 13.130 1.114 7.238 7.963 889 1.191 0| 56.475 14.255
Dust [kg/a] 1.441 586 43 10.789 15.612 8.877| 3.778 845 18.150 1.204 93 0| 43.756 17.661
PCDDIF [kg/a] 0 0 ol 7.67e-12| 2,79E-08] 9,39E-10| 1.62E-02| 1,62E-02| 6,30E-02 0 0 o 7.92E-02[ 1,62E-02
HCI [kg/a] 8,51E+00] 3,46E+00| 5,46E+00| 1,36E+03| 5,00E+03| 1,13E+03} 1,19E+03( 4,63E+02] 1,53E+03| 1,76E+03| 2,42E+00 0] 5,24E+03| 7,22E+03|
CFC [kg/a] 2,39E-05] 9,70E-06| 3,66E-06] 9,05E-04| 1,75E-03] 7,93E-04] 2,69E-04 7,34E-04] 1,06E-03| 5,32E-04| 2,59E-06 0] 3,07E-03| 3,02E-03|
cd [kg/a] 4,05E-02| 1,64E-02| 4,75E-04] 1,04E-01| 2,59E-01] 9,60E-02] 3,59E+00| 4,70E-01] 2,64E-01| 2,34E-01| 2,34E-03 0] 4,11E+00| 9,64E-01
Hg [kg/a] 4,16E-03] 1,69E-03| 1,02E-03| 2,86E-01| 3,78E-01] 2,19E-01] 2,43E+00| 3,50E+00| 3,15E+00| 1,93E+00| 5,88E-04 0] 6,09E+00( 5,81E+00|
Pb [kg/a] 2,23E-01] 9,04E-02| 4,21E-03| 3,72E+01| 2,20E+01] 8,63E-01} 3,92E+01( 2,09E+01] 1,04E+00| 9,19E+00| 1,34E-02 o] 7.87E+01| 5,20E+01
Zn [kg/a] 1,33E+00] 5,42E-01| 1,16E-02| 1,98E+00| 3,05E+00| 2,30E+00} 5,87E-01( 4,14E+00] 9,84E+00| 1,76E+01| 7,55E-02 0] 1,67E+01| 2,48E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 64 1 16.005| 1.227.424 95 35.777 44.712] 260.951 218 534.173 0 847.221| 1.272.354
NH4 [kg/a] 139 57 0 19 31 84 5 77 1516 71| 107.495 o] 109.316 179
cd [kg/a] 7,04E-02] 2,86E-02| 8,62E-04| 1,66E-01| 5,24E-01] 1,74E-01] 4,99E-02 1,58E+00] 2,29E-01| 2,54E+00| 1,66E+01 0] 1,73E+01| 4,64E+00|
Hg [kg/a] 6,26E-04] 2,54E-04| 2,42E-05| 7,48E-02| 1,23E-01] 8,08E-03] 1,68E-03( 1,04E-03] 1,04E-02| 6,98E-02| 2,13E+01 o] 2,14E+01| 1,94E-01
Pb [kg/a] 1,72E-01] 6,97E-02| 6,34E-02| 1,58E+01| 5,09E+01| 1,32E+01} 4,71E+00( 1,56E+02] 1,78E+01| 2,46E+02| 2,52E+02 o] 3,03E+02| 4,53E+02
Zn [kg/a] 7,41E-01] 3,01E-01| 1,24E-01| 3,03E+01| 9,54E+01] 2,58E+01} 9,12E+00( 6,13E+02| 3,52E+01| 4,93E+02| 9,55E+03 0] 9,65E+03| 1,20E+03
Cl- [kg/a] 3,38E+04| 1,38E+04| 1,88E+02| 3,22E+04| 6,70E+04] 3,69E+04} 7,02E+03( 3,17E+05] 2,33E+05| 3,16E+05| 8,96E+04 0] 4,47E+05| 7,00E+05|
F';/'eog?;'] FP1- gasPC
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 26.653 of 61.366 0 0 o] 96196 70.365
CO2foss [t/a] 3.495 1.318 40 11.449 70.068 5.833 34.054 62.164 47.834 45.784 203 0| 104.227 178.016
CH4 [kg/a] 4.255| 1.604 79 20.760 58.218 10.939 4.992 185.090 30.235 867 257 0| 73.122 244.175
CO [kg/a] 19.180 7.231 59 15.789 75.320 10.888, 7.813 13.268 15.170 8.667 1.053 0| 77.182 97.256
SO2 [kg/a] 5.267 1.986 142 34.639 74.577] 19.280 9.485 33.158| 36.516 29.998 335 0| 107.649 137.734
NOX [kg/a] 62.894 23.713 237 19.508 76.657| 41.522] 26.743 44.635| 85.813 15.601 3.469 0| 263.899 136.894
NMVOC [kg/a] 21.808| 8.223 67 2.346 6.137] 12.490 1.235 7.041 7.740 867 1.198 0| 55.107 14.044
Dust [kg/a] 1.441 543 43 10.840 15.659 5.844 4.011 1.088 17.663 1.175 93 0 40.478 17.922
PCDDIF [kg/a] 0 0 o 7.67E-12[ 2,79E-08 o] 164E-02| 1,64E-02| 6,13E-02 0 0 o 7,77E-02 1,64E-02
HCI [kg/a] 8,51E+00| 3,21E+00| 5,46E+00| 1,37E+03| 5,03E+03| 7,09E+02| 1,18E+03( 4,50E+02]| 1,48E+03| 1,72E+03| 2,43E+00 0] 4,76E+03| 7,20E+03|
CFC [kg/a] 2,39E-05] 9,00E-06| 3,66E-06] 9,09E-04| 1,75E-03] 4,78E-04] 2,68E-04 7,14E-04] 1,03E-03| 5,19E-04| 2,61E-06 o] 2,73E-03| 2,99E-03|
cd [kg/a] 4,05E-02| 1,53E-02| 4,75E-04| 1,04E-01| 2,61E-01] 6,84E-02] 3,15E+00| 4,58E-01| 2,57E-01| 2,28E-01| 2,35E-03 0] 3,64E+00| 9,47E-01
Hg [kg/a] 4,16E-03] 1,57E-03| 1,02E-03| 2,88E-01| 3,78E-01] 1,32E-01] 4,42E+00| 3,41E+00| 2,90E+00| 1,89E+00| 5,91E-04 0] 7,75E+00| 5,67E+00|
Pb [kg/a] 2,23E-01] 8,39E-02| 4,21E-03| 3,75E+01| 2,21E+01] 5,84E-01} 3,98E+01( 2,03E+01] 1,01E+00| 8,96E+00| 1,35E-02 0] 7,92E+01| 5,14E+01
Zn [kg/al 1,33E+00] 5,03E-01| 1,16E-02| 1,99E+00| 3,05E+00| 1,73E+00| 5,84E-01( 4,02E+00] 9,12E+00| 1,71E+01| 7,59E-02 0] 1,53E+01| 2,42E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 59 1 16.018| 1.227.436 93 42.803 43.497| 253.354 213 535.792 0 848.278| 1.271.147
NH4 [kg/a] 139 52 0 19 31 83 5 75 1471 70[ 107.821 o] 109591 176
cd [kg/a] 7,04E-02] 2,65E-02| 8,62E-04| 1,67E-01| 5,26E-01] 1,24E-01] 4,97E-02 1,53E+00] 2,23E-01| 2,48E+00| 1,66E+01 0] 1,73E+01| 4,54E+00|
Hg [kg/a] 6,26E-04] 2,36E-04| 2,42E-05| 7,54E-02| 1,24E-01] 3,24E-03] 1,67E-03( 1,02E-03] 1,02E-02| 6,81E-02| 2,14E+01 o] 2,15e+01| 1,93E-01
Pb [kg/a] 1,72E-01] 6,47E-02| 6,34E-02| 1,59E+01| 5,12E+01] 8,24E+00| 4,69E+00( 1,52E+02] 1,73E+01| 2,40E+02| 2,52E+02 o] 2,99E+02| 4,43E+02
Zn [kg/a] 7,41E-01] 2,79E-01| 1,24E-01| 3,05E+01| 9,60E+01] 1,62E+01] 9,09E+00( 5,96E+02| 3,42E+01| 4,81E+02| 9,58E+03 0] 9,67E+03| 1,17E+03
Cl- [kg/a] 3,38E+04| 1,28E+04| 1,88E+02| 3,24E+04| 6,74E+04] 3,02E+04] 6,99E+03( 3,08E+05]| 2,24E+05| 3,08E+05| 8,99E+04 0] 4,31E+05| 6,84E+05
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April 01 |§lla| Waste to Recovered Fuel, CBA
Model FP2- CK
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 28283 of 59.661 0 0 o] 96121 70365
