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OECD CRITERIA FOR ENVIRONMENTAL 
PERFORMANCE METRICS [1]
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WHY MEASURE INDUSTRIAL 
ENVIRONMENTAL PERFORMANCE?

Maximum insight 
with maximum 

simplicity of data 
sources & analysis 

methods. 

Environmental 
Performance metrics 

are planning & 
communication 
tools for a wide 

audience. 

Measuring Industrial Environmental Performance 
LIMITATIONS OF EXISTING METRICS

• Comparing performance over time
• Highlighting optimisation potential
• Define & pursue targets
• Benchmarking
• Communication

• Representative & simple
• Show temporal trends 
• Provide basis for comparison
• Based on international standards & consensus
• Use readily available data 

[1] OECD. 2022. IEA CO2 Emissions from Fuel Combustion Statistics: Greenhouse Gas Emissions from 
Energy. Available at: https://www.oecd-ilibrary.org/energy/data/iea-co2-emissions-from-fuel-
combustion-statistics/indicators-for-co2-emissions_data-00433-en. 



SEPARATE ANALYSIS OF ENERGY & 
MATERIAL FLOWS 
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MULTIPLICITY OF METRICS & 
METHODOLOGIES 

Does not capture 
the interaction

between material
& energy flows. 

Lack of  
consistency 

hinders: 
comparability, 

meaningfulness, 
transparency & 

integrity. 

Measuring Industrial Environmental Performance 
RATIONALE & CRITERIA

• Energy intensity
• Material intensity 
• Emissions intensity 
• Annual energy/material 

consumption

• Annual emissions
• Operations metrics
• Management metrics
• Environmental 

conditions  metrics



4

§ Exergy measures the maximum useful work that can be extracted from an energy/material flow when moved
away from thermodynamic equilibrium.

Exergy-based Resource Efficiency Analysis
DEFINITONS & PREVIOUS WORK
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Exergy-based Resource Efficiency Analysis
DISCUSSION

§ Use of real-time control data in Exergy-based Resource Efficiency Analysis studies [2-4]:

• material & energy 
interactions

• resource value
• losses &
• improvement 

potential

EXERGY-BASED 
RESOURCE EFFICIENCY

[2] Hernandez, A. G., et al. 2018. Control data, Sankey diagrams, and exergy: Assessing the resource efficiency of industrial plants. Applied Energy, 218, 232-245. 
[3] Michalakakis, C., et al. 2019. Exergy and network analysis of chemical sites. Sustainable Production and Consumption, 19, 270-288.
[4] Dewulf & Langenhove (2002), Petrakopoulou et al. (2011 ), Wu et al. (2016), Mascarenhas et al . (2019 ), Wu & Wang (2020) , Zhu et al. (2005)
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IS IT POSSIBLE TO OBTAIN A GOOD PROXY FOR A PLANT’S RESOURCE
EFFICIENCY FROM PUBLICLY AVAILABLE/REPORTED DATA?

Industrial Exergy-based Resource Efficiency Analysis
RESEARCH QUESTIONS

HOW ACCURATELY CAN WE MOVE BETWEEN LEVELS OF DATA
COMPLEXITY?

Calculation of a plant’s resource efficiency using data collected through reporting and
monitoring schemes, e.g., EU ETS.

Investigation of the trade-offs between the use of different levels of data detail.  
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Case Study: Clinker Manufacturing in Europe
DATA SOURCES

§ Three models, all based on a real industrial cement plant, with different data levels were tested.

§ The four most energy & material intensive processes were studied: raw mill, preheater & precalciner, kiln,
cooler.

§Plant’s real-time control data and data reported to the EU ETS were provided by the company.

CO2 emissions

Reported data

Control data

CO2 emissions Raw materials Fuels Operating cond. Electricity

EU ETS [6]

CO2 Emissions 
and Energy 
Inventory

Average values 
for EU28 [7,8]

Control-data from the plant

Average values for 
EU28 [7,8]

CO2 Emissions and 
Energy Inventory

Typical 
values [7]

Plant’s PFD

Average values for 
EU28 [7]

CO2 Emissions and 
Energy Inventory

[6] European Commission. Union Registry Documentation. Verified Emissions for 2021.
[7] Schorcht, F., et al., 2013. Best available techniques (BAT) reference document for the production of cement, lime and magnesium oxide. European
Commission JRC Institute for Prospective Technological Studies (Report EUR 26129 EN). Luxembourg: Publications Office of the European Union.
[8] Global Cement and Concrete Association. GNR Project. Reporting CO2.
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Case Study: Clinker Manufacturing in Europe
BOUNDARIES

RAW MILL

PREHEATER & 
PRECALCINER KILN

COOLER

main material flow
fuel flow
gas flow
sensorX



9

Case Study: Clinker Manufacturing in Europe
METHODOLOGY

§ Resource Efficiency calculation path:
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Case Study: Clinker Manufacturing in Europe
METHODOLOGY

§ Exergy calculations:

Energy flows Material 
flows
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Case Study: Clinker Manufacturing in Europe
METHODOLOGY

§ Resource Efficiency definition:

Inputs

Product(s)

Byproducts

Raw Mill Preheater & 
Precalciner Kiln Cooler Plant

• Raw materials 
• Electricity

• Raw meal
• Exhaust gases
• Fuel 
• Air 
• Electricity

• Meal
• Fuel 
• Air
• Electricity

• Hot clinker 
• Air
• Electricity

• Raw materials
• Fuel 
• Air 
• Electricity

• Clinker

• Exhaust gases 
• Dust

• Hot air
• Dust

• Clinker• Raw meal

• Dust
• Exhaust gases

• Meal • Hot clinker

• Exhaust gases
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Case Study: Clinker Manufacturing in Europe
RESULTS

§ Comparison between the resource flows from the 3 models. Mapping the plant’s input/output resource
flows, measured in exergy units [103 kJ/tclinker], allows to identify losses, and thus, improvement potential.

a) CO2 emissions model b) EU ETS reported data model c) Annual average control data model 
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Case Study: Clinker Manufacturing in Europe
RESULTS

§ Resource Efficiency values obtained for the individual process and the plant has an whole:

CO2 emissions

Reported data

Control data

Raw Mill
Preheater & 
Precalciner Kiln Cooler Plant

51.5 %

49.4 %

87.4 %

86.3 %

92.6 %

90.4 %

57.0 %

52.7 %

65.5 % 79.1 % 71.8 % 82.7 % 42.9 % 

43.4 %

43.1 %
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Case Study: Clinker Manufacturing in Europe
RESULTS

CO2 emissions

Reported data

Raw Mill
Preheater & 
Precalciner Kiln Cooler Plant

4.3 % 1.3 % 2.4 % 8.4 %

32.6 % 8.3 % 20.6 % 59.6 % 0.5 % 

0.7 %

§ Comparison with the results obtained using control data:
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Conclusions & Future Work

§ Prediction of the plant’s RE from its CO2 emissions alone leads to errors as high as 57%, making this model
inadequate to estimate RE.

§ Using data reported by companies to the EU ETS it is possible to obtain an estimate of a clinker
manufacturing process RE with a maximum deviation of 8.4%, from the values obtain using control data.

§ Being less time-consuming and data-intensive, the Reported data model gives a good proxy of a plant’s real
resource use performance.
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Conclusions & Future Work

§ Application to the remaining cement plants within the EU would allow to map performance and
improvement potential for benchmarking purposes.

§ Individual plants can understand where
they sit within the Resource Efficiency
distribution for the sector.

§ Determination of both the RE and exergy
losses gives information the the
improvement potential of each company.
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Conclusions & Future Work

§ Potential use in policy-making for allocating public funding, or investors focused on Sustainable Finance
options.

§ Creation of a best environmental
performance tier system from the sectorial
distribution.

§ Companies are classified according to the
quartile their RE falls into.

§ Easy identification of best performing
companies, as well as those with greater
improvement potential.
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