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Abstract
 
The European Council, during the March 2007 meeting, focused on the need of improving 
energy efficiency in the European Union and asked for a prompt response to the priorities 
defined in the "Action plan for energy efficiency". The Plan identified the important energy 
saving potential in building costs and especially in residential building. This way, it is possible to 
gather that there is still a great unrealized economically convenient potential for energy savings 
in buildings. Nevertheless, it is really important that this operation follows a correct cost-benefit 
analysis, based on a method conforming to the new Directive 2010/31/EU. In fact, this Directive 
states that the measures to improve further the energy performance of buildings should take 
into account cost-effectiveness. This research is a preliminary approach for the methodological 
application of the EU Directive, with the intent of giving a model for the member States during 
the implementation process. In particular, the model approaches issues connected to the "major 
renovation" of existing multi-family residential buildings owned and managed by the State. 
Starting from the building energy needs, the model evaluates the effects of a building element 
renovation, pointing at energy savings and socio-economic costs during the intervention life-
cycle. The acceptable maximum cost of the renovation intervention is analyzed considering the 
range of validity of the cost optimal curve for the minimum energy requirement. The report is 
completed by a selection of case studies taken from the Italian social housing context in order to 
validate the methodology studied.
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Introduