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Life Cycle Impact Assessment

e The purpose of the Life Cycle Impact Assessment (LCIA)
IS to provide additional information to help assess the
results from the Inventory Analysis so as to better
understand their environmental significance (ISO 14040).

« The LCIA should translate the inventory results into their
potential impacts.
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Impact category definition
Criteria

Completeness

Practicality

Possibility to integrate with LCA calculations
Environmental relevance

Scientific method



What’s an impact? (1)

* The DPSIR-framework for indicators
— D: Driving force (in society)
— P: Pressure (from society to environment)
— S: State (in the environment)
— |: Impact (in the environment)
— R: Response (in society)
* In LCA results from the inventory analysis is often

P-type, results from Life Cycle Impact
Assessment Is often I-type.



What Is an impact? (2)

Actvies O O O O




Definition of the impact

 Early in the cause-effect chain (mid-points)
— Often chemical or physcial changes
— Often easier
— Results in mid-point methods

 Late in the cause-effect chain (end-points)
— Often biological changes
— Often more relevant
— Results in end-point or damage methods

e The choice is influenced by views on our
possibilities to predict environmental impacts and
on views on what basis decisions should be made.



Selection of Impact categories

General impact categories ("areas for protection”, "end-
points”)
- resource use
- human health
- ecological consequences



DISCuUsS

« \Which impact categories are most important
for your case studies?

* \Which interventions (emissions, resource
uses) are most important?



Impact categories (EU guidelines)

The following impact categories at midpoint level ... shall be
checked per default for relevance for the study:

Climate change,

(Stratospheric) Ozone depletion,

Human toxicity,

Respiratory inorganics,

lonizing radiation,

(Ground-level) Photochemical ozone formation,
Acidification (land and water),

Eutrophication (land and water),

Ecotoxicity,

Land use,

Resource depletion (minerals, fossil and renewable energy
resources, water).
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Characterization

e Definition of the effect

* A model for quantification

— Characterisation factors
For emissions: CF; [contribution to category |
from substance j/emitted amount]

— Potential contribution to category I = CF;; *m;
— Total contribution is the sum
— m; = emitted amount of substance |



Example, contribution to global
warming

Prod A: 12 kg CO2 and 0.5 kg CH4
Prod B: 2 kg CO2 and 1.5 kg CH4

What is the contribution to global warming
from prod A and B?

The Global Warming Potential (100 years)
of CO21is 1 and of CH4 is 21.

The Global Warming Potential (500 years)
of CO21is 1 and of CH4 is 6.5.



Example, contribution to global

warming

Prod A: 12 kg CO2 and 0.5 kg CH4
Prod B: 2 kg CO2 and 1.5 kg CH4

What Is the contribution to global warming from
prod A and B?

100 years perspective:

A:12*1+ 0.5 * 21 =225 kg CO2-eqv.
B: 2*1 + 1.5*21 = 33.5 kg CO2-eqv
500 years perspective:

A: 12 *1+0.5%6.5 = 15.25 kg CO2-eg
B:2*1+15*%6.5=11.75 kg CO2-eq



Site-dependency?

o Site-specific assessment: ’perfect
knowledge about the site”

 Site-generic assessment: globally averaged

 Site-dependent: some information about the
Site IS used, e.g. the region or stack-height



Site-dependency (2)

» A-site-specific approach is typically not
possible in LCA

« A site-generic approach may hide variations
and uncertainties

A site-dependent approach using data for
different regions or systems is possible and
appropriate In many cases



Time aspects

e Compare discussion on site-dependency and
time aspects for landfills

 \When does emissions occur?

* For how long should impacts be
considered?

— Infinite
— 100 years



Examples of LCIA methods

CML 2002, midpoint, Netherlands, characterization
EDIP, midpoint, Denmark, characterization (weighting)
TRACI, midpoint, USA, characterization

IMPACT 2002, midpoint-endpoint, Switzerland,
characterization

LIME, midpoint-endpoint, Japan, characterization and
weighting

Ecoindicator, endpoint, Netherlands, (characterization)
weighting

Recipe, midpoint-endpoing, Netherlands, characterization
(weighting)

EPS, endpoint, Sweden, (characterization) weighting
Ecotax, midpoint, Sweden, weighting

Ecovalue, midpoint, Sweden, weighting



Some aspects when choosing
characterisation method

The relevance of the definition of the effect
Mid-point or end-point

The scientific basis

Scientifically reviewed?

Transparency?

Practical?

Possibilities for further interpretation

Valid for a relevant time perspective?
Valid for a relevant region?



Current recommendations for
characterization

e (Use recommendations from European
Commission)

 ReCiPe
— Available in Simapro

e Use several methods to assess robustness of
results.
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Normalisation
N.=1/R,

N IS the normalised result
| IS the result from the characterisation
R Is a reference value



...hormalisation...

« Normalisation places results in a broader context
and gives the results common dimensions

» Choice of reference value is important

« Often total contribution to impact category in a
country is used as reference values
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Grouping

 Introduced in the ISO process
« Can include ranking
e Can be seen as a qualitative valuation
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Weighting

« \Weighting Is the process to convert
Indicator results by using numerical factors
based on value choices, it may include
aggregation across impact categories.

(Based on the ISO standard for LCA)



Case-specific or ready-made

* |n case-specific methods, the weighting
factors are developed within the specific
case, Involving the specific stakeholders

« Ready-made methods are developed and
can be used in many cases



Different classifications of

valuation methods

Panel methods (Based on multi-criteria
decision analysis)

Monetisation methods (Based on
environmental economics)
(Distance-to-target methods)

Stated preferences
Revealed preferences

End-points — assessments of damages
Mid-points — assessments of threats



Total environmental impact is

calculated as
» Weighting factors, W,
E.g for emissions [kg]

« Environmental impact is W, I,
where [; Is the impact score from the
characterization or normalisation

 Total environmental impact =%~ W, I,



Panel methods

Methodology: questionnaires, interviews,
groupdiscussions

Panelmembers: Experts, stakeholders,
citizens

Procedure: once or several times with
feedback (Delpht)

Results: Consensus, statistics



Critical discussion on panel
methods

Some published studies show strange results

Limited difference between different impact
categories

Cognitive stress
Large possibilities for beginner’s errors
Normally requires normalization



What Is weighted in panel
methods?

 Very important to define what is weighted

e The normalisation reference, e.g. the total
emissions In a country during one year

 (or something else that can be scaled with
the normalisation reference)




Monetisation methods

Many methods available for monetisation

here are different types of economic
values

Different methods capture different values

One should not mix different types of
economic values




Distance to target methods

* |n distance-to-target methods are different
targets normally not weighted against each
other. Therefore they are not weighting
methods (if targets are not explicitly stated
so that the targets are equally important).

 Distance to target methods can be seen as
normalisation methods



Some aspects of different
approaches

* A problem with methods based on ”stated
preferences” Is that values are constructed
during the valuation process. The results are
therefore sensitive to the process.

A problem with methods based on
“revealed preferences” is the difficulties to
transfer values from one area to another.



Examples of LCIA weighting
methods

Recipe, endpoint, Netherlands, (characterization),
weighting

Ecoindicator, endpoint, Netherlands, (characterization)
weighting

EPS, endpoint, Sweden, (characterization) weighting
Ecotax, midpoint, Sweden, weighting

Ecovalue, midpoint, Sweden, weighting



Basis for weighting

Recipe and Ecoindicator: Not clearly
described, panel approach.