CO2foss [t/a] 3.495 1.524 40 13.073 87.040 6.096 43.575 88.026 37.610 38.193] 183 0| 105.596 213.259
CH4 [kg/a] 4.255| 1.854 79 23.464 94.575 12.610 4.798 188.979 28.594 723 232 0| 75.885 284.277
CO [kg/a] 19.180 8.357 59 17.939 85.702] 4.895| 22.539 35.192] 13.582 7.230 949 0| 87.499 128.124
502 [kg/a] 5.267 2.295 142 42.540 154.662 23.368 25.721 163.863| 34.533 25.024 302 0| 134.169 343.549
NOX [kg/a] 62.894 27.404 237 22.549 108.996 23.918] 2.080.470| 2.115.289 81.153 13.015 3.126 0] 2.301.750| 2.237.300]
NMVOC [kg/a] 21.808| 9.502 67 3.327 14.806 5.714 2.690 27.584 7.091 723 1.079 0| 51.279] 43.113]
Dust [kg/a] 1.441 628 43 12.211 44.120 7.163 8.471 6.684 16.704 980 84 0| 46.745| 51.784
PCDDIF [kg/a] 0 0 o| 806E-11| 2,79E-08 o] 113E-04| 1,13€-04] 5,79E-02 0 0 o| 581E-02[ 1,13E-04
HCI [kg/a] 8,51E+00| 3,71E+00| 5,46E+00| 1,52E+03| 7,75E+03| 9,54E+02| 9,28E+02( 2,64E+03] 1,40E+03| 1,43E+03| 2,19E+00 0] 4,82E+03| 1,18E+04
CFC [kg/a] 2,39E-05] 1,04E-05| 3,66E-06| 1,01E-03| 3,31E-03| 6,34E-04] 2,57E-04 1,17E-03] 9,77E-04| 4,33E-04| 2,35E-06 0] 2,92E-03| 4,91E-03|
cd [kg/a] 4,05E-02| 1,76E-02| 4,75E-04| 2,21E-01| 4,38E-01] 7,18E-02] 6,83E-02| 1,27E-01] 2,10E-01| 1,90E-01] 2,12E-03 o] 6,31E-01f 7,55E-01
Hg [kg/a] 4,16E-03] 1,81E-03| 1,02E-03| 3,20E-01| 8,15E-01] 1,77E-01] 4,73E+00| 5,74E+00| 1,89E+00| 1,57E+00| 5,33E-04 0] 7,12E+00( 8,13E+00|
Pb [kg/a] 2,23E-01] 9,70E-02| 4,21E-03| 4,18E+01| 2,57E+01] 6,75E-01} 2,24E+00( 2,30E+01] 9,57E-01| 7,47E+00| 1,22E-02 0] 4,60E+01| 5,61E+01
Zn [kg/a] 1,33E+00] 5,81E-01| 1,16E-02| 2,40E+00| 7,06E+00| 1,65E+00} 1,73E+00( 6,14E+00] 8,31E+00| 1,43E+01| 6,84E-02 0] 1,61E+01| 2,75E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 68 1 16.219| 1.227.707| 46 5 96 224.457 178 449.775 0| 690.728| 1.227.981
NH4 [kg/a] 139 61 0 26 9% 41 5 169 1.520 58] 90512 o] 92303 323
cd [kg/a] 7,04E-02] 3,07E-02| 8,62E-04| 1,89E-01| 8,92E-01] 1,31E-01} 4,78E-02 2,34E+00] 2,03E-01| 2,07E+00| 1,39E+01 0] 1,46E+01| 5,30E+00
Hg [kg/a] 6,26E-04] 2,73E-04| 2,42E-05| 8,50E-02| 1,43E-01] 4,06E-03] 1,61E-03( 3,05E-03] 9,60E-03| 5,68E-02| 1,79E+01 o] 1,80E+01| 2,03E-01
Pb [kg/a] 1,72E-01] 7,47E-02| 6,34E-02| 1,75E+01| 8,25E+01] 1,10E+01} 4,51E+00( 2,26E+02]| 1,64E+01| 2,00E+02| 2,12E+02 o] 2,62E+02| 5,09E+02
Zn [kg/a] 7,41E-01] 3,23E-01| 1,24E-01| 3,37E+01| 1,57E+02| 2,15E+01] 8,73E+00( 5,67E+02]| 3,24E+01| 4,01E+02| 8,04E+03 o] 8,14E+03| 1,13E+03
