
©Francois Marechal -IPESE-IGM-STI-EPFL 2014

IPESE
Industrial Process and 

Energy Systems Engineering

The potential of digitalisation 
Energy and Sustainability 

Prof François Marechal 

Ecole Polytechnique Fédérale de Lausanne 

EPFL Valais-Wallis 

CH-1950 Sion



©Francois Marechal -IPESE-IGM-STI-EPFL 2014

IPESE
Industrial Process and 

Energy Systems Engineering
Importance of digitalisation in the energy sector

© OECD/IEA 2018 

Companies invest more in energy tech startups, led by ICT sector 

Corporate venture capital and growth equity for energy tech startups reached USD 6 billion in 2017; 
companies are taking strategic positions in a changing energy system, digital firms above all others. 

Corporate investments in new energy technology companies, by sector of investing company  
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Energy efficiency and digitalisation

GeSI SMARTer 202031

To provide better context around the importance 
of each of these sectors and the role of ICT, the 
table provides the total and future global GHG 
emissions by each of our end-use sectors. The 
appendix provides additional details behind 
the assumptions used in this table. 

To summarize, the role of ICT in GHG 
abatement has been organized by change 
levers and end-use sectors. The figure below 
gives a full break down of sublevers by the 
change levers (vertical axis) and end-use 
sectors (horizontal axis). 30

30. There are other technologies that 
may in the future offer some abatement 
potential, such as 3-D printing, which 
have not been included in this report 
since it is difficult to estimate their 
feasibility and impact in the future.

Figure 7
Sublevers arranged by change  
lever and end-use sector
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4:  Abatement potential of ICT
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Adapted from GESI Smater report 2020, 2014

Market = 400 b$

around 10 % of total

[kJesaved / kJeused in ICT ] = 5
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The University of Texas  
at Austin Marechal and Baldea PSE 2018
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Integrative design : operation and investment

Single family house 1980 Heat pump/ no renovation

Multi stakeholders : Users - Investors - Utilities
• CAPEX : +180 CHF/month/100 m2 (i.e. + 4% real estate value (geneva, CH))
• OPEX : -100 CHF/month of Oil avoided (50 $/bbl)
• Grid : 45% of electricity exported but Zero-Energy
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System flexibility : smart houses/ processes are free battery

Results

Apartment block (I)

Building located in the Geneva-Cointrin climatic region and built between 1920 and 1970

Building performance (solution I)

Ind. Value (imp/exp/gen)

E [MWh] 34.8 / 00.0 / 00.0
H [MWh] 00.0 / 00.0 / 00.0
COP [-] 3.00

Building energy system design (solution I)

Unit Size

Heat pump 7.0 kWe
Battery 0 kWhe
Boiler 0 kWth
Water tank 0.22 m3

Electric heater 14 kWe
Heat tank 1.0 m3

Photovoltaics 0 kWp
Solar thermal 0 m2

SOFC-CHP 0 kWe

Annual equivalent battery performance

P. Stadler (EPFL) commelec project meeting June 22, 2018 10 / 18

Roundtrip efficiency

Offered stored energy and power by the system

Results

Cost comparison

Relative cost analysis
Flexibility investment cost assessment for di�erent building energy system designs 1

EPFL battery energy system investment cost estimation : 800 CHF/kWh
Building controller investment cost estimation : 100 CHF

Case study I: Apartment block Case study II: Single family house

1F. Sossan, Equivalent electricity storage capacity of domestic thermostatically controlled loads, 2017

P. Stadler (EPFL) commelec project meeting June 22, 2018 15 / 18

Equivalent Battery

Results

Apartment block (I)

Building located in the Geneva-Cointrin climatic region and built between 1920 and 1970

Building performance (solution I)

Ind. Value (imp/exp/gen)

E [MWh] 34.8 / 00.0 / 00.0
H [MWh] 00.0 / 00.0 / 00.0
COP [-] 3.00

Building energy system design (solution I)

Unit Size

Heat pump 7.0 kWe
Battery 0 kWhe
Boiler 0 kWth
Water tank 0.22 m3

Electric heater 14 kWe
Heat tank 1.0 m3

Photovoltaics 0 kWp
Solar thermal 0 m2

SOFC-CHP 0 kWe

Annual equivalent battery performance

P. Stadler (EPFL) commelec project meeting June 22, 2018 10 / 18

Equiv. Battery : cost 0 
Power max = 1 hour

Energy = 30% Mean cons

Roundtrip = 1.0 - 0.95

The system can deviate on demand from forecasted operation 
• Installed power is an asset for the grid 
• Real time Exchange is the key => Blockchain
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Figure 9: Multi-objective optimization solutions for an urban feeder in west Switzerland. Top: District-
level (A) and building-level (B) solutions are represented by the bars on the left and right respectively
(abbreviations in nomenclature). Bottom: The self-consumption and self-su�ciency are denoted by
continuous and dotted lines respectively

Figure 10: Urban feeder power profile for (left) day 222 - relative investment threshold✏inv =60% and
(right) day 72 - relative investment threshold ✏inv =60%

15

System level integration : micro grids
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Waste management Power2Gas
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Left : building design 
Right : district design
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15% increase

Micro-grid  approach
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Decentralised electricity with advanced Fuel Cell System

CO2

E

CH4

O2

Facchinetti, M, Daniel Favrat, and Francois Marechal. “Sub-atmospheric Hybrid Cycle SOFC-Gas Turbine with CO2 Separation.” PCT/IB2010/052558, 2011.