EPS: Damage modelling and willingness to
pay to avoid damages

Ecotax: Swedish environmental taxes and
fees

Ecovalue: Damage costs



Environmental and health impacts

from agriculture in Sweden.
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EPS: Abiotic resources and Global
warming

Ecoindicator: Respiratory diseases
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Waste

				Björklund-Finnveden (2007)																																																																				Percentage

				Impact category		Unit		Net potential environmental impact										Weights		depl fossile energy		0		0						Results

																		Ecotax02				Ecovalues								Ecotax min										Ecotax max										Ecovalue min										Ecovalue max												Ecotax min										Ecotax max										Ecovalue min										Ecovalue max

								Alt 0		Alt 1		Alt 2a		Alt 2b		Milj kg		Min		Max		Min		Max						Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b						Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b

				Exergy (energy resources)		MJ eq,		-1.64E+04		-1.91E+04		-5.19E+04		-5.42E+04		miljoner		0		0.17		0.004		0.24				Abiotic resources		0		0		0		0		Abiotic resources		-2,770		-3,226		-8,766		-9,154		Abiotic resources		-65		-76		-205		-214		-3,875		-4,512		-12,262		-12,805				Abiotic resources		0		0		0		0		Abiotic resources		-11		-13		-35		-36		Abiotic resources		-0		-0		-1		-1		Abiotic resources		-15		-18		-49		-51

				Exergy (biotic resources)		MJ eq,		-9.01E+04		-9.01E+04		-9.61E+04		-9.28E+04		miljoner		0		0.069								Biotic resources		0		0		0		0		Biotic resources		-6,217		-6,217		-6,631		-6,631		Biotic resources		0		0		0		0		0		0		0		0				Biotic resources		0		0		0		0		Biotic resources		0		0		0		0		Biotic resources		0		0		0		0		Biotic resources		0		0		0		0

				Global warming		kg CO2 eq,		1.65E+03		1.48E+03		-3.03E+02		-5.07E+02		miljoner		0.63		0.63		0.1		2.04				Global warming		1,040		932		-191		-319		Global warming		1,040		932		-191		-319		Global warming		165		148		-30		-51		3,366		3,019		-618		-1,034				Global warming		-1		93		-19		-32		Global warming		104		93		-19		-32		Global warming		17		15		-3		-5		Global warming		337		302		-62		-103

				Ozone layer depletion		kg CFC-11 eq,		-5.69E-05		-6.23E-05		-1.31E-04		-1.26E-04		miljoner		1,200		1,200								Ozone layer depletion		-0		-0		-0		-0		Ozone layer depletion		-0		-0		-0		-0		Ozone layer depletion		0		0		0		0		0		0		0		0				Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0

				Photochemical oxidation		kg C2H2 eq,		-5.05E-01		-5.78E-01		-2.25E+00		-2.05E+00		miljoner		48		480		14		40				Photochemical oxidation		-24		-28		-108		-98		Photochemical oxidation		-242		-277		-1,080		-1,080		Photochemical oxidation		-7		-8		-30		-28		-20		-23		-90		-82				Photochemical oxidation		0		-375		-1,458		-1,328		Photochemical oxidation		-3,272		-3,745		-14,580		-14,580		Photochemical oxidation		-92		-105		-410		-374		Photochemical oxidation		-273		-313		-1,218		-1,110

				Acidification		kg SO2 eq,		-1.20E+00		-1.76E+00		-1.03E+01		-1.09E+01		miljoner		18		18		30		30				Acidification		-22		-32		-185		-196		Acidification		-22		-32		-185		-196		Acidification		-36		-53		-309		-327		-36		-53		-309		-327				Acidification		0		-950		-5,562		-5,886		Acidification		-648		-950		-5,562		-5,886		Acidification		-1,080		-1,584		-9,270		-9,810		Acidification		-1,080		-1,584		-9,270		-9,810

				Eutrophication		kg PO4- eq,		4.09E-01		3.27E-01		-2.52E-01		-4.59E-01		miljoner		29		29		218		218				Eutrophication		12		9		-7		-13		Eutrophication		12		9		-7		-13		Eutrophication		89		71		-55		-100		89		71		-55		-100				Eutrophication		-0		2,040		-1,572		-2,864		Eutrophication		2,552		2,040		-1,572		-2,864		Eutrophication		19,504		15,593		-12,017		-21,888		Eutrophication		19,504		15,593		-12,017		-21,888

				Fresh water aquatic ecotoxicity		kg 1,4-DB eq,		-2.85E+01		-2.96E+01		-5.68E+01		-4.99E+01		miljoner		61		124								Fresh water aquatic ecotoxicity		-1,735		-1,801		-3,457		-3,037		Fresh water aquatic ecotoxicity		-3,545		-3,681		-7,064		-6,206		Fresh water aquatic ecotoxicity		0		0		0		0		0		0		0		0				Fresh water aquatic ecotoxicity		1		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0

				Marine water aquatic ecotoxicity		kg 1,4-DB eq,		-2.93E+04		-3.53E+04		-9.07E+04		-9.01E+04		miljoner		0.00001333		0.606								Marine water aquatic ecotoxicity		-0		-0		-1		-1		Marine water aquatic ecotoxicity		-17,756		-21,392		-54,964		-54,601		Marine water aquatic ecotoxicity		0		0		0		0		0		0		0		0				Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0

				Terrestrial ecotoxicity		kg 1,4-DB eq,		1.18E+01		1.67E+01		-1.13E+00		1.27E+01		miljoner		176		176								Terrestrial ecotoxicity		2,082		2,947		-199		0		Terrestrial ecotoxicity		2,082		2,947		-199		0		Terrestrial ecotoxicity		0		0		0		0		0		0		0		0				Terrestrial ecotoxicity		-1		0		0		0		Terrestrial ecotoxicity		0		0		0		0		Terrestrial ecotoxicity		0		0		0		0		Terrestrial ecotoxicity		0		0		0		0

				Human toxicity		kg 1,4-DB eq,		-1.92E+03		-2.12E+03		-4.56E+03		-4.46E+03		miljoner		1.50		1.50		0.004		12				Human toxicity		-2,880		-3,180		-6,840		-6,690		Human toxicity		-2,880		-3,180		-6,840		-6,840		Human toxicity		-8		-9		-19		-18		-23,040		-25,440		-54,720		-53,520				Human toxicity		2		-13		-28		-27		Human toxicity		-12		-13		-28		-28		Human toxicity		-0		-0		-0		-0		Human toxicity		-94		-104		-223		-218

																								Million SEK						-1,527		-1,153		-10,989		-10,355				-30,298		-34,116		-85,928		-85,041				139		75		-649		-738				-23,515		-26,938		-68,054		-67,869						1		795		-8,639		-10,137				-1,287		-2,588		-21,796		-23,426				18,348		13,918		-21,701		-32,078				18,378		13,877		-22,838		-33,180

																								Million euro						-170		-128		-1,221		-1,151				-3,366		-3,791		-9,548		-9,449				15		8		-72		-82				-2,613		-2,993		-7,562		-7,541

																														Results		only categories included in Ecovalue

																														Ecotax min								Ecotax max								Ecovalue min								Ecovalue max

				Ecotax max																										Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b

																												Abiotic resources		0		0		0		0		-2,770		-3,226		-8,766		-9,154		-65		-76		-205		-214		-3,875		-4,512		-12,262		-12,805

				Alt 0		Alt 1		Alt 2a		Alt 2b																		GHG		1,040		932		-191		-319		1,040		932		-191		-319		165		148		-30		-51		3,366		3,019		-618		-1,034

		Exergy (energy resources)		-2.77E+09		-3.23E+09		-8.77E+09		-9.15E+09																		trop ozon		-24		-28		-108		-98		-242		-277		-1,080		-1,080		-7		-8		-30		-28		-20		-23		-90		-82

		Exergy (biotic resources)		-6.22E+09		-6.22E+09		-6.63E+09		-6.40E+09																		Acid		-22		-32		-185		-196		-22		-32		-185		-196		-36		-53		-309		-327		-36		-53		-309		-327

		Global warming		1.04E+09		9.32E+08		-1.91E+08		-3.19E+08																		eutro		12		9		-7		-13		12		9		-7		-13		89		71		-55		-100		89		71		-55		-100

		Ozone layer depletion		-6.83E+04		-7.48E+04		-1.57E+05		-1.51E+05																		Humantox		-2,880		-3,180		-6,840		-6,690		-2,880		-3,180		-6,840		-6,840		-8		-9		-19		-18		-23,040		-25,440		-54,720		-53,520

		Photochemical oxidation		-2.42E+08		-2.77E+08		-1.08E+09		-9.84E+08																		Summa		-1,875		-2,298		-7,331		-7,317		-2,093		-2,547		-8,303		-8,449		204		150		-443		-524		-19,641		-22,425		-55,792		-55,064