Cl- [kg/a] 3,38E+04| 1,47E+04| 1,88E+02| 3,83E+04| 1,33E+05| 2,35E+04) 6,72E+03( 3,56E+05] 1,94E+05| 2,57E+05| 7,56E+04 0] 3,87E+05| 7,46E+05
F';/'eog?;'] FP2 - CFB
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
co2biog [t/a] 0 0 0 8.178|  70.365) o] 28378 of 59.661 0 0 o] 96.216] 70.365
CO2foss [t/a] 3.495 1.524 40 13.073 87.040 6.096 43.714 80.056 37.610 38.193] 192 0| 105.745 205.289
CH4 [kg/a] 4.255| 1.854 79 23.464 94.575 12.610 4.798 238.362] 28.594 723 244 0| 75.897 333.660
CO [kg/a] 19.180 8.357 59 17.939 85.702] 4.895| 9.259 17.087 13.582 7.230 1.000 0| 74.271 110.019
SO2 [kg/a] 5.267 2.295 142 42.540 154.662] 23.368 10.194 46.532] 34.533 25.024 318 0| 118.657 226.218
NOX [kg/a] 62.894 27.404 237 22.549 108.996 23.918 29.121 53.662| 81.153 13.015 3.295 0| 250.571 175.673|
NMVOC [kg/a] 21.808| 9.502 67 3.327 14.806 5.714 1.362 9.067 7.091 723 1.138 0| 50.009 24.596
Dust [kg/a] 1.441 628 43 12.211 44.120 7.163 4.022 1.213 16.704 980 88 0| 42.301 46.313]
PCDDIF [kg/a] 0 0 o| 806E-11| 2,79E-08 o 2,04E-02| 2,04E-02| 5,79E-02 0 0 o 7.83E-02[ 2,04E-02
HCI [kg/a] 8,51E+00| 3,71E+00| 5,46E+00| 1,52E+03| 7,75E+03| 9,54E+02| 1,04E+03( 5,25E+02]| 1,40E+03| 1,43E+03| 2,31E+00 0] 4,94E+03| 9,71E+03|
CFC [kg/a] 2,39E-05] 1,04E-05| 3,66E-06| 1,01E-03| 3,31E-03| 6,34E-04] 2,57E-04 9,19E-04] 9,77E-04| 4,33E-04| 2,48E-06 0] 2,92E-03| 4,66E-03|
cd [kg/a] 4,05E-02| 1,76E-02| 4,75E-04| 2,21E-01| 4,38E-01] 7,18E-02] 1,32E-01| 1,47E-02| 2,10E-01| 1,90E-01] 2,23E-03 o] 6,95E-01| 6,43E-01
Hg [kg/a] 4,16E-03] 1,81E-03| 1,02E-03| 3,20E-01| 8,15E-01] 1,77E-01] 2,19E-01| 3,02E-01] 1,89E+00| 1,57E+00| 5,62E-04 0] 2,61E+00[ 2,69E+00
Pb [kg/a] 2,23E-01] 9,70E-02| 4,21E-03| 4,18E+01| 2,57E+01] 6,75E-01} 7,54E-01 2,82E+00] 9,57E-01| 7,47E+00| 1,28E-02 0] 4,45E+01| 3,60E+01
Zn [kg/a] 1,33E+00] 5,81E-01| 1,16E-02| 2,40E+00| 7,06E+00| 1,65E+00} 4,07E+00( 5,93E+00] 8,31E+00| 1,43E+01| 7,21E-02 0] 1,84E+01| 2,73E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 68 1 16.219| 1.227.707| 46 51.208 56.016 224.457 178 520.394 0 812.549| 1.283.901
NH4 [kg/a] 139 61 0 26 96 41 15 120 1.520 58 104.722 0| 106.524 273
cd [kg/a] 7,04E-02] 3,07E-02| 8,62E-04| 1,89E-01| 8,92E-01}] 1,31E-01} 1,00E+00( 2,11E+00] 2,03E-01| 2,07E+00| 1,61E+01 0] 1,78E+01| 5,07E+00|
Hg [kg/a] 6,26E-04] 2,73E-04| 2,42E-05| 8,50E-02| 1,43E-01] 4,06E-03] 1,32E-02 1,60E-02] 9,60E-03| 5,68E-02| 2,08E+01 o] 2,09E+01| 2,16E-01
Pb [kg/a] 1,72E-01] 7,47E-02| 6,34E-02| 1,75E+01| 8,25E+01] 1,10E+01} 9,47E+00( 1,98E+02| 1,64E+01| 2,00E+02| 2,45E+02 o] 3,00E+02| 4,81E+02
