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Objectives of our communication

 Identify the most promising actor configuration.

 Identify the selection criterion that facilitates most

agreements between actors.

 Identify the globally most promising design.

 Suggest some information visualization tools to

facilitate actor-based negotiations.

Structure of this presentation

• Introduction.

• System description.

• Method.

• Generic aspects.

• Specific approach for each actor.

• Results.

• Energy/economy analysis for each actor.

• Actor/Actor interactions.

• Conclusions and perspectives.

Aim of this study : To illustrate the application of a multi-actor approach on a real case study at urban scale, in

order to optimize the design of a waste heat recovery system.
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New generations (3rd and onwards)
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Evolution of energy networks

Source: Lund et al, 2014, Energy vol. 68 pp. 1-11.

Diversity of sources and applications

New sources (renewables, energy recovery)

Diversity of actors in the projects

Need for multi-actor approaches

Socio-technical optimality gap (Hinker)

 A new system unit may be linked to several energy units.

 Area of responsibility is different for each actor.

 Several performance indicators for each actor.

 Assemblage of Socio-Energy Nodes (Debizet and Tabourdeau)
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System description – Case study in Grenoble

o Main Existing actors/systems 

o LNCMI : high electricity consumer

o CCIAG : City Heating Utility

o Prospective system for recovery of 

industrial waste heat made up of:

• Thermal storage (STOCK)

• Heat pump (if needed) (PAC)

o 4 ownership scenarii:

• LNCMI or CCIAG

• A consortium between the two

• A third party (external)
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 Yearly simulation.

 Mixed-integer linear programming.

 Energy balance on each unit:

• High Magnetic Fields (HMF).

• Heat Dissipation Unit (HDU).

• Thermal Energy Storage (TES).

• Heat Pump (HP).

• Thermal Production Plant (TPP).

• District Heating Network (DHN).

• Network’s Sub-stations (NS).

 Cost flow balance on each unit.

 Optimize design by choosing from

• 3 waste heat temperatures.

• 5 thermal storage capacities.

 2 criteria: Energetic and Economic.

 Specific indicators for each actor.

Method – Generic aspects
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LNCMI-owner

𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 𝑭𝒂𝒄𝒕𝒐𝒓 (𝑹𝑭) =
σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑺𝒀𝑺𝑻𝑬𝑴
𝒊𝒏 𝒕 ∙ ∆𝒕

σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑳𝑵𝑪𝑴𝑰
𝒘𝒉 𝒕 ∙ ∆𝒕

∙ 𝟏𝟎𝟎

𝑵𝑷𝑽𝑶𝑳𝑵𝑪𝑴𝑰 =
𝑪𝑺𝒀𝑺𝑻𝑬𝑴
𝑸,𝒐𝒖𝒕

− 𝑪𝑯𝑷
𝒆𝒍𝒆𝒄,𝒊𝒏 − ሶ𝒁𝑴

𝑪𝑹𝑭
− 𝒁𝑰𝒏𝒗 𝑵𝑷𝑽𝑵𝑳𝑵𝑪𝑴𝑰 =

𝑪𝑳𝑵𝑪𝑴𝑰
𝒘𝒉,𝒔𝒐𝒍𝒅

𝑪𝑹𝑭

Method – Specific approach for LNCMI
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LNCMI-not-owner

(Whether owner or not)

Energetic indicator:



Owner : 𝑵𝑷𝑽𝑶𝑪𝑪𝑰𝑨𝑮 =
𝑸𝑺𝒀𝑺𝑻𝑬𝑴
𝒐𝒖𝒕 ∙ 𝒄𝑺𝒀𝑺𝑻𝑬𝑴

𝑸,𝒐𝒖𝒕
+ 𝒄𝑻𝑷𝑷

𝑬𝒏,𝒊𝒏 ∙ 𝑬𝒏𝑻𝑷𝑷
𝒊𝒏,𝑹𝑬𝑭 − 𝑬𝒏𝑻𝑷𝑷

𝒊𝒏 − 𝑪𝑳𝑵𝑪𝑴𝑰
𝒘𝒉 − 𝑪𝑺𝒀𝑺𝑻𝑬𝑴

𝒆𝒍𝒆𝒄,𝒊𝒏 − ሶ𝒁𝑴

𝑪𝑹𝑭
− 𝒁𝑰𝒏𝒗

𝑵𝑷𝑽𝑵𝑪𝑪𝑰𝑨𝑮 =
𝑸𝑺𝒀𝑺𝑻𝑬𝑴
𝒐𝒖𝒕 ∙ 𝒄𝑵𝑺

𝑸,𝒐𝒖𝒕
− 𝒄𝑺𝒀𝑺𝑻𝑬𝑴

𝑸,𝒐𝒖𝒕
+ 𝒄𝑻𝑷𝑷

𝑬𝒏,𝒊𝒏 ∙ 𝑬𝒏𝑻𝑷𝑷
𝒊𝒏,𝑹𝑬𝑭 − 𝑬𝒏𝑻𝑷𝑷

𝒊𝒏

𝑪𝑹𝑭

𝑪𝒐𝒗𝒆𝒓𝒂𝒈𝒆 𝑭𝒂𝒄𝒕𝒐𝒓 (𝑪𝑭) =
σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑺𝒀𝑺𝑻𝑬𝑴
𝒐𝒖𝒕 𝒕 ∙ ∆𝒕

σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑫𝑯𝑵
𝒍𝒐𝒂𝒅 𝒕 ∙ ∆𝒕

∙ 𝟏𝟎𝟎

Method – Specific approach for CCIAG
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Not-owner :

