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INTRODUCTION

The climate emergency means we need to find immediate
solutions to reduce greenhouse emissions. The building
sector has to play a significant role in this reduction, given it
is responsible for 35% of the total consumption of energy
and 38% of greenhouse emissions globally. Improving the
energy efficiency of buildings through renovation is needed.

The ageing of the existing building stock also means that a
high percentage of it has been constructed to outdated
building codes and seismic hazards. This poses a great
societal risk, significant economic losses, and severe injuries
and loss of human lives.
As more buildings age, other risks related to durability of
materials also emerge.
Seismic retrofitting is needed too.



Addressing energy-inefficiencies and structural deficiencies
through replacement of existing buildings is not a viable
option (severe impact on urban fabric and society, financially
unfeasible, environmentally unsustainable). Preference should be
given to a lifetime-extension of existing buildings through
renovation.

To promote renovation, a holistic approach could be
instrumental. Until recently, renovation efforts or seismic
retrofitting interventions were directed to the energy
upgrading or the structural retrofitting alone, without
considering structural integrity or thermal comfort.
[If energy retrofitting only is applied, buildings are left
vulnerable to potential seismic events; the consequences may
range from the need for minor repair works to the total
replacement of the building, i.e. loss of investments]



The topic of integrated seismic and energy
retrofitting has gained attention over the past 7-8
years or so.

To address the technical feasibility of integrated
retrofitting solutions, different materials and
technologies have been proposed.
Their analysis and comparison is briefly discussed
next, accounting for involved costs, environmental
impact, occupancy disruption and down-time time.
Potential economic benefits and financial barriers
are also discussed.



INTEGRATED RETROFITTING CONCEPTS AND TECHNOLOGIES

When combining techniques for seismic and energy
retrofitting: important to consider their compatibility already
at the design phase, particularly in terms of possible spatial
overlapping, the scale of application, the level of disruption,
and the desired performance level.

Different types of integrated seismic+energy retrofitting solutions



Integrated exoskeleton solutions

Exoskeleton: External self-supporting system connected to an existing
building. Reduces occupant disruption, structurally effective solution.
Need of space around the structure.

Wall 
layout Shell 

layout



Shear walls, solar greenhouses, … 
Steel frame with integrated 
photovoltaics

Diagonal grids

RC exoskeleton+EPS modules

Insulating 
concrete 
formworks



Integrated solutions on existing building envelopes

+

Composite materials

Textile+mortar+insulation

Prefabricated panels (e.g. CLT)



Replacement of envelope elements (e.g. infill walls) with better performing
materials (e.g. stronger and stiffer elements, deformable or decoupled infill
walls)

Deformable or decoupled infill wallsStronger and stiffer elements 

Sliding or 
deformable 
joints 

Gap with e.g. 
elastomer



ANALYSIS OF INTEGRATED RETROFITTING TECHNOLOGIES
Indicative comparison of different seismic+energy retrofitting strategies

Improvement in 
thermal behavior: 
~40-85%

Invasiveness: 
Effect on 
character of the 
building

Disruption:
Effect on 
occupancy



Environmental impact

Materials only. Transportation+construction+demolition+waste should be considered too.



Economic benefits

Expected Annual Loss (EAL)
Probabilistic analysis (integrate 
building-specific vulnerability 
functions with seismic hazard curves 
to obtain loss-exceedance curves)

The combination of TRM with PS insulation seems to be the most cost-effective solution.

Studies on typical buildings in the 
European South: Integrated 
retrofitting ~25-30% more expensive 
than thermal only, and “much” 
cheaper than the seismic+thermal if 
applied independently



Financial, social and cultural barriers to combined retrofit interventions

High initial costs of building retrofit investments, even for measures that are cost-effective
in the long term.

In many cases those living in dwellings with poor seismic & energy performance are low-
income households, ie. the least able to invest.

If the dwelling is not owner occupied, the expected savings might not be significant for the
owner.

Difficult to find consensus in multi-family houses.

Insufficient awareness of building owners and tenants about seismic vulnerability of their
dwelling.

Incentives, including public funding are needed, to overcome the barriers (e.g. tax
reduction, tax credits).

Social awareness campaigns are needed, to attract more owners to carry out integrated
upgrading.

Information campaigns and trainings are required for professionals in the building
renovation industry.
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