E

H2OO2

Products : 
Electricity > 80 %
CO2 captured
H2O 

Heat : 20%

Air

Fuel processing

Fuel cell

Post combustion

Water separationsub-atmospheric
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• Process manufacturing 
– 3D printing of processes 
– Pipeless systems 
– Supply chains integration 
– Factories of factories : 
•scaling by numbers vs by volume

Challenges : process development

Battelle Memorial Institute, 2016 

Right size - Right place - Right time



Ecole Polytechnique 
Fédérale de Lausanne

AUTONOMOUS SYSTEMS ?

Dimitrova, Zlatina, and François Maréchal. "Environomic design for electric vehicles with an integrated solid oxide fuel cell (SOFC) unit as a range extender." Renewable Energy 112 (2017): 124-142

Power plant : 3.5 kWe (eff. >70%)
Battery : 5 kWh
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Industrial system integration : circular economy

Heat recovery
Heat pumping
ORC and steam Rankine cycle
Energy and water integration
Waste management
Resource efficiency
Industrial Symbiosis
Combined fuel and heat

EPOS - Enhanced energy and resource Efficiency and Performance 
in process industry Operations via onsite and cross-sectorial Symbiosis 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under grant agreement No 679386 
This work was supported by the Swiss State Secretariat for Education, Research and Innovation 
(SERI) under contract number 15.0217 
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SYMBIOSIS IN INDUSTRY                                                                                                        
www.spire2030.eu/epos 6/8

WP1 - 0-6m progress

WP1: T1.1: understand different sectors
T1.2: define system settings to reach this goal
T1.3: develop roadmap to monitor progress

• cf 0-6m action plan
• review literature & industry practice
• capture state of RE/IS art via LESTS surveys

• develop first business cases - INEOS Lavéra & Hull

• quantify first IS benefits - INEOS Lavéra & Hull

• draft long-list of potential (non)tech IS in PI
• techs, tools, practices, services, drives, gaps, actors, ...

• set system parameters & indicators
• draft preliminary roadmap

partners status

on track

on track

done

done

on track

on track

started

done

Heat and mass (waste) exchanges
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introduction

What can I share ?

analyse energy 
consumption

Define the main energy 
drivers

characterize & prioritise 
energy savings options

Target the energy savings 
options

energy sources 
energy consumption trend 

+energy baseline

Portfolio of energy savings 
options

energy consumption breakdown 
influencing factors

optimal energy needs 
optimal operation

Data reconciliation

Process data management

Performance models (AI)

Visualisation
Benchmarking

Process modeling
Optimisation

Process control
Cost Estimation

Uncertainty
Business models

Key performance indicators
Targeting-monitoring

Life cycle impact

Reporting

Virtual reality

Reference: Siemens magazine, 2018

Digitalisation
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Optimal strategic operation of process
Application example: batch process in Switzerland


• 5 production lines

• 2 final products (A and B) 

• 2 raw materials and 5 intermediates


Subject to constraints of final products delivery quantities and dates

CO2 emission forecast for next two days based on the ENTSOE data base
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Transparent data base Predictions Model based 
Optimal scheduling

Life cycle impact 
Data

Process 
Data

https://www.entsoe.eu/data/map/

CO2

Electricity
Products
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optimal predictive strategic operation

Electricity consumption [MWh] Operating cost [EUR] CO2 emissions [kgCO2eq]

32.3 745.5 958.5

Electricity consumption [kWh] Operating cost [EUR] CO2 emissions [gCO2eq]

32.3 747.5 690.0
-27.9 %

Electricity consumption [MWh] Operating cost [EUR] CO2 emissions [kgCO2eq]

32.3 640.1 870.2

-14.2 %

Minimisation of the energy consumption

Minimisation of the operating cost

Minimisation of CO2 equivalent emissions

Electricity market

CO2 market

Utility market

Blockchain

50 hours ahead prediction

Status of inventory+ equipment Market predictions

Strategic planning
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Minutes  
7th CoPro Plenary Meeting | Frankfurt, Germany | 19 October 2018 

1 Agenda 

7th CoPro Meeting | Fri, 19 Oct 2018 
 
Fleming´s Express Hotel Frankfurt  
Poststrasse 8, Frankfurt/Main, Germany 
 

8.30 Progress and future plans in WP1 - PSE 

9.00 Progress and future plans in WP2 - divis 

9.30 Progress in operator interaction - Sabisu 

10.00 Further developments regarding IT integration - Leikon, OR Soft 

10.20 – 10.50 Coffee break 

10.50 Progress in the Covestro Use Case (20 Min) 

11.10 Progress in the INEOS Use Case (30 Min) 

11.40 Progress in the Lenzing Use Case (30 Min) 

12.10 – 13.00 Lunch Break 

13.00 Progress in the Frinsa Use Case (30 Min) 

13.30 Progress in the P&G Use Case (20 Min) 

13.50 Overview of the EPOS project and possible interactions (Kantor) 

14.30 Exploitation of projects results (inno, TUDO, presentation by SE) 

14.50 Dissemination (inno) 

15.10 Management issues, collaboration with the other projects (TUDO) 

15.40 Coffee / end of meeting 
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• System integration : identify opportunities  
•What can I share ? 
•With whom ? 
•For which profit ? 

