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Overview

The recast of the Energy Performance of Buildings Directive (EPBD) 2018/844/EU introduced in Article 19a
(European Parliament, 2018) the building renovation passports serving to improve building’s energy efficiency, by
providing a long-term and step-by-step deep renovation roadmap for a specific building.
In the literature, there is no consensus that deep renovation can also be achieved by a sequence of step-by-step
renovation measures: e.g. in a study on renovation rates of energy performance activities in the residential building
stock in the Netherlands (Filippidou et al., 2017) the results showed that, despite the realization of many building
renovation activities, only small improvements on the energy efficiency of dwellings were observed. The authors
pointed out the need of single stage packages for deep renovation measures, rather than single measures.
Another study (Risholt and Berker, 2013) on the success for energy efficient renovation of dwellings in Norway
emphasizes the importance of private homeowners to have access to relevant and reliable advices, to make energy
efficient choices in the process of renovation, as a role player in the process of increasing building renovation rates.
Preliminary results showed that optimisation models for deep renovation of existing building almost exclusively
optimise single stage retrofitting. In fact, “deep renovation” is not necessarily restricted to single stage renovation, but
can also be achieved by step-by-step renovation measures. Different from the single stage approach, in the step-bystep approach the retrofitting measures are not performed at the same time. Neverthless, studies have showed that in
the real-life most renovation of single family house are performed step-by-step (EuroPHIT project, 2016). In this
context, the main goal of the present paper is to compare both deep renovation approaches, single stage and step-bystep, by applying a net present value optimisation model.

Methods

To carry out the analysis, a methodological approach of an optimisation model is outlined, and applied to several
reference buildings (representative of the building vintage). The method optimisation modelling considers building
owners’ ability to invest for energy related expenditures (assuming owner-occupied buildings only). The main target
is to maximize the net present value of (cumulated) income available for energy related expenditures minus energy
related expenditures over a certain optimisation period. It is assumed, that the building owner allocates a regular part
of her/his income and spends part of it for energy related expenses (investment costs for retrofitting measures,
running energy and maintenance costs).
Over the time, the difference between, cumulated allocated assets and energy related expenditures, generates the
energy related assets. Energy related expenditures are investment costs for retrofitting measures, energy and
maintenance costs. The results from the optimasation indicate the optimised timing of retrofitting measures, and
consequently, the new final and primary energy demand for space heating.
Then, by upscaling reference buildings for the German single family houses into building stock level, we analyse
and discuss possible impacts of these step-by-step deep renovation approach on the building stock decarbonisation
target until 2050.
Finally, the results from the step-by-step approach are be compared to single stage major renovation measures.

Results

The first results show that the step-by-step sequence of deep renovation measures varies for each building vintage,
based on the building typology database (EPISCOPE project, 2016). The reason for that is, that the timing of the
each retrofitting step is defined according to the aging process distribution of building element’s and equipment’s
material lifetime (Hansen, 2010)(Pfeiffer et al., 2010). The building typology database indicates that each building
vintage is characterized by different construction systems.
This also implies that non-insulated building elements (external walls, roof and floor) have higher probabiblity to take
longer time until the first renovation cycle is completed, than insulated ones (as insulation leads to shorter life span
than almost all other materials) (Pfeiffer et al., 2010). Naturally, this also affects the energy needs savings for space
heating.

When comparing both step-by-step and single staged approach, in terms of building’s adaptation to the codes in force,
the first approach enables faster adaptation to the building code, as the building elements can be improved at different
time steps. On the other hand, in the second approach, the renovation time step is determined by the overall building’s
lifetime, which means that by the time of the renovation a building element might not have reached its end-of-life.
Overall, for the year 2050 the results show that the analysis of both thermal renovation concepts, step-by-step and
single-stage present plausible. Further expected results aim at going deeper on singularities regarding the economic
aspects of the step-by-step, especially focusing on building owners’ ability to invest: income, budget restrictions for
retrofitting and energy related expenditures. We consider that these are key issues to performe energy efficient
retrofiiting in single family houses and therefore, achieving the residential building stock decarbonisation targets.

Conclusions

We believe that the present study considers relevant aspects of real-life retrofitting, by analyzing the step-by-step
retrofitting approach under the consideration of building owner’s ability to pay. Therefore, these aspects should be
considered, when designing policies and incentives to achieve building stock decarbonisation targets. Limitations of
this study are related to assumptions mainly regarding reference buildings characeristics (building elements and
components), building lifetime and economic aspects of building owner’s ability to invest. To guarantee accuracy on
the analyses, sensitivity analyses should include important parameters as income projection, energy price scenarios
and related policies. Further plausibility analysis should include human behaviour aspects (i.e. rebound effect),
building stock characterisation and constructed materials, market value of the building after retrofitting, ambitious of
building energy codes in terms of energy efficiency, unpredicted incomes and assets (e.g. bonus or inheritance).
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