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A zero emissions car 
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•  «Zero emission car»: Yes, during the use phase. But impacts may just be shifted to another life cycle 
phase (production of the fuel; end of life of batteries/other components) 

 
• «Zero emission car», «Carbon-free product»: perhaps, but possibly the product performs poorly in 

other environmental impact categories such as human toxicity, particulate matter emissions or land 
use.  

 
• «Clean and low-energy company»: Yes, but maybe all energy intensive processes in the process chain 

have been outsourced to a producer e.g. in China, who does, in addition, not have to follow strict 
environmental regulations 

 
• Even if it’s not a «zero emission car» – how does it compare to other car types? 
 
 

Why is the life cycle perspective important? 
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What is Life Cycle Assessment (LCA)? 

Environmental impact? 

«Background» 
LCA data 

Materials, fuels, energy supply, 
transport, infrastructure, disposal,… 

Slide: courtesy of C.Bauer 
4 



What is Life Cycle Assessment (LCA)? 

LCA according to ISO 14040, 14044 

Inventory Assessment (LCI) 
Quantification of all flows into and out of 
the system boundaries 
 
Data collection: 
 a) Foreground data from industry etc. 
 b) Background data from databases 
such as ecoinvent, e.g. for production 
processes of metals or electricity, etc  
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Example of a Life Cycle Inventory (Jungbluth et al. 2012) 
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Ecoinvent database 

 
With more than 10’000 LCI datasets for ca. 3’000 products and services in the areas of 

• agriculture  
• energy supply, transport,  
• biofuels and biomaterials,  
• bulk and speciality chemicals,  
• construction materials, packaging materials,  
• basic and precious metals, metals processing,  
• ICT and electronics,  
• waste treatment,  

it is one of the most comprehensive international LCI databases. 
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Ecoinvent database 

• Ecoinvent is one of the world’s leading databases with consistent and transparent, 
up-to-date Life Cycle Inventory (LCI) data. 

 
• Ecoinvent was founded by Swiss Research Institutes in 1997.  
 
• PSI has been – and still is - supplying a major part of the data on energy and 

transports (together with other partners) 
 
• In 2013, version 3 was released, which represents an overhaul of the structure of 

the database in order to be able to handle the increasing size and complexity of the 
database. Latest version: version 3.3, released in August 2016. 

 
• Quality assurance: All datasets have to be submitted and reviewed by 2-4 experts 

before they are stored in the database 
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Ecoinvent database - how to use it 
•Not for free, but guest account possible 
http://www.ecoinvent.org/database/registration/registration-as-guest 
 
•Can be used as such (only by professionals), or – most often – through special LCA 
softwares, such as SimaPro, Gabi, OpenLCA, Brightway2 etc. 
http://www.pre-sustainability.com/simapro; http://www.gabi-software.com – license 
required 
http://www.openlca.org/; http://brightwaylca.org/ - for free, but database not included  
 
•These softwares visualise the process trees of the systems under investigation and 
calculate the LCIA with different methods 
 

Other databases:  
 - GaBi LCA Databases 
 - European Life Cycle Database (ELCD) 
 - U.S. Life Cycle Inventory Database 
 - and several other national initiatives for LCI databases 
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Ecoinvent database  - example dataset 

…inventory for many products and services, e.g. 
energy production, freight transport, wheat farming, 
copper mining, heat production, steel production, 
etc… 
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Ecoinvent online 
demonstration 



Life Cycle Assessment 

http://pgbeautyscience.com/breakthroughs-xix.php 

Life Cycle Assessment 
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http://pgbeautyscience.com/breakthroughs-xix.php 
http://www.ramcraft.co.il/Life-Cycle-Cost-LCC.htm 

+ 

Life Cycle Cost Analysis 
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+ + 
Multi-Criteria Decision Analysis (MCDA) 
 
Tradeoff analysis / Multi-criteria ranking support  

 

Social etc. 
 

Social Assessment 
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Exercise 13: Life Cycle Analysis and Multicriteria Decision Analysis 
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Exercise 13: A1 - LCA 

• Goal: Calculate the direct electricity requirements for the construction of a 5 kWp PV 
plant throughout the material input chain 
  
• Example: inverter 
 

 21 kWhENTSO-E /unit inverter  x  2.5 unit inverter / 5kWp PV plant 
 = 52.5 kWhENTSO-E / 5kWp PV plant 
 = direct electricity requirement of the inverter per 5 kWp PV plant 
 

ENTSO-E = European Network of Transmission System Operators for Electricity 
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Exercise 13: A2 - LCA 

• Goal: Calculate the cumulative emissions per kWh of electricity produced from PV, 
due to the direct electricity requirements of the 5 kWp PV plant 

  
• Approach: 

 
1) Calculate the emissions of the ENTSO-E mix 

(e.g. kg CO2-eq. / kWhENTSO-E) 
 

2) Calculate the total electricity production of the 5 kWp PV plant over its lifetime 
(kWh / 5 kWp PV plant) 
 

3) Calculate the cumulative emissions due to the direct electricity requirements of 
the 5 kWp PV plant using the result from A1 
(e.g. kg CO2-eq. / kWhPV) 
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Exercise 13: B1 - MCDA 

• Goal: Calculate the total sustainability score for the four power generation systems 
 
• Example: Score for hydro power in dimension ENVIRONMENT 
 

 CO2-equivalents   40% x 100 
 Change in unprotected area  30% x 100 
 Land use    10% x     0 
 Fatalities in severe accidents 15% x   97 
 Waste mass     5% x     0 
                  85 
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Exercise 13: B2 - MCDA 

• Goal: Establish your own weighting profile 
 
• The weighting factors in tables 3 and 4 have been determined by evaluation of the 
opinion of many stakeholders.  
 
• Each of the stakeholder has its own view on what is the most important indicator. 
 
• The outcome of the MCDA (ranking) therefore depends on the weighting factors.  
 
• Change the factors and see how the ranking can change. 
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Exercise 13: Reading 

• If you want to know more about the photovoltaic inventory, read Jungbluth et al. 
2012, which is an “ecoinvent report” 

 
• FYI: For v1 and v2 of ecoinvent, extensive reports (sometimes >400 pages) on all 

energy related technologies (coal, oil, nuclear, biomass, CHP, photovoltaics etc.) 
have been published. They are accessible here when logging in as a guest user: 
http://www.ecoinvent.org/support/old-doc/rep/ 

 
• If you want to know more about the single MCDA indicators, read Hirschberg et al. 

2004 
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Our laboratory at PSI 
Laboratory for Energy Systems Analysis (LEA) 
• An interdepartmental laboratory in the General Energy Research field under the head 
of Stefan Hirschberg 
• http://www.psi.ch/lea/ 
 
•Three groups:  

• Technology Assessment (LCA, costs, accident related risks) 
• Energy Economics (energy scenarios) 
• Risk and Human Reliability (human factor in risks) 
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Theses and internships in our lab: LCA, cost and risks 

21 

Are YOU interested in a thesis/intership with us? We have various open & interesting topics! 
 
TRANSPORT sector: 
•Costs and environmental impacts of road public transport 

•LCA of advanced vehicle power train components considering size scaling 
•LCA of Swiss transport infrastructure 

•LCA of Water based transport 
•Optimizing the implementation of Swiss biofuels in the energy and transport sectors 

•Accidents in the Swiss transport sector 
VARIOUS: 
•Risk assessment of hydropower 

•Uncertainty in Electricity Generation Mixes 
•Review of uncertainty in LCA 

•LCA of Energy Storage technologies 
•Automatic classification of LCA data 
Detailed information on: 
http://www.master-energy.ethz.ch/studies/thesis/open-positions.html 
https://www.psi.ch/ene/master-thesis-openings 



Merry Christmas  
& 
Good luck with your exam(s)! 

http://www.churchhousecollection.com/resources/Baby%20Jesus%20Reading%20To%20His%20Sheep%20Printable%20Writing%20Paper.jpg 

22 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