• System operation 
•What is my status ? 
•What are my predictions ? 
•What are the predictions of the others ? 

• Billing 
•What have been the flows exchanged ? 
•Blockchain technologies ?

Industrial symbiosis digitization challenges

Sector
ProfilesEnergy Audits

Optimal 
integration

Monitoring 

Modeling

Learning 

M
y 

da
ta

 b
as

es

My tools

Knowledge
 data bases

Negociating 
Billing

Trading

EPOS - Enhanced energy and resource Efficiency and Performance 
in process industry Operations via onsite and cross-sectorial Symbiosis 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
programme under grant agreement No 679386 
This work was supported by the Swiss State Secretariat for Education, Research and Innovation 
(SERI) under contract number 15.0217 
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Biorefineries : digitalisation challenges

Bioproducts

BioenergyBiomass

Electricity

CO2

Process design
• Process / technology model data bases 
• Screening techniques 
• Knowledge based design techniques 

• Group contribution methods 
• Artificial intelligence 

Supply chain integration
•Availability of ressources 
•Needs of products 
•Size of integrated production 
•Flexible processes 
•Remote control and automation
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• Knowledge (open & transparent) data bases of processes (process models)
LENI Systems

Some results
Cmparing technologies and processes

Thermo-economic Pareto front
(cost vs e�ciency):

LENI Systems

Quelques résultats
Comparaison des technologies

Optimisation de toutes les combinaisions technologiques
(coût et é�cacité):

� gaz. préssurisé à chau�age direct est la meilleure option� The best solution is the pressurised directly heated gasifier

69 / 87

Systematic method for process system design options

Gassner, Martin, and François Maréchal.  Energy & Environmental Science 5, no. 2 (2012): 5768 – 5789. 

Develop surrogate models (e.g. Pareto sector profiles)

Open Data
Digitalisation

Shared data base 
Shared models
Artificial Intelligence

Wasting 1.5 years of computation time stored in one paper ? 
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Digitalisation for decision support

Solutions generator 
using optimisation 

techniques

Solutions Browser 
KPI modeling 

Artificial Intelligence

Solutions Report 
Multi-criteria 

Multi-stakeholders

urbio.ch
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Integrating solar energy in industrial processes

Wallerand, Anna S., et al. "Optimal design of solar-assisted industrial processes considering heat pumping: Case study of a dairy." Renewable Energy (2017).

Industrial processes

Solar Heat Boiler/cogen

Cooling and refrigeration

Heat 
pump

Raw materials Products

storage

PV

Bat.

Waste

Heat

t

t

t

Natural gas 
8.1 ct€/kWh 

Grid electricity 
14.2 ct€/kWh

Heat recovery

Heat pumping

Solar energy

Multi-energy system 
=> flexibility assets 
=> MPC
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Production 
SNG  

WOOD 
100 MWth, dry

170 MW SNG

37 MW Waste heat

Electricity 
145 MWth, dry

H2 
123 MWth, dry

38  MW Useful heat Industry

City

Fuel

Summer

Industry is part of the renewable energy system !

SNG 
production

WOOD 
100 MWth, dry

67.5 MW SNG

CO2

 

16.8 MW Waste heat

(108 kg CO2 avoided / MWh wood)

1.4 MW net electricityWinter

Combined heat, fuel and storage SNG : Synthetic Natural Gas
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Integrated Circular Systems

Needs 
• Big data  

Multi-Energy infrastructure : 
• operation  
• planning 

Business 
• Resources 
• Energy 
• Water 
• Waste

Needs

data



©Francois Marechal -IPESE-IGM-STI-EPFL 2014

IPESE
Industrial Process and 

Energy Systems Engineering
Challenges of Digitalisation for energy and environment

Operation 

– Monitoring 

– Control : market and trading 
– Blockchain

Process development 
– 3D printing 

– Interconnectivity 

– Flexible/Robust 
– Integrated automation

System integration 
– decentralised but integrated 

– infrastructure & service 
management 

– intermittent resources 

Capitalising knowledge 

– open data 

– open models 
– Artificial intelligence 

– Decision support

Digitalisation



For those interested :  

IETS Annex XVIII 
Digitalization, Artificial Intelligence and Related Technologies 

for Energy Efficiency and GHG Emissions Reduction in Industry 

Mouloud Amazouza, Zoé Périn-Levasseura, Paul Stuartb 

aNatural Resources Canada, CanmetENERGY, Varennes (CA) bPolytechnique Montréal, Montréal (CA) 