		Acidification		-2.16E+07		-3.17E+07		-1.85E+08		-1.96E+08

		Eutrophication		1.17E+07		9.34E+06		-7.20E+06		-1.31E+07

		Fresh water aquatic ecotoxicity		-3.54E+09		-3.68E+09		-7.06E+09		-6.21E+09

		Marine water aquatic ecotoxicity		-1.78E+10		-2.14E+10		-5.50E+10		-5.46E+10

		Terrestrial ecotoxicity		2.08E+09		2.95E+09		-1.99E+08		2.24E+09

		Human toxicity		-2.88E+09		-3.18E+09		-6.84E+09		-6.69E+09

		Sum, SEK		-30,297,742,150		-34,116,445,370		-85,928,283,940		-82,325,948,830

		Sum rapporten		-30,300,000,000		-3.41E+10		-8.59E+10		-8.24E+10

		euro		-3,366,415,794		-3,790,716,152		-9,547,587,104		-9,147,327,648

		Ecotax min		-169,697,524		-128,070,435		-1,221,012,775		-1,150,598,874

		Ecotax max		-3,366,666,667		-3,788,888,889		-9,544,444,444		-9,155,555,556

		EPS2000		-22,666,667		-30,888,889		-105,555,556		-112,222,222

		Eco-Indicator 99		314,444,444		283,333,333		120,000,000		118,888,889

		ExternE		-1,197,778		-6,535,000		-51,796,667		-53,941,222

		EcoValue min		15,421,085		8,289,055		-72,067,645		-82,022,414

		EcoValue max		-2,612,832,973		-2,993,090,612		-7,561,548,227		-7,540,962,536

		Red. in env. burdens relative to alt 0, percent

				Alt1		Alt2		Alt3				Alt1		Alt2		Alt3

		Ecotax min		-25		620		578		Ecotax min		75		720		678

		Ecotax max		13		183		172		Ecotax max		113		283		272

		EPS2000		36		366		395		EPS2000		136		466		495

		Eco-Indicator 99		10		62		62		Eco-Indicator 99		90		38		38

		EcoValue min		46		567		632		EcoValue min		546		4,324		4,503

		EcoValue max		15		189		189		EcoValue max		54		-467		-532

				Alt1		Alt2		Alt3

		ExternE		446		4,224		4,403

				Reduction in environmental burdens relative to alt 0, percent
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																		Ecotax				Ecovalue						Ecotax		Ecotax		Ecovalue

				Impact indicator		Unit		Domestic		Abroad				Sum dom+abroad		Från Rebeckas fil		Min		Max		Min		Max				Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max		Impact indicator

				Non-renewable resources		TJ		93000		91000		MJ		184000000000		185000000000		0		0.17		0.004		0.24		Non-renewable resources		0		31,247		732		43,707		Non-renewable resources

				Renewable fuels		TJ		11000		13000		MJ		24000000000				0		0.069						Renewable fuels		0		0		0		0		Renewable fuels

				Electricity		TJ		35000		34000		MJ		69000000000				0		0.17		0.004		0.236		Electricity		0		0		0		0		Electricity

				District heating		TJ		8700		3100		MJ		11800000000				0		0.17		0.004		0.236		District heating		0		0		0		0		District heating

				Global warming		1000 ton CO2 eq		14000		7400		kg		21400000000		21500000000		0.63		0.63		0.1		2.04		Global warming		13,545		13,545		2,150		43,860		Global warming

				Photochemical oxidation		ton C2H2		10000		8000		kg		18000000		18200000		48		480		14		40		Photochemical oxidation		874		8,736		246		730		Photochemical oxidation

				Acidification		ton SO2 eq		90000		42000		kg		132000000		132000000		18		18		30		30		Acidification		2,376		2,376		3,960		3,960		Acidification

				Eutrophication		1000 ton PO4 eq		2600		420		kg		3020000000		3054000000		28.57		28.57		218		218		Eutrophication		87,253		87,253		666,906		666,906		Eutrophication		0.84		0.60		0.99		0.88

				Fresh water toxicity		ton 1,4-DB eq		2000		1600		kg		3600000		3590000		60.86		124.37						Fresh water toxicity		218		446		0		0		Fresh water toxicity

				Marine toxicity		1000 ton 1,4-DB eq		9100		8400		kg		17500000000		1890000000		0.00001333		0.606						Marine toxicity		0		1,145		0		0		Marine toxicity

				Terrestrial toxicity		ton 1,4-DB eq		170		130		kg		60200		60200		176.47		176.47						Terrestrial toxicity		11		11		0		0		Terrestrial toxicity

				Human toxicity		ton 1,4-DB eq		44000		40000		kg		84000000		81100000		1.5		1.5		0.004		12		Human toxicity		122		122		0		973		Human toxicity

																												104,398		144,880		673,994		760,136

						Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max

				Global warming		0		0		0		0

				Photochemical oxidation		0		0		0		0

				Acidification		0		0		0		0

				Eutrophication		0		0		1		1

				Human toxicity		0		0		0		0

						0		0		1		1												Impact category								Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max				Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																								Non renewable resources				3.12E+10		Non-renewable resources		0		31,247		732		43,707		Global warming		13,545		13,545		2,150		43,860

						Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max												Global Warming				1.35E+10		Renewable fuels		0		0		0		0		Photochemical oxidation		874		8,736		246		730

				Global warming		0.13		0.12		0.00		0.06												Photochemical Oxidation				8.74E+09		Electricity		0		0		0		0		Acidification		2,376		2,376		3,960		3,960

				Photochemical oxidation		0.01		0.08		0.00		0.00												Acidification				2.38E+09		District heating		0		0		0		0		Eutrophication		87,253		87,253		666,906		666,906

				Acidification		0.02		0.02		0.01		0.01												Eutrophication				8.73E+10		Global warming		13,545		13,545		2,150		43,860		Human toxicity		122		122		0		973

				Eutrophication		0.84		0.78		0.99		0.93												Fresh Water Toxicity				4.47E+08		Photochemical oxidation		874		8,736		246		730				104,169		112,031		673,262		716,429

				Human toxicity		0.0012		0.0011		0.0000		0.0014												Marine Aquatic Toxicity				1.14E+09		Acidification		2,376		2,376		3,960		3,960

																								Terrestrial Toxicity				1.06E+07		Eutrophication		87,253		87,253		666,906		666,906				Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																								Human Toxicity				1.22E+08		Fresh water toxicity		218		446		0		0		Global warming		0.13		0.12		0.00		0.06

																								Total				1.45E+11		Marine toxicity		0		1,145		0		0		Photochemical oxidation		0.01		0.08		0.00		0.00

																														Terrestrial toxicity		11		11		0		0		Acidification		0.02		0.02		0.01		0.01

																														Human toxicity		122		122		0		973		Eutrophication		0.84		0.78		0.99		0.93

																														Total		1.04E+05		1.45E+05		6.74E+05		7.60E+05		Human toxicity		0.00		0.00		0.00		0.00

																														Percentages

																																Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																														Non-renewable resources		0.00		0.22		0.00		0.06

																														Global warming		0.13		0.09		0.00		0.06

																														Photochemical oxidation		0.01		0.06		0.00		0.00

																														Acidification		0.02		0.02		0.01		0.01

																														Eutrophication		0.84		0.60		0.99		0.88

																														Fresh water toxicity		0.00		0.00		0.00		0.00

																														Marine toxicity		0.00		0.01		0.00		0.00

																														Terrestrial toxicity		0.00		0.00		0.00		0.00

																														Human toxicity		0.00		0.00		0.00		0.00

																																1.00		1.00		1.00		1.00
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				Impact category		Unit		Hägvall et al				Weights										Ecotax min				Ecotax				min				max

												Ecotax				Ecovalues						Ecotax min				Ecotax max				Ecovalue min				Ecovalue max

								War		Peace		Min		Max		Min		Max				War		Peace		War		Peace		War		Peace		War		Peace				Ecovalue min				Ecovalue max

				Exergy (energy resources)		MJ eq,		82700		59200		0		0.17		0.004		0.24		Energy resources		0		0		13,968		9,999		327		234		19,538		13,986				War		Peace		War		Peace

				Exergy (biotic resources)		MJ eq,		14000		14300		0		0.069		0		0		Biotic resources		0		0		966		987		0		0		0		0		Energy resources		327		234		19,538		13,986

				Global warming		kg CO2 eq,		4000		2960		0.63		0.63		0.1		2.0		Global warming		2,520		1,865		2,520		1,865		400		296		8,160		6,038		Global warming		400		296		8,160		6,038

				Ozone layer depletion		kg CFC-11 eq,		0.00046		0.000429		1200		1,200		0		0		Ozone layer depletion		0.552		1		1		1		0		0		0		0		Photochemical oxidation		56		19		167		56