Energetic indicator

(whether owner or not)

Economic 

indicator



𝑽𝒂𝒍𝒐𝒓𝒊𝒛𝒂𝒕𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓 (𝑽𝑭) =
σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑺𝒀𝑺𝑻𝑬𝑴
𝒐𝒖𝒕 𝒕 ∙ ∆𝒕

σ
𝒕=𝒕𝒊𝒏𝒊

𝒕=𝒕𝒇 ሶ𝑸𝑳𝑵𝑪𝑴𝑰
𝒘𝒉 ∙ ∆𝒕

∙ 𝟏𝟎𝟎 𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒚 𝒂𝒏𝒅 𝑪𝒐𝒗𝒆𝒓𝒂𝒈𝒆 𝑭𝒂𝒄𝒕𝒐𝒓 (𝑹𝑨𝑪𝑭) = 𝑹𝑭 ∙ 𝑪𝑭

𝑵𝑷𝑽𝑶𝑪𝑺𝑹𝑻 =
𝑪𝑺𝒀𝑺𝑻𝑬𝑴
𝑸,𝒐𝒖𝒕

+ 𝑪𝑻𝑷𝑷
𝒇𝒖𝒆𝒍 𝒔𝒂𝒗𝒊𝒏𝒈𝒔

− 𝑪𝑺𝒀𝑺𝑻𝑬𝑴
𝒆𝒍𝒆𝒄,𝒊𝒏 − ሶ𝒁𝑴

𝑪𝑹𝑭
− 𝒁𝑰𝒏𝒗

Method -- Approaches for THIRD and CONSORTIUM
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𝑵𝑷𝑽𝑶𝑻𝑯𝑰𝑹𝑫 =
𝑪𝑺𝒀𝑺𝑻𝑬𝑴
𝑸,𝒐𝒖𝒕

− 𝑪𝑳𝑵𝑪𝑴𝑰
𝒘𝒉,𝒐𝒖𝒕 − 𝑪𝑺𝒀𝑺𝑻𝑬𝑴

𝒆𝒍𝒆𝒄,𝒊𝒏 − ሶ𝒁𝑴

𝑪𝑹𝑭
− 𝒁𝑰𝒏𝒗
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 Not always profitable if owner.

 (Marginal investment outweighs additional revenues)

 Energy-optimal: 85 °C, 40 MWh (Owner or not).

 Economy-opt.: 85 °C, 10 MWh (Owner) / 40 MWh (Not owner).

 Pareto-optimal solutions from 10 MWh to 40 MWh if owner.
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Results – Energy/economy for LNCMI and CCIAG
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 Always profitable, whether owner or not owner.

 (Fuel savings in heat production plants)

 Energy-optimal: 35 °C, 40 MWh (Owner or not).

 Economy-optimal: 85 °C, 10 MWh (Owner or not).

 Pareto-optimal solutions between 10 MWh and 40 MWh.
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Results – Energy/economy for LNCMI and CCIAG

 Energy-optimal : 35 °C, 40 MWh (but not rentable).

 Economy-optimal : 85 °C, 0 MWh (close for 10 MWh).

 Not profitable in many scenarios -> Complex negotiations.

 Negotiate with LNCMI for waste heat price.

 Negotiate with CCIAG for valorized heat price.

 Energy-optimal: 85 °C, 40 MWh.

 Economy-optimal: 85 °C, 10 MWh.

 Project is always profitable.

 Waste heat is “free” (LNCMI is in the Consortium).

 Fuel savings are “mutualized” (CCIAG).

Multi-stakeholder technical-economic analysis of the design of a waste heat recovery system on district heating networks
J. Fitó, J. Ramousse, S. Hodencq, L. Morriet, F. Wurtz, G. Debizet

10



Cross-analysis matrix

• Energetic criterion is controversial for CCIAG and THIRD.

• THIRD has the most complex negotiation scenario.

• Double-bound by LNCMI’s and CCIAG’s price constraints.

• CONSORTIUM satisfies existing actors to an extent.

• LNCMI -> Energy- and economy-wise.

• CCIAG -> Economy-wise.

• Economic criterion brings most agreements.

• Promising, because it contains the energy criterion in some way.

4 unique monocriterion-optimal solutions identified

Energy communities for collective self-consumption: frameworks, practices and tools 
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Results – Actor/actor analyses
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Direct agreement Negotiations over storage capacity

Negotiations over temperature Negotiations over both



 LNCMI/CCIAG CONSORTIUM.

 Economy.

 85 °C with 20 MWh (refer to manuscript).

 Cross-analysis matrix.
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Conclusions and perspectives

 OMEGAlpes.

 Constraints relaxation, choices and changes

of assemblages.

 Additional criteria (exergy, exergoeconomy,

environment…), additional actors.
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 Most promising actor configuration?

 Most conciliating criterion?

 Most promising design?

 Tools to facilitate negotiations?

Objectives Conclusions

Limitations Perspectives

 Optimize energy & economy in operation?

 In-depth negotiation analysis?

 Increase model robustness?
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• Energetic & economic criterion, 4 actors.

• Opposite vertices correspond to the same actor.

• Continuous lines : Monocriterion-optimal solutions.

• Discontinuous lines : Pareto-optimal solutions.

• Larger storage capacities prioritize energy.

• Smaller storage capacities prioritize economy.

• 85 °C with 20 MWh seems the most balanced design.

Multi-actor & Multi-criteria radar
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Extended Results – Multi-actor compromise
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