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DESIGN EXPLORATION

An approach to support informed multi-criteria decisions for collective 
energy retrofitting in historic buildings

Dang M.1, Van den Dobbelsteen A.A.J.F.2, Cunin M.3

Delft University of Technology1, Delft University of Technology2, Superworld3

Context and motivation

• Large scale retrofitting activities insulating multiple 
households at once is urgently needed to reach the 
climate agreement goals;

• There is a fragmented response to the energy 
retrofitting challenge with negligible levels of energy 
efficiency improvements conducted by multiple actors;

• Homeowners find difficult to find reliable information 
on energy retrofitting: no standardized approach to 
conduct historical building retrofits, making the 
process long, expensive and unattractive;

• Parametric energy modelling is technically focused, 
lacking an integrated participatory approach to 
develop feasible energy concepts for communities.

Objectives and research questions

Proposed Methodology

Scenario filtering and 
Multi-objective optimization

 Ensure feasibility of the 
scenario (monumental 
status and user 
preferences)

 Maximize energy savings

 Minimize budget and 
payback period

 Maximize operational 
carbon emission reduction

 Maximize Indoor thermal 
comfort

Fixed inputs 

Building geometry 
(layout and functions)

Building construction 
characteristics 
(materials)

Energy data and 
energy system 
characteristics

Neighboring buildings

Climatic data

Dynamic inputs

HVAC system 

Window insulation quality

Roof insulation quality 

Façade insulation quality

Ground floor insulation 
quality

Seams and cracks sealing 
(air infiltration)

Best balanced 
retrofit package(s)

All potential retrofitting 
combinations & impacts

Heating demand

Electricity demand

Energy use intensity

Peak heating value

CO2 emissions from 
energy use

Annual utility costs

Investment costs

Payback period

Indoor thermal comfort

ENERGY MODEL 
OF THE BUILDING MULTI-SCENARIO OUTPUTS ANALYSIS
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Resident inputs 

Building user behavior and 
occupancy

Occupants' perceptions about 
indoor environment comfort

Occupant’s preferences and 
needs

INTERVIEWS 

Community information exchange

Collective understanding of the 
challenges and potential benefits of 
the energy retrofitting solutions 

Discussions on best-balanced 
retrofit packages and collective 
negotiation

KNOWLEDGE COLLECTIONCOLLECTIVE DECISION

Adoption energy retrofit 
package

With simulated 
impacts on:
 Energy use
 Budget
 CO2 emissions
 Indoor thermal 

comfort 

iterations

• Designing an optimization-based decision support 
approach to define collective energy retrofitting 
strategies in two communities in the city centre of 
Amsterdam;

• Collecting insights on decision-making in community 
investment;

• Developing knowledge on how to upgrade historical 
buildings to a Low temperature level (< 50 degrees).

What cost-efficient and collective energy retrofit solutions 
are suitable for historic buildings?
How to optimally integrate communities into the design 
process? 

• A flexible parametric energy model to support collective decision-making process has been developed. The 
model provides best-performing retrofit packages, which can be adapted to changing parameters (eg. 
budget, energy prices, CO2 emissions, expected indoor comfort and energy savings) together with the 
community.

• Giving insights on improved indoor comfort increases the negotiation space, which is often primarily 
focused on budget and payback period of the energy retrofitting scenarios.

Preliminary findings

Testing customised 
scenario based on 
community preferences

The parametric energy 
model provides direct  
feedback on the impacts 
of the scenarios in terms 
of energy, budget, CO2, 
comfort

The research is part of “Collect Your Retrofits” project, a collaboration between Superworld, AMS Institute & TU Delft