				Photochemical oxidation		kg C2H4 eq,		4.16		1.4		48		480		14		40		Photochemical oxidation		200		67		1,997		672		56		19		167		56		Acidification		1,599		570		1,599		570

				Acidification		kg SO2 eq,		53.3		19		18		18		30		30		Acidification		959		342		959		342		1,599		570		1,599		570		Eutrophication		12,818		9,477		12,818		9,477

				Eutrophication		kg PO4- eq,		58.7		43.4		28.57		29		218		218		Eutrophication		1,677		1,240		1,677		1,240		12,818		9,477		12,818		9,477		Human toxicity		83		10		244,800		29,640

				Fresh water aquatic ecotoxicity		kg 1,4-DB eq,		42800		141		60.86		124.37						Fresh water aquatic ecotoxicity		2,604,808		8,581		5,323,036		17,536		0		0		0		0				15,284		10,606		287,082		59,768

				Marine water aquatic ecotoxicity		kg 1,4-DB eq,		10,100,000		1,190,000		0.00001333		0.606						Marine water aquatic ecotoxicity		135		16		6,120,600		721,140		0		0		0		0

				Terrestrial ecotoxicity		kg 1,4-DB eq,		1020		153		176.47		176.47						Terrestrial ecotoxicity		179,999		27,000		179,999		27,000		0		0		0		0

				Human toxicity		kg 1,4-DB eq,		20400		2470		1.5		1.5		0.004		12.00		Human toxicity		30,600		3,705		30,600		3,705		83		10		244,800		29,640

																						2,820,899		42,816		11,676,323		784,486		15,284		10,606		287,082		59,768

																																												Percent

																																										Ecoindicator 99 weighting results		War		Peace		War		Peace

																																										Human health carcinogen		0.24		0.52		123		128

																																										Human health resp inorg		0.00		0.00		0.2		0.07

																																										Human health resp org		0.13		0.06		68		14

																																										Human health climate change		0.03		0.05		17		12

																																										Human health radiation		0.00		0.00		6.00E-05		6.00E-05

																																										Human health ozone layer		0.00		0.00		0.008		0.008

																																										Mineral resources		0.33		0.01		173		1.95

																																										Fossil Fuel resources		0.27		0.37		140		92

																																										Ecosystem quality acid/eutrophication		0.01		0.01		6		3

																																										Ecosystem quality land-use		-0.00		0.00		-0.03		0.05

																																										Ecosystem quality ecotox		29.74		0.10		15500		24

																																												1.00		1.00		521		248																		Ecoindicator

																																												Percent

																																										EPS 2000		War		Peace		War		Peace

																																										Human health		0.02		0.03		747		199

																																										Ecosystem Production Capacity		0.07		0.25		2500		1530

																																										Abiotic Stock Resurce		0.91		0.71		33000		4270

																																										Biodiversity		0.00		0.00		5		4

																																												1.00		1.00		36252		6003
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								Total damage value, MSEK		Kton deposition		Damage value, SEK per kg

						Eutrophication

						Coastal waters, N-equivalents		7200		1232		5.8

						Baltic Sea, N-equivalents		33800		1359		28

						Freshwater, P		4600		3.60		732

						Groundwater (nitrate) N-equivalents		2900		0.2		12

						Acidification, SO2 -equivalents		8700		0.2		37





				DamageValue				SEK/kg				0.51

		Tol(2007)						0.1		1.7

		Stern		Global warming		CO2		0.40		1.6		289,469,274		MSEK								Gas		MtCO2		%		källa world resources institute						Char. Factor

						CH4		8.4745628142				48,244,879		World GDP för 2006, World Bank. Million USD								CO2		26,351.3		73.5				26351.3				1

						N2O						6		Växelkurs								CH4		6,020.2		16.8				6020.2				21

						PFC																N2O		3,113.8		8.7				3113.8				310

						HFC																PFC		81.3		0.2				81.3

						SF6																HFC		259.2		0.7				259.2

																						SF6		39.5		0.1				39.5

																						Total		35,865.2						35865.3		Mt

				Eutrophication		N		66						Karakterisering

						P		1167										SEK/kg				Medel		Low		High

						PO4		380						Global warming		CO2				(medel kan också vara Stern låg, dvs ,40/kg)		0.9		0.1		1.7

						NOx		15						Eutrophication								Snitt										P		PO4

						NH3		22						marine		N		160		PO4-eq		189		381		218				P damage value		668		218

				Acidification		SO2		30						marine+freshwater		P		218		PO4-eq		189		189		189

						Nox		5						Acidification		SO2		30				7		30		30				Snitt N/P både hav och sötv				189

						NH3		11						Health								Medel-ämne		Low		High

				Health		NH3		102						respiratory		PM2.5		205				205		205		205

						NOx		35						carcinogenic		dioxin (TCDD)		333000000		1,4 DB-eq		0.26		0.0004		9

						PM2.5		205														koppar		(zink)		(bly)		järn

						SO2		49						Depletion of minerals		Cu						SEK/kg Sb-eq

						VOC		8.82		40		per kg C2H4-eq								ADP-eq		5,250		3,534		140		1,177,066		ADP=abiotic depletion potential

						Arsenic		720						Depletion of fossil fuels		kol		0.004

						Dioxin		333,000,000								olja		0.034		SEK/MJ

						Lead		5,400						Karakterisering				SEK/kg

						Mercury		54,000						Damage category		Char factors		Medel		Low		High

						Cd		153						Global warming		CO2-eq		0.9		0.1		1.7

						Cr (typical mix of Cr species)		126						Photochemical oxidation		C2H4-eq		14		40

						CrVI		990						Eutrophication

						Formaldehyde		0.5						N-value		PO4-eq		160

						Ni		15						P-value		PO4-eq		218						0		(medel marin/freshw)

														mean				189

														Acidification		SO2-eq		30		30		30

						1Kg VOC		=		0.22		kg C2H4		Health

														respiratory		PM2.5		205		205		205

														carcinogenic		1,4 DB-eq		0.26		0.0004		9

														Depletion of minerals		ADP-eq		SEK/kg Sb-eq		0		0

														Depletion of fossile fuels						0.00		0

																				kol		olja

																						"best estimated" substance (dioxin)

																						middle rent substance





						$/ton

						2006		Snitt sista fem åren		Snitt sista tio åren								Char factor antimony-eq (Sb)						Copper-eq		$/ton Cu-eq

				Bauxite		20		14		0		SEK/kg										$/ton Sb-eq				2006		Snitt sista fem åren		Snitt sista tio åren

				Copper		5897		2479		1698		10.19						0.00194				875,034		1		5,897		2,479		1,698

				Lead		960		487		315		1.89						0.0135				23,305		6.96		6,680		3,388		2,189

				Nickel		20987		10480		6752		40.51						0.000108				62,514,218		0.06		1,168		583		376

				Phosphate		5		3		3		0.02						2.75E-05		fosfat		104,484		0.01		0		0		0

				Tin		0		0		0		0.00						0.033				0		17		0		0		0

				Zinc		2661		830		584		3.51						0.000992				589,013		0.5		1,361		424		299

				Gold		449		8571537		5714708		34288						89.5				63,851		46134		20,722,849		395,439,477,538		263,642,465,761

				Silver		73424		0		0		0.00						1.84				0		948		69,639,521		0		0

				Iron ore		52		25		17		0.10						0.0000000843				196,177,656		4.35E-05		0		0		0

				Char factor exergy

				MJ/kg		SEK/MJ																94.973		g/mol		fosfat

		Bauxite		-				snitt

		Copper		130		0.08		0.15														30.973		g/mol		fosfor

		Lead		13		0.15

		Nickel		350		0.12																0.33

		Phosphate		-

		Tin		-

		Zinc		19		0.18												Snitt sista tio åren				SEK/kg Sb-eq

		Gold		3500000		0.01								SEK/MJ

		Silver										Copper		0.08		0.09		Copper				5,250

		Iron ore		0.42		0.24						Lead		0.15				Lead				140

												Nickel		0.12				Nickel				375,085

		Oljepris		Olja 36000		MJ per M3		Unit rent				Zinc		0.18				Phosphate				627

				fat=0,159 m3								Gold		0.01				Tin				0

				5724		MJ per fat						Iron ore		0.24				Zinc				3,534

				0.0174703005		dollar per MJ						Gas		0.017				Gold				383

				0.1048218029		kr per MJ						Hard Coal		0.004				Silver				0

												Oil		0.034				Iron				1,177,066





		Char factors from Guinee 2002

				Data from BeTa database				€/tonne		SEK/kg		1,4DB char factor to agr soil				1,4DB