Zn [kg/a] 7,41E-01] 3,23E-01| 1,24E-01| 3,37E+01| 1,57E+02| 2,15E+01} 2,04E+01( 7,70E+02] 3,24E+01| 4,01E+02| 9,31E+03 o] 9,42E+03| 1,33E+03
Cl- [kg/a] 3,38E+04| 1,47E+04| 1,88E+02| 3,83E+04| 1,33E+05| 2,35E+04) 1,56E+05( 4,21E+05] 1,94E+05| 2,57E+05| 8,73E+04 0] 5,48E+05| 8,11E+05
APPENDIX Page 106




April 01 (gua) Waste to Recovered Fuel, CBA
Model FP2 - PC
Region
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [t/a] 0 0 0 8.178 70.365| 0| 28.378 0| 59.661 0| 0 0| 96.216 70.365
CO2foss [t/a] 3.495 1.524 40 13.073 87.040 6.096 44.812 80.056 37.610 38.193] 193 0| 106.843| 205.289
CH4 [kg/a] 4.255| 1.854 79 23.464 94.575 12.610 7.196 238.362] 28.594 723 245 0| 78.296] 333.660
CO [kg/a] 19.180 8.357 59 17.939 85.702] 4.895| 9.440 17.087 13.582 7.230 1.001 0| 74.452 110.019
502 [kgla] 5.267 2.295 142 42.540 154.662 23.368 13.671 42.702] 34.533 25.024 318 0| 122.135 222.388
NOX [Kg/a] 62.894 27.404 237 22.549 108.996 23.918 31.324 53.662] 81.153 13.015 3.299 0 252.777 175.673|
NMVOC [kg/a] 21.808| 9.502 67 3.327 14.806 5.714 1.598 9.067 7.091 723 1.139 0| 50.246 24.596
Dust [kg/a] 1.441 628 43 12.211 44.120 7.163 5.426 1.213 16.704 980 89 0| 43.705 46.313]
PCDDIF [kg/a] 0 0 o| 806E-11| 2,79E-08 o 2,04E-02| 2,04E-02| 5,79E-02 0 0 o 7.83E-02[ 2,04E-02
HCI [kg/a] 8,51E+00| 3,71E+00| 5,46E+00| 1,52E+03| 7,75E+03| 9,54E+02| 1,58E+03( 5,80E+02]| 1,40E+03| 1,43E+03| 2,32E+00 0] 5,47E+03| 9,76E+03|
CFC [kg/a] 2,39E-05] 1,04E-05| 3,66E-06] 1,01E-03| 3,31E-03| 6,34E-04] 3,86E-04 9,19E-04] 9,77E-04| 4,33E-04| 2,48E-06 0] 3,05E-03| 4,66E-03|
Cd [kg/a] 4,05E-02| 1,76E-02| 4,75E-04| 2,21E-01| 4,38E-01] 7,18E-02] 4,28E+00| 5,89E-01] 2,10E-01| 1,90E-01] 2,23E-03 0] 4,84E+00[ 1,22E+00|
Hg [kg/a] 4,16E-03] 1,81E-03| 1,02E-03| 3,20E-01| 8,15E-01] 1,77E-01] 3,46E+00| 4,39E+00| 1,89E+00| 1,57E+00| 5,62E-04 0] 5,86E+00| 6,77E+00|
Pb [kg/a] 2,23E-01] 9,70E-02| 4,21E-03| 4,18E+01| 2,57E+01] 6,75E-01} 5,00E+01( 2,62E+01] 9,57E-01| 7,47E+00| 1,28E-02 0] 9,37E+01| 5,93E+01
Zn [kg/a] 1,33E+00] 5,81E-01| 1,16E-02| 2,40E+00| 7,06E+00| 1,65E+00| 8,42E-01( 5,18E+00] 8,31E+00| 1,43E+01| 7,22E-02 o] 1,52E+01| 2,65E+01
Water caused caused caused caused saved caused caused saved caused saved caused saved caused saved
COD [kg/a] 157 68 1 16.219| 1.227.707| 46 51.211 56.016 224.457 178 521.806 0 813.964| 1.283.901
NH4 [kg/a] 139 61 0 26 96 41 7 97 1.520 58]  105.006 o] 106.800] 251
