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GHG Mitigation Strategies

There is a general consensus: 
 Dramatic reductions in CO2 emissions are needed in all 

industrial sectors and in a global effort 

 Both energy- and process-related CO2 emissions from 
industry must be addressed

 A number of GHG mitigation strategies are possible to 
reduce industrial emissions: 

o Efficiency increase

o Renewables

o Fuel switching

o Nuclear

There is no silver bullet!

o Carbon capture

o Innovative low-emission processes

o Low-emission products
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Source: IEA Energy Technology 

Perspectives 2017
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Industry:
38% of final energy consumption 
24% of direct GHG emissions

Source: IEA



Developing Decarbonized Industrial Processes
Overall context
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The Complexity of Developing Decarbonized Industrial 

Processes - Plant Level

• INSÉRER DIAPO DE PROCEDE 

• INSERER DIAPO AVEC CUBE

Electrification? Biomass? 

Which new 

technologies?

Combined heat and power?

Heat pumps?    Storage tanks?

Advanced controls?

Optimized heat recovery?

Export heat to other plants?
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Carbon capture?

A system approach is critically important to exploit the full potential 
and develop optimized designs

Interactions?

Artificial intelligence?



System Approach in Industrial Process Design

• Process integration: a well established approach for the design of 
energy-efficient industrial processes:
– Heat recovery and utility systems optimization in various industries (Pinch analysis, 

mathematical programming and optimisation)

– Also used to address increasingly complex situations e.g. constraints in existing plants, 
industrial parks, technology integration, intermittency of heat sources and sinks, etc.

• 2017: IEA Expert Workshop in Berlin, on The Role of PI for GHG 
Mitigation in Industry

• IEA IETS past and recent activities:
– Process integration in the Pulp and Paper, Steel (completed)
– Annex XIII: Application of Industrial Heat Pumps (jointly with HPP - Completed)
– Annex XV:  Industrial Excess Heat Recovery (Task 3)
– Annex XVIII: Digitalization, AI for GHG Emissions Reduction in Industry
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System Approach in Process Design and Operation
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System Approach in Process Design

Process flow 
diagrams

Various modeling, analysis, and 
optimization tools available Equipment models
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• Goals:
– Identification of waste heat potentials in industrial processes (continuous, non-

continuous and batch processes)

– Process integration: heat exchanger networks, thermal energy storage, heat pumps in 
dynamic operation

• Methods:
– Extension of existing methods for process analysis and integration (linearization, 

complexity reduction, model integration)

– Combination of Pinch analysis and mathematical programming

– Linear/nonlinear modelling, parameter fitting

System Approach in Process Design
For Cost-Effective Heat Integration

How to develop economically optimal low-emitting 
scenarios for heat recovery systems?
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System Approach in Process Design and Operation
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System Approach in Process Operation

• Goals:
– Optimal operation of the modelled plant can be calculated within the prediction horizon

– Input: model of the system, forecasts for heat load and electricity prices, etc.

– Possible features: Minimum partial load, Maximum load gradients, Minimum standstill / 
runtime, Startup / Shutdown Cost, Storage integration, Different operating modes, etc.

• Methods:
– UC Solution Approach: “Mixed Integer Linear Programming”

Simplified optimization model of a energy supply unit for a given prediction horizon

– Modeling of individual components (gas turbine, CHP, storage ...), Interlinking to the 
overall system

When-Which-How the components of the energy supply 
system are operated?
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System Aspects for GHG Reductions in 
the Industrial Sector

Technology and plant level: 
Design improvement and synergies between operations



System Aspects of CO2 Capture in Industry
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• CO2 capture: is one of the key mitigation options that can lead to deep CO2 reductions in various 
industries; however it is costly and energy-intensive

• System aspects to consider for minimizing the heat demand (and emissions) of capture process:

1. Technology and Design improvement 

2. Use of excess heat from the host process and the capture plant

System aspects: 
Design improve-
ment to reduce 
heat demand

Source: Absorption-based Post-Combustion Capture of Carbon Dioxide, Edited by P. Ferron, 2016
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• Most CO2 capture technologies use LP steam for solvent regeneration, 
but new absorption fluids (e.g. enzyme-enabled) use hot water at ~80°C

• Large amounts of excess heat are rejected to the environment
 System aspects: Use excess heat to partly or fully cover the reboiler

heat demand (directly and/or using heat pumping)