				Version 1.07, 26th July 2006								inf		100yr		inf		100yr

						Arsenic		80,000		720		3.50E+05		3.50E+05		0.002		0.002

						Dioxin (TCDD)		37,000,000,000		333,000,000		1.90E+09		1.90E+09		0.18		0.18

						Lead		600,000		5,400		4.70E+02		2.90E+01		11.49		186.21

						Mercury		6,000,000		54,000		6.00E+03		2.60E+02		9.00		207.69

																5		99

						Externe 2005

						All results €/tonne		Cd		Cr (typical mix of Cr species)		CrVI		Other Cr		Form-aldehyde		Ni

						Sweden		17,000		14,000		110,000		0		53		1,700

						SEK/kg		153		126		990		0		0		15

				1,4DB char factor to air		inf&100yr		1.50E+05				3.40E+06				8.30E+01		3.50E+04

						1,4DB		0.001				0.0003				0.006		0.0004

						Effect / assumptions		VOC		SEK/kg		C2H4-char faktor		SEK/kg C2H4-eq

				cafe low		Monetised damage (€/tonne), all core functions		330		3		2.20E-01		14

				cafe high		Monetised damage (€/tonne), all core and sensitivity functions		980		9		2.20E-01		40

						ExternE		230		2		2.20E-01		9

						Reference results Externe 2005

								VOC

						Sweden		230														1,4 DB-eq

																Espreme values		euro/kg		SEK/kg		inf		100yr

																Arsenic		192		1,728		0.005		0.005

								1,4 DB-eq				Espreme				Lead		230		2,070		4.4		71

								inf		100yr						Cadmium		68		612		0.004		0.004

						Arsenic		0.002		0.002		0.005		0.005		Mercury		8,000		72,000		12		277

						Dioxin (TCDD)		0.18		0.18		0.18		0.18

						Lead		11.49		186		4.40		71

						Mercury		9.00		208		12.00		277

						Cd		0.001		0.001		0.004		0.004

						CrVI		0.0003		0.0003

						Formaldehyde		0.006		0.006

						Ni		0.0004		0.0004

						Med char.factors för DB to agri.soil (från tebeller fallstudier inkl.exergy)										Espreme values		euro/kg		SEK/kg		inf		100yr

								1,4 DB-eq				Espreme				Arsenic		192		1,728		0.05		5.6

								inf		100yr						Lead		230		2,070		0.63		77

						Arsenic		0.02		2.32		0.05		5.57		Cadmium		68		612		0.03		0.03

						Dioxin (TCDD)		0.26		0.26		0.26		0.26		Mercury		8,000		72,000		12		554

						Lead		1.64		200		1		77

						Mercury		9.15		415		12		554

						Cd		0.01		0.01		0.03		0.03

						CrVI		0.00		0.00

						Formaldehyde		0.01		0.01

						Ni		0.00		0.00
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Waste

				Björklund-Finnveden (2007)																																																																				Percentage

				Impact category		Unit		Net potential environmental impact										Weights		depl fossile energy		0		0						Results

																		Ecotax02				Ecovalues								Ecotax min										Ecotax max										Ecovalue min										Ecovalue max												Ecotax min										Ecotax max										Ecovalue min										Ecovalue max

								Alt 0		Alt 1		Alt 2a		Alt 2b		Milj kg		Min		Max		Min		Max						Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b						Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b				Alt 0		Alt 1		Alt 2a		Alt 2b

				Exergy (energy resources)		MJ eq,		-1.64E+04		-1.91E+04		-5.19E+04		-5.42E+04		miljoner		0		0.17		0.004		0.24				Abiotic resources		0		0		0		0		Abiotic resources		-2,770		-3,226		-8,766		-9,154		Abiotic resources		-65		-76		-205		-214		-3,875		-4,512		-12,262		-12,805				Abiotic resources		0		0		0		0		Abiotic resources		-11		-13		-35		-36		Abiotic resources		-0		-0		-1		-1		Abiotic resources		-15		-18		-49		-51

				Exergy (biotic resources)		MJ eq,		-9.01E+04		-9.01E+04		-9.61E+04		-9.28E+04		miljoner		0		0.069								Biotic resources		0		0		0		0		Biotic resources		-6,217		-6,217		-6,631		-6,631		Biotic resources		0		0		0		0		0		0		0		0				Biotic resources		0		0		0		0		Biotic resources		0		0		0		0		Biotic resources		0		0		0		0		Biotic resources		0		0		0		0

				Global warming		kg CO2 eq,		1.65E+03		1.48E+03		-3.03E+02		-5.07E+02		miljoner		0.63		0.63		0.1		2.04				Global warming		1,040		932		-191		-319		Global warming		1,040		932		-191		-319		Global warming		165		148		-30		-51		3,366		3,019		-618		-1,034				Global warming		-1		93		-19		-32		Global warming		104		93		-19		-32		Global warming		17		15		-3		-5		Global warming		337		302		-62		-103

				Ozone layer depletion		kg CFC-11 eq,		-5.69E-05		-6.23E-05		-1.31E-04		-1.26E-04		miljoner		1,200		1,200								Ozone layer depletion		-0		-0		-0		-0		Ozone layer depletion		-0		-0		-0		-0		Ozone layer depletion		0		0		0		0		0		0		0		0				Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0		Ozone layer depletion		0		0		0		0

				Photochemical oxidation		kg C2H2 eq,		-5.05E-01		-5.78E-01		-2.25E+00		-2.05E+00		miljoner		48		480		14		40				Photochemical oxidation		-24		-28		-108		-98		Photochemical oxidation		-242		-277		-1,080		-1,080		Photochemical oxidation		-7		-8		-30		-28		-20		-23		-90		-82				Photochemical oxidation		0		-375		-1,458		-1,328		Photochemical oxidation		-3,272		-3,745		-14,580		-14,580		Photochemical oxidation		-92		-105		-410		-374		Photochemical oxidation		-273		-313		-1,218		-1,110

				Acidification		kg SO2 eq,		-1.20E+00		-1.76E+00		-1.03E+01		-1.09E+01		miljoner		18		18		30		30				Acidification		-22		-32		-185		-196		Acidification		-22		-32		-185		-196		Acidification		-36		-53		-309		-327		-36		-53		-309		-327				Acidification		0		-950		-5,562		-5,886		Acidification		-648		-950		-5,562		-5,886		Acidification		-1,080		-1,584		-9,270		-9,810		Acidification		-1,080		-1,584		-9,270		-9,810

				Eutrophication		kg PO4- eq,		4.09E-01		3.27E-01		-2.52E-01		-4.59E-01		miljoner		29		29		218		218				Eutrophication		12		9		-7		-13		Eutrophication		12		9		-7		-13		Eutrophication		89		71		-55		-100		89		71		-55		-100				Eutrophication		-0		2,040		-1,572		-2,864		Eutrophication		2,552		2,040		-1,572		-2,864		Eutrophication		19,504		15,593		-12,017		-21,888		Eutrophication		19,504		15,593		-12,017		-21,888

				Fresh water aquatic ecotoxicity		kg 1,4-DB eq,		-2.85E+01		-2.96E+01		-5.68E+01		-4.99E+01		miljoner		61		124								Fresh water aquatic ecotoxicity		-1,735		-1,801		-3,457		-3,037		Fresh water aquatic ecotoxicity		-3,545		-3,681		-7,064		-6,206		Fresh water aquatic ecotoxicity		0		0		0		0		0		0		0		0				Fresh water aquatic ecotoxicity		1		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0		Fresh water aquatic ecotoxicity		0		0		0		0

				Marine water aquatic ecotoxicity		kg 1,4-DB eq,		-2.93E+04		-3.53E+04		-9.07E+04		-9.01E+04		miljoner		0.00001333		0.606								Marine water aquatic ecotoxicity		-0		-0		-1		-1		Marine water aquatic ecotoxicity		-17,756		-21,392		-54,964		-54,601		Marine water aquatic ecotoxicity		0		0		0		0		0		0		0		0				Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0		Marine water aquatic ecotoxicity		0		0		0		0