Cd [kg/a] 7,04E-02] 3,07E-02| 8,62E-04| 1,89E-01| 8,92E-01} 1,31E-01} 7,16E-02 1,97E+00] 2,03E-01| 2,07E+00| 1,62E+01 0] 1,69E+01| 4,94E+00|
Hg [kg/a] 6,26E-04] 2,73E-04| 2,42E-05| 8,50E-02| 1,43E-01] 4,06E-03] 2,41E-03( 1,31E-03] 9,60E-03| 5,68E-02| 2,08E+01 o] 2,09E+01| 2,01E-01
Pb [kg/a] 1,72E-01] 7,47E-02| 6,34E-02| 1,75E+01| 8,25E+01] 1,10E+01} 6,76E+00( 1,96E+02] 1,64E+01| 2,00E+02| 2,46E+02 o] 2,98E+02| 4,79E+02
Zn [kgla] 7,41E-01] 3,23E-01| 1,24E-01| 3,37E+01| 1,57E+02| 2,15E+01} 1,31E+01| 7,67E+02]| 3,24E+01| 4,01E+02| 9,33E+03 0] 9,43E+03| 1,33E+03
Cl- [kg/a] 3,38E+04| 1,47E+04| 1,88E+02| 3,83E+04| 1,33E+05| 2,35E+04) 1,01E+04( 3,97E+05] 1,94E+05| 2,57E+05| 8,75E+04 0] 4,02E+05| 7,87E+05
R':/:)g?:rl] FP2 - gasPC
1 collection| transport | sorting rE:::T”c?)Inr]Zcoys‘;!;? pre;:reelnion co-combustion incineration landfill TOTAL
Emissions
Air caused caused caused caused saved caused caused saved caused saved caused saved caused saved
CO2biog [t/a] 0 0 0 8.178 70.365| 0| 28.378 0| 59.661 0| 0 0| 96.216 70.365
CO2foss [t/a] 3.495 1.524 40 13.073 87.040 6.096 44.067 80.056 37.610 38.193] 193 0| 106.098| 205.289
CH4 [kg/a] 4.255| 1.854 79 23.464 94.575 12.610 5.569 238.362] 28.594 723 245 0| 76.669 333.660
CO [kg/a] 19.180 8.357 59 17.939 85.702] 4.895| 9.317 17.087 13.582 7.230 1.001 0| 74.330 110.019
502 [kgla] 5.267 2.295 142 42.540 154.662] 23.368 10.579 42.702] 34.533 25.024 318 0| 119.043| 222.388
NOX [kg/a] 62.894 27.404 237 22.549 108.996 23.918 29.829 53.662| 81.153 13.015 3.299 0| 251.282 175.673|
NMVOC [kg/a] 21.808| 9.502 67 3.327 14.806 5.714 1.438 9.067 7.091 723 1.139 0| 50.086 24.596
Dust [kg/a] 1.441 628 43 12.211 44.120 7.163 4.473 1.213 16.704 980 89 0| 42.752 46.313]
PCDDIF [kg/a] 0 0 o| 806E-11| 2,79E-08 o 2,04E-02| 2,04E-02| 5,79E-02 0 0 o 7.83E-02[ 2,04E-02
HCI [kg/a] 8,51E+00| 3,71E+00| 5,46E+00| 1,52E+03| 7,75E+03| 9,54E+02| 1,44E+03( 5,80E+02]| 1,40E+03| 1,43E+03| 2,32E+00 0] 5,34E+03| 9,76E+03|
CFC [kg/a] 2,39E-05] 1,04E-05| 3,66E-06| 1,01E-03| 3,31E-03| 6,34E-04] 2,99E-04 9,19E-04] 9,77E-04| 4,33E-04| 2,48E-06 0] 2,96E-03| 4,66E-03|
Cd [kg/a] 4,05E-02| 1,76E-02| 4,75E-04| 2,21E-01| 4,38E-01] 7,18E-02] 4,27E+00| 5,89E-01] 2,10E-01| 1,90E-01] 2,23E-03 0] 4,83E+00[ 1,22E+00|
Hg [kg/a] 4,16E-03] 1,81E-03| 1,02E-03| 3,20E-01| 8,15E-01] 1,77E-01] 3,44E+00| 4,39E+00| 1,89E+00| 1,57E+00| 5,62E-04 0] 5,83E+00| 6,77E+00|
Pb [kg/a] 2,23E-01] 9,70E-02| 4,21E-03| 4,18E+01| 2,57E+01] 6,75E