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Fundamental approaches in creating large LCIs

Based on measured data

• typically high data quality

• misreporting

• background information (e.g. 

calibration/ reference state) 

necessary

• gaps for small facilities and 

regions with limited enforcement
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Based on modelled data

• completeness

• full cause-effect chain coverage

• options for predictions and 

analysis

• influence of operational practices 

unclear

• (typically) less accurate than 

measured data

How to combine 

at large scale?

Example here: Emission inventory of all global fossil power plants, refineries, steel mills and cement plants



Evaluation of data sources
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What are suitable evaluation criteria?

Open Power Systems Data (OPSD)

eGrid

E-PRTR

Sustainability reports

WEPP database

European Union Emission Trading System

(EU-ETS)

IEA World Energy Balances

Tech reports

CARMA database

Global Energy Observatory

Global Energy Monitor

Enipedia

ENTSO-E

Remote sensing data

EIA International Energy Statistics

Environmental legislation



Emission limits as suitable data source?
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based on NETL (2007)
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Example for air pollution legislation in India
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IEA CCC (2017)

(under copyright)



Suitability of remote sensing data
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NASA Goddard Space Flight Center (2021)

(under copyright)

Refinery identified near Marseille as SO2 emission source, but:

• amounts and time series do not match reporting

• other emission sources (steel mill/ power plants) are missed

Still: Validation option? 
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Example for an emission modeling hierarchy
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Case A: All emissions reported

→ take reported emissions

Case B: Emissions missing, activity data reported

→ estimate from activity and fuel/ process properties

Case D: Everything missing

→ Estimate generation from capacity factor, then case B

Case C: Some emissions missing, at least CO2 emission reported

→ Estimate activity with CO2, then like case B
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Own work (CC BY 4.0), 

Google Maps (2021)

(under copyright)

The importance of the specific emission abatement

NOx

PM2.5

SO2

Identification of flue gas treatment with satellite imagery

combustion



Model validation (example: CO2 and NOx emissions for coal power)

5/8/2023Chair of Ecological Systems Design - Christopher Oberschelp - cobersch@ethz.ch 9

CO2
NOx

Oberschelp et al. (2019)

(under copyright)
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Additional data needs for connecting LCI and LCIA
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height = 137m

T = 217°C

v = 22.3m/s

ሶ𝑚𝑆𝑂2 = 0.104kg/s

LAT = -23.704°

LONG = 27.561°
Coal power SO2 emissions by plant (2012)

5 kt/a

Oberschelp et al. (2019)

(under copyright)

Some additional data on flue gas characteristics

had to be added to combine emission

inventories and impact assessment. kamilpetran/ iStock

(under copyright)



Regional patterns of technical specifications
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Google Maps (2020)

(under copyright)
Google Maps (2020)

(under copyright)

Refineries in Japan: few very high stacksRefineries in the US: many low stacks

Some additional data on flue gas characteristics have to be added to 

combine emission inventories and impact assessment.



Global industrial emission inventories

Pollutant coverage:

CO2, PM2.5, SO2, NOx, NH3, 

partly mercury and methane
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Power plants

Oil refineries

Steel mills

Cement plants

Industrial sites:

own work (CC BY 4.0)

Result: Emission inventories that combine emission 

measurements and mechanistic models globally.

European part of the 130’000 industrial sites



Example for open issues: terminology problems between disciplines
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Weidema et al. (2013)

“Particulate emissions are separated according to the diameter class. Three categories are distin-

guished, namely less than 2.5 micron, between 2.5 and 10 micron, and more than 10 micron […]. 

Particulate emissions are inventoried as particulates and as specific substance emissions, implying a 

(minor) double-counting of mass. […]”

Only “filterable PM”?

Also “condensable PM”?

How to understand “dust”?

Exclusion of certain types?

“Minor” vs. full double counting?

How to connect with LCIA?

Inconsistencies between data sources?



Main learnings

• Priority: Resource/ time management!

• Not all available large data sources are suitable

• A clearly defined data hierarchy is necessary to handle 

data conflicts and set focus

• For long-term data projects, it can be better to avoid 

one-time data sources (e.g. some academic data)

• Major challenges in terminology remain

• Only relying on well-documented data may not be an 

option
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All data and models are/ will be open source:

1. Coal power emissions and model: 

https://doi.org/10.17632/dm3rjb9ymc.1

2. PM fate model; detailed + aggregated CFs: 

http://dx.doi.org/10.17632/8jnj4vzbh6.1

3. Coal/ oil/ gas power, refining, steel, cement

emissions and impacts: tbd

Thank you for your attention!

Legal notice:

Presentation released under a CC BY 4.0 licence except for the parts where the 

author does not have the necessary rights.
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