				Terrestrial ecotoxicity		kg 1,4-DB eq,		1.18E+01		1.67E+01		-1.13E+00		1.27E+01		miljoner		176		176								Terrestrial ecotoxicity		2,082		2,947		-199		0		Terrestrial ecotoxicity		2,082		2,947		-199		0		Terrestrial ecotoxicity		0		0		0		0		0		0		0		0				Terrestrial ecotoxicity		-1		0		0		0		Terrestrial ecotoxicity		0		0		0		0		Terrestrial ecotoxicity		0		0		0		0		Terrestrial ecotoxicity		0		0		0		0

				Human toxicity		kg 1,4-DB eq,		-1.92E+03		-2.12E+03		-4.56E+03		-4.46E+03		miljoner		1.50		1.50		0.004		12				Human toxicity		-2,880		-3,180		-6,840		-6,690		Human toxicity		-2,880		-3,180		-6,840		-6,840		Human toxicity		-8		-9		-19		-18		-23,040		-25,440		-54,720		-53,520				Human toxicity		2		-13		-28		-27		Human toxicity		-12		-13		-28		-28		Human toxicity		-0		-0		-0		-0		Human toxicity		-94		-104		-223		-218

																								Million SEK						-1,527		-1,153		-10,989		-10,355				-30,298		-34,116		-85,928		-85,041				139		75		-649		-738				-23,515		-26,938		-68,054		-67,869						1		795		-8,639		-10,137				-1,287		-2,588		-21,796		-23,426				18,348		13,918		-21,701		-32,078				18,378		13,877		-22,838		-33,180

																								Million euro						-170		-128		-1,221		-1,151				-3,366		-3,791		-9,548		-9,449				15		8		-72		-82				-2,613		-2,993		-7,562		-7,541

																														Results		only categories included in Ecovalue

																														Ecotax min								Ecotax max								Ecovalue min								Ecovalue max

				Ecotax max																										Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b		Alt 0		Alt 1		Alt 2a		Alt 2b

																												Abiotic resources		0		0		0		0		-2,770		-3,226		-8,766		-9,154		-65		-76		-205		-214		-3,875		-4,512		-12,262		-12,805

				Alt 0		Alt 1		Alt 2a		Alt 2b																		GHG		1,040		932		-191		-319		1,040		932		-191		-319		165		148		-30		-51		3,366		3,019		-618		-1,034

		Exergy (energy resources)		-2.77E+09		-3.23E+09		-8.77E+09		-9.15E+09																		trop ozon		-24		-28		-108		-98		-242		-277		-1,080		-1,080		-7		-8		-30		-28		-20		-23		-90		-82

		Exergy (biotic resources)		-6.22E+09		-6.22E+09		-6.63E+09		-6.40E+09																		Acid		-22		-32		-185		-196		-22		-32		-185		-196		-36		-53		-309		-327		-36		-53		-309		-327

		Global warming		1.04E+09		9.32E+08		-1.91E+08		-3.19E+08																		eutro		12		9		-7		-13		12		9		-7		-13		89		71		-55		-100		89		71		-55		-100

		Ozone layer depletion		-6.83E+04		-7.48E+04		-1.57E+05		-1.51E+05																		Humantox		-2,880		-3,180		-6,840		-6,690		-2,880		-3,180		-6,840		-6,840		-8		-9		-19		-18		-23,040		-25,440		-54,720		-53,520

		Photochemical oxidation		-2.42E+08		-2.77E+08		-1.08E+09		-9.84E+08																		Summa		-1,875		-2,298		-7,331		-7,317		-2,093		-2,547		-8,303		-8,449		204		150		-443		-524		-19,641		-22,425		-55,792		-55,064

		Acidification		-2.16E+07		-3.17E+07		-1.85E+08		-1.96E+08

		Eutrophication		1.17E+07		9.34E+06		-7.20E+06		-1.31E+07

		Fresh water aquatic ecotoxicity		-3.54E+09		-3.68E+09		-7.06E+09		-6.21E+09

		Marine water aquatic ecotoxicity		-1.78E+10		-2.14E+10		-5.50E+10		-5.46E+10

		Terrestrial ecotoxicity		2.08E+09		2.95E+09		-1.99E+08		2.24E+09

		Human toxicity		-2.88E+09		-3.18E+09		-6.84E+09		-6.69E+09

		Sum, SEK		-30,297,742,150		-34,116,445,370		-85,928,283,940		-82,325,948,830

		Sum rapporten		-30,300,000,000		-3.41E+10		-8.59E+10		-8.24E+10

		euro		-3,366,415,794		-3,790,716,152		-9,547,587,104		-9,147,327,648

		Ecotax min		-169,697,524		-128,070,435		-1,221,012,775		-1,150,598,874

		Ecotax max		-3,366,666,667		-3,788,888,889		-9,544,444,444		-9,155,555,556

		EPS2000		-22,666,667		-30,888,889		-105,555,556		-112,222,222

		Eco-Indicator 99		314,444,444		283,333,333		120,000,000		118,888,889

		ExternE		-1,197,778		-6,535,000		-51,796,667		-53,941,222

		EcoValue min		15,421,085		8,289,055		-72,067,645		-82,022,414

		EcoValue max		-2,612,832,973		-2,993,090,612		-7,561,548,227		-7,540,962,536

		Red. in env. burdens relative to alt 0, percent

				Alt1		Alt2		Alt3				Alt1		Alt2		Alt3

		Ecotax min		-25		620		578		Ecotax min		75		720		678

		Ecotax max		13		183		172		Ecotax max		113		283		272

		EPS2000		36		366		395		EPS2000		136		466		495

		Eco-Indicator 99		10		62		62		Eco-Indicator 99		90		38		38

		EcoValue min		46		567		632		EcoValue min		546		4,324		4,503

		EcoValue max		15		189		189		EcoValue max		54		-467		-532

				Alt1		Alt2		Alt3

		ExternE		446		4,224		4,403

				Reduction in environmental burdens relative to alt 0, percent
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Case study from weight pek
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																		Ecotax				Ecovalue						Ecotax		Ecotax		Ecovalue

				Impact indicator		Unit		Domestic		Abroad				Sum dom+abroad		Från Rebeckas fil		Min		Max		Min		Max				Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max		Impact indicator

				Non-renewable resources		TJ		93000		91000		MJ		184000000000		185000000000		0		0.17		0.004		0.24		Non-renewable resources		0		31,247		732		43,707		Non-renewable resources

				Renewable fuels		TJ		11000		13000		MJ		24000000000				0		0.069						Renewable fuels		0		0		0		0		Renewable fuels

				Electricity		TJ		35000		34000		MJ		69000000000				0		0.17		0.004		0.236		Electricity		0		0		0		0		Electricity

				District heating		TJ		8700		3100		MJ		11800000000				0		0.17		0.004		0.236		District heating		0		0		0		0		District heating

				Global warming		1000 ton CO2 eq		14000		7400		kg		21400000000		21500000000		0.63		0.63		0.1		2.04		Global warming		13,545		13,545		2,150		43,860		Global warming

				Photochemical oxidation		ton C2H2		10000		8000		kg		18000000		18200000		48		480		14		40		Photochemical oxidation		874		8,736		246		730		Photochemical oxidation

				Acidification		ton SO2 eq		90000		42000		kg		132000000		132000000		18		18		30		30		Acidification		2,376		2,376		3,960		3,960		Acidification

				Eutrophication		1000 ton PO4 eq		2600		420		kg		3020000000		3054000000		28.57		28.57		218		218		Eutrophication		87,253		87,253		666,906		666,906		Eutrophication		0.84		0.60		0.99		0.88

				Fresh water toxicity		ton 1,4-DB eq		2000		1600		kg		3600000		3590000		60.86		124.37						Fresh water toxicity		218		446		0		0		Fresh water toxicity

				Marine toxicity		1000 ton 1,4-DB eq		9100		8400		kg		17500000000		1890000000		0.00001333		0.606						Marine toxicity		0		1,145		0		0		Marine toxicity

				Terrestrial toxicity		ton 1,4-DB eq		170		130		kg		60200		60200		176.47		176.47						Terrestrial toxicity		11		11		0		0		Terrestrial toxicity

				Human toxicity		ton 1,4-DB eq		44000		40000		kg		84000000		81100000		1.5		1.5		0.004		12		Human toxicity		122		122		0		973		Human toxicity

																												104,398		144,880		673,994		760,136

						Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max

				Global warming		0		0		0		0

				Photochemical oxidation		0		0		0		0

				Acidification		0		0		0		0

				Eutrophication		0		0		1		1

				Human toxicity		0		0		0		0

						0		0		1		1												Impact category								Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max				Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																								Non renewable resources				3.12E+10		Non-renewable resources		0		31,247		732		43,707		Global warming		13,545		13,545		2,150		43,860

						Ecotax Min		Ecotax Max		Ecovalue Min		Ecovalue Max												Global Warming				1.35E+10		Renewable fuels		0		0		0		0		Photochemical oxidation		874		8,736		246		730

				Global warming		0.13		0.12		0.00		0.06												Photochemical Oxidation				8.74E+09		Electricity		0		0		0		0		Acidification		2,376		2,376		3,960		3,960

				Photochemical oxidation		0.01		0.08		0.00		0.00												Acidification				2.38E+09		District heating		0		0		0		0		Eutrophication		87,253		87,253		666,906		666,906

				Acidification		0.02		0.02		0.01		0.01												Eutrophication				8.73E+10		Global warming		13,545		13,545		2,150		43,860		Human toxicity		122		122		0		973

				Eutrophication		0.84		0.78		0.99		0.93												Fresh Water Toxicity				4.47E+08		Photochemical oxidation		874		8,736		246		730				104,169		112,031		673,262		716,429

				Human toxicity		0.0012		0.0011		0.0000		0.0014												Marine Aquatic Toxicity				1.14E+09		Acidification		2,376		2,376		3,960		3,960

																								Terrestrial Toxicity				1.06E+07		Eutrophication		87,253		87,253		666,906		666,906				Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																								Human Toxicity				1.22E+08		Fresh water toxicity		218		446		0		0		Global warming		0.13		0.12		0.00		0.06

																								Total				1.45E+11		Marine toxicity		0		1,145		0		0		Photochemical oxidation		0.01		0.08		0.00		0.00

																														Terrestrial toxicity		11		11		0		0		Acidification		0.02		0.02		0.01		0.01

																														Human toxicity		122		122		0		973		Eutrophication		0.84		0.78		0.99		0.93

																														Total		1.04E+05		1.45E+05		6.74E+05		7.60E+05		Human toxicity		0.00		0.00		0.00		0.00

																														Percentages

																																Ecotax Min		Ecotax Max		Ecovalue min		Ecovalue max

																														Non-renewable resources		0.00		0.22		0.00		0.06

																														Global warming		0.13		0.09		0.00		0.06

																														Photochemical oxidation		0.01		0.06		0.00		0.00

																														Acidification		0.02		0.02		0.01		0.01

																														Eutrophication		0.84		0.60		0.99		0.88

																														Fresh water toxicity		0.00		0.00		0.00		0.00

																														Marine toxicity		0.00		0.01		0.00		0.00

																														Terrestrial toxicity		0.00		0.00		0.00		0.00

																														Human toxicity		0.00		0.00		0.00		0.00

																																1.00		1.00		1.00		1.00
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				Impact category		Unit		Hägvall et al				Weights										Ecotax min				Ecotax				min				max

												Ecotax				Ecovalues						Ecotax min				Ecotax max				Ecovalue min				Ecovalue max

								War		Peace		Min		Max		Min		Max				War		Peace		War		Peace		War		Peace		War		Peace				Ecovalue min				Ecovalue max

				Exergy (energy resources)		MJ eq,		82700		59200		0		0.17		0.004		0.24		Energy resources		0		0		13,968		9,999		327		234		19,538		13,986				War		Peace		War		Peace

				Exergy (biotic resources)		MJ eq,		14000		14300		0		0.069		0		0		Biotic resources		0		0		966		987		0		0		0		0		Energy resources		327		234		19,538		13,986

				Global warming		kg CO2 eq,		4000		2960		0.63		0.63		0.1		2.0		Global warming		2,520		1,865		2,520		1,865		400		296		8,160		6,038		Global warming		400		296		8,160		6,038

				Ozone layer depletion		kg CFC-11 eq,		0.00046		0.000429		1200		1,200		0		0		Ozone layer depletion		0.552		1		1		1		0		0		0		0		Photochemical oxidation		56		19		167		56

				Photochemical oxidation		kg C2H4 eq,		4.16		1.4		48		480		14		40		Photochemical oxidation		200		67		1,997		672		56		19		167		56		Acidification		1,599		570		1,599		570

				Acidification		kg SO2 eq,		53.3		19		18		18		30		30		Acidification		959		342		959		342		1,599		570		1,599		570		Eutrophication		12,818		9,477		12,818		9,477

				Eutrophication		kg PO4- eq,		58.7		43.4		28.57		29		218		218		Eutrophication		1,677		1,240		1,677		1,240		12,818		9,477		12,818		9,477		Human toxicity		83		10		244,800		29,640

				Fresh water aquatic ecotoxicity		kg 1,4-DB eq,		42800		141		60.86		124.37						Fresh water aquatic ecotoxicity		2,604,808		8,581		5,323,036		17,536		0		0		0		0				15,284		10,606		287,082		59,768

				Marine water aquatic ecotoxicity		kg 1,4-DB eq,		10,100,000		1,190,000		0.00001333		0.606						Marine water aquatic ecotoxicity		135		16		6,120,600		721,140		0		0		0		0

				Terrestrial ecotoxicity		kg 1,4-DB eq,		1020		153		176.47		176.47						Terrestrial ecotoxicity		179,999		27,000		179,999		27,000		0		0		0		0

				Human toxicity		kg 1,4-DB eq,		20400		2470		1.5		1.5		0.004		12.00		Human toxicity		30,600		3,705		30,600		3,705		83		10		244,800		29,640

																						2,820,899		42,816		11,676,323		784,486		15,284		10,606		287,082		59,768

																																												Percent

																																										Ecoindicator 99 weighting results		War		Peace		War		Peace

																																										Human health carcinogen		0.24		0.52		123		128

																																										Human health resp inorg		0.00		0.00		0.2		0.07

																																										Human health resp org		0.13		0.06		68		14

																																										Human health climate change		0.03		0.05		17		12

																																										Human health radiation		0.00		0.00		6.00E-05		6.00E-05

																																										Human health ozone layer		0.00		0.00		0.008		0.008

																																										Mineral resources		0.33		0.01		173		1.95

																																										Fossil Fuel resources		0.27		0.37		140		92

																																										Ecosystem quality acid/eutrophication		0.01		0.01		6		3

																																										Ecosystem quality land-use		-0.00		0.00		-0.03		0.05

																																										Ecosystem quality ecotox		29.74		0.10		15500		24

																																												1.00		1.00		521		248																		Ecoindicator

																																												Percent

																																										EPS 2000		War		Peace		War		Peace

																																										Human health		0.02		0.03		747		199

																																										Ecosystem Production Capacity		0.07		0.25		2500		1530

																																										Abiotic Stock Resurce		0.91		0.71		33000		4270

																																										Biodiversity		0.00		0.00		5		4

																																												1.00		1.00		36252		6003
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								Total damage value, MSEK		Kton deposition		Damage value, SEK per kg

						Eutrophication

						Coastal waters, N-equivalents		7200		1232		5.8

						Baltic Sea, N-equivalents		33800		1359		28

						Freshwater, P		4600		3.60		732

						Groundwater (nitrate) N-equivalents		2900		0.2		12

						Acidification, SO2 -equivalents		8700		0.2		37





				DamageValue				SEK/kg				0.51

		Tol(2007)						0.1		1.7

		Stern		Global warming		CO2		0.40		1.6		289,469,274		MSEK								Gas		MtCO2		%		källa world resources institute						Char. Factor

						CH4		8.4745628142				48,244,879		World GDP för 2006, World Bank. Million USD								CO2		26,351.3		73.5				26351.3				1

						N2O						6		Växelkurs								CH4		6,020.2		16.8				6020.2				21

						PFC																N2O		3,113.8		8.7				3113.8				310

						HFC																PFC		81.3		0.2				81.3

						SF6																HFC		259.2		0.7				259.2

																						SF6		39.5		0.1				39.5

																						Total		35,865.2						35865.3		Mt

				Eutrophication		N		66						Karakterisering

						P		1167										SEK/kg				Medel		Low		High

						PO4		380						Global warming		CO2				(medel kan också vara Stern låg, dvs ,40/kg)		0.9		0.1		1.7

						NOx		15						Eutrophication								Snitt										P		PO4

						NH3		22						marine		N		160		PO4-eq		189		381		218				P damage value		668		218

				Acidification		SO2		30						marine+freshwater		P		218		PO4-eq		189		189		189

						Nox		5						Acidification		SO2		30				7		30		30				Snitt N/P både hav och sötv				189

						NH3		11						Health								Medel-ämne		Low		High

				Health		NH3		102						respiratory		PM2.5		205				205		205		205

						NOx		35						carcinogenic		dioxin (TCDD)		333000000		1,4 DB-eq		0.26		0.0004		9

						PM2.5		205														koppar		(zink)		(bly)		järn

						SO2		49						Depletion of minerals		Cu						SEK/kg Sb-eq

						VOC		8.82		40		per kg C2H4-eq								ADP-eq		5,250		3,534		140		1,177,066		ADP=abiotic depletion potential

						Arsenic		720						Depletion of fossil fuels		kol		0.004

						Dioxin		333,000,000								olja		0.034		SEK/MJ

						Lead		5,400						Karakterisering				SEK/kg

						Mercury		54,000						Damage category		Char factors		Medel		Low		High

						Cd		153						Global warming		CO2-eq		0.9		0.1		1.7

						Cr (typical mix of Cr species)		126						Photochemical oxidation		C2H4-eq		14		40

						CrVI		990						Eutrophication

						Formaldehyde		0.5						N-value		PO4-eq		160

						Ni		15						P-value		PO4-eq		218						0		(medel marin/freshw)

														mean				189

														Acidification		SO2-eq		30		30		30

						1Kg VOC		=		0.22		kg C2H4		Health

														respiratory		PM2.5		205		205		205

														carcinogenic		1,4 DB-eq		0.26		0.0004		9

														Depletion of minerals		ADP-eq		SEK/kg Sb-eq		0		0

														Depletion of fossile fuels						0.00		0

																				kol		olja

																						"best estimated" substance (dioxin)

																						middle rent substance





						$/ton

						2006		Snitt sista fem åren		Snitt sista tio åren								Char factor antimony-eq (Sb)						Copper-eq		$/ton Cu-eq

				Bauxite		20		14		0		SEK/kg										$/ton Sb-eq				2006		Snitt sista fem åren		Snitt sista tio åren

				Copper		5897		2479		1698		10.19						0.00194				875,034		1		5,897		2,479		1,698

				Lead		960		487		315		1.89						0.0135				23,305		6.96		6,680		3,388		2,189

				Nickel		20987		10480		6752		40.51						0.000108				62,514,218		0.06		1,168		583		376

				Phosphate		5		3		3		0.02						2.75E-05		fosfat		104,484		0.01		0		0		0

				Tin		0		0		0		0.00						0.033				0		17		0		0		0

				Zinc		2661		830		584		3.51						0.000992				589,013		0.5		1,361		424		299

				Gold		449		8571537		5714708		34288						89.5				63,851		46134		20,722,849		395,439,477,538		263,642,465,761

				Silver		73424		0		0		0.00						1.84				0		948		69,639,521		0		0

				Iron ore		52		25		17		0.10						0.0000000843				196,177,656		4.35E-05		0		0		0

				Char factor exergy

				MJ/kg		SEK/MJ																94.973		g/mol		fosfat

		Bauxite		-				snitt

		Copper		130		0.08		0.15														30.973		g/mol		fosfor

		Lead		13		0.15

		Nickel		350		0.12																0.33

		Phosphate		-

		Tin		-

		Zinc		19		0.18												Snitt sista tio åren				SEK/kg Sb-eq

		Gold		3500000		0.01								SEK/MJ

		Silver										Copper		0.08		0.09		Copper				5,250

		Iron ore		0.42		0.24						Lead		0.15				Lead				140

												Nickel		0.12				Nickel				375,085

		Oljepris		Olja 36000		MJ per M3		Unit rent				Zinc		0.18				Phosphate				627

				fat=0,159 m3								Gold		0.01				Tin				0

				5724		MJ per fat						Iron ore		0.24				Zinc				3,534

				0.0174703005		dollar per MJ						Gas		0.017				Gold				383

				0.1048218029		kr per MJ						Hard Coal		0.004				Silver				0

												Oil		0.034				Iron				1,177,066





		Char factors from Guinee 2002

				Data from BeTa database				€/tonne		SEK/kg		1,4DB char factor to agr soil				1,4DB

				Version 1.07, 26th July 2006								inf		100yr		inf		100yr

						Arsenic		80,000		720		3.50E+05		3.50E+05		0.002		0.002

						Dioxin (TCDD)		37,000,000,000		333,000,000		1.90E+09		1.90E+09		0.18		0.18

						Lead		600,000		5,400		4.70E+02		2.90E+01		11.49		186.21

						Mercury		6,000,000		54,000		6.00E+03		2.60E+02		9.00		207.69

																5		99

						Externe 2005

						All results €/tonne		Cd		Cr (typical mix of Cr species)		CrVI		Other Cr		Form-aldehyde		Ni

						Sweden		17,000		14,000		110,000		0		53		1,700

						SEK/kg		153		126		990		0		0		15

				1,4DB char factor to air		inf&100yr		1.50E+05				3.40E+06				8.30E+01		3.50E+04

						1,4DB		0.001				0.0003				0.006		0.0004

						Effect / assumptions		VOC		SEK/kg		C2H4-char faktor		SEK/kg C2H4-eq

				cafe low		Monetised damage (€/tonne), all core functions		330		3		2.20E-01		14

				cafe high		Monetised damage (€/tonne), all core and sensitivity functions		980		9		2.20E-01		40

						ExternE		230		2		2.20E-01		9

						Reference results Externe 2005

								VOC

						Sweden		230														1,4 DB-eq

																Espreme values		euro/kg		SEK/kg		inf		100yr

																Arsenic		192		1,728		0.005		0.005

								1,4 DB-eq				Espreme				Lead		230		2,070		4.4		71

								inf		100yr						Cadmium		68		612		0.004		0.004

						Arsenic		0.002		0.002		0.005		0.005		Mercury		8,000		72,000		12		277

						Dioxin (TCDD)		0.18		0.18		0.18		0.18

						Lead		11.49		186		4.40		71

						Mercury		9.00		208		12.00		277

						Cd		0.001		0.001		0.004		0.004

						CrVI		0.0003		0.0003

						Formaldehyde		0.006		0.006

						Ni		0.0004		0.0004

						Med char.factors för DB to agri.soil (från tebeller fallstudier inkl.exergy)										Espreme values		euro/kg		SEK/kg		inf		100yr

								1,4 DB-eq				Espreme				Arsenic		192		1,728		0.05		5.6

								inf		100yr						Lead		230		2,070		0.63		77

						Arsenic		0.02		2.32		0.05		5.57		Cadmium		68		612		0.03		0.03

						Dioxin (TCDD)		0.26		0.26		0.26		0.26		Mercury		8,000		72,000		12		554

						Lead		1.64		200		1		77

						Mercury		9.15		415		12		554

						Cd		0.01		0.01		0.03		0.03

						CrVI		0.00		0.00

						Formaldehyde		0.01		0.01

						Ni		0.00		0.00
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Conclusions

 Different weighting methods give different results. This is
reasonable if this reflect different values. However,
differences can also be explained by datagaps and different
methodological choices.

e Thus it is important to critically evaluate and discuss
different weighting methods.

o [tis important to use several weighting methods



Work In pairs

What are advantages and disadvantages of
using weighting methods?

When is it needed?

When Is It necassary?

Will you use weighting methods?
If so, for what?



Values in the valuation/weighting

« Should a weighting be performed at all or
should some aspects be given absolute
priority?

 |f a weighting Is to be made, which
approach should be used?

e |If a certain approach iIs used, which are the
welghting factors?



Examples of values in the
welghting/valuation

* View of society
— View of market economy
— View of representative democracy
— View of experts
 Ethical standpoints
— Are all living persons equally valuable?
— Are coming people of value and if so how much?

— Do animals, plants and/por ecosystems have an intrinsic value and
If so, how much?

— Do equity and justice have a value?
e View of nature
— To what extent can we forsee environmental impacts



Conclusions on weighting

An optional step
Useful to identify ”hotspots”
Useful for comparisons

Not allowed according to ISO for comparative
assertions

Different methods give different results

If you use weighting methods, use several, lookout
for datagaps, be careful with your conclusions.
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