Excess heat curve

E.g. Low-temperature desorber: 

internal heat recovery + excess heat 

from the host process

Excess heat 

from host 

process

CO2 capture plant

Q1

Q reboiler

System Aspects of CO2 Capture in Industry

Heat 

Pump

Ref: D. Johansson, 2013
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• Large-scale high temperature heat pumps and new compressors are attractive options to 
provide heat to the desorber (i.e. electrification option)  

Striper overhead compression (SOC):
A highly-efficient technology to recover 
latent heat (heat pump effect)

Heat pump that upgrades waste heat in 
the DCC cooling water or process streams 
can also be used

Internal heat recovery + Stripper 
overhead compression

System Aspects of CO2 Capture in Industry

SOC: striper overhead 
compression



15System Aspects of Novel Temperature Swing 

Adsorption (TSA) System for CO2 Removal  

• Heat transfer studies showed 
expected values between heat 
exchanger and fluidized bed for 
adsorbent material

• Process simulation of the five-stage 
TSA system showed that: 
biomethane purification was 
achieved, process energy demand 
satisfied (with the aid of heat pump 
technology), more competitive than 
the state of the art
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System Aspects for GHG Reductions in 
the Industrial Sector

A broader perspective: using decarbonized energy 
sources in industry



• Availability of renewable energy sources (e.g. 
biomass, "green" electricity) is limited

• Needs are very important in each industry sector, 
as well as in transportation and buildings

• Where should we use renewables in priority? 
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Using Renewable Energy Sources in Industry

• Decarbonizing the industrial sector is essential for a low-carbon economy

• Significant potential offered by energy efficiency and new technologies… but not sufficient 

• Decarbonized energy sources are critical

A system perspective is needed to 
support decision-making



• Fuel switching from fossil fuels to biomass in high temperature applications can play 
a significant role in GHG mitigation:
– Large amounts available in some countries, notably low grade forest and agricultural biomass

– In some cases, used for power generation in low-efficiency condensing turbines 

– Can be used to replace fossil fuel with 75%+ efficiency, notably in high temperature processes, 
but many of them are overlooked 

– Large quantities needed in energy-intensive processes

• But biomass availability is limited

• Where should biomass be used in priority?
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System Aspects of Biomass Usage



Residual biomass

Industrial applications:
Furnaces/Kilns/Dryers/BoilersDistrict heating

Passenger cars

Biofuels
Biocrude

Refinery
Long-lasting products

Given the limited availability of 
renewable energies:
• What are the needs, what energy 

sources do we have, and where a 
given source should be used?

Residual biomass

Other renewable alternatives
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System Aspects of Biomass Usage



Possible biomass related pathways 
(not exhaustive)

Syngas  Pyrolysis oil  Pellets

Fluff dryer

ORC

ORC

Kiln

HRSG Fluff dryerKiln

Recip. / GT

Furnaces & Ovens

Biocoke

Boiler

PowerHeat 

CHP

ORC
Yankee dryer

Dryer

Heat 

System Aspects of Biomass Usage in Industry 
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0.13 PJ 5.1 Mt5.0 PJ

CST

3.2 TWh

NGOil Biomass

50 PJ

Fossil fuel

Based on 436 MWe installed capacity in 23 Canadian pulp and paper mills (80% load)

Replace fossil fuel in 
other industries with 
forest biomass instead of 
producing electricity in 
condensing turbines with 
low efficiency

System Aspects of Biomass Usage in Industry 
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Over 5 Mt biomass could 

save 2- 4 Mt-CO2e per year 

if diverted from 

condensing path to other 

industries 



*Renewable sources of energy provide 66% of Canada’s electricity production 

Transportation BuildingsIndustryAgriculture

Considering the limited availability of renewable electricity:
• Which industry should be electrified?
• Which electro-technologies should be applied?
• How will the cost and performance evolve?

Process electrification:
• Industrial heat pump
• Electric drive
• Electric boiler
• Resistance heating
• Direct resistance melting
• Induction furnace
• Infrared processing
• Ultraviolet curing

Renewable Electricity*

System Aspects of Electrification in Industry
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Take-Home Messages
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• There is a significant potential for decarbonizing industry                                                             
Major changes in both process design and energy supply required

• The potential of new technologies is even greater if a systems approach is adopted
 New technology should be integrated in a synergetic way that maximizes energy 
efficiency and GHG reductions 

• Process integration methods and tools exist and can be used for assessment and strategic 
screening of decarbonization options for industrial processes 

• Limited availability of decarbonized energy sources (biomass, renewable electricity)             
 Should be used where GHG reductions are maximized (industry sector vs other sectors)

• Strategic investments for decarbonization require good understanding of energy markets 
and policy instruments                                                                                                       
 Screening and arbitrage among possible options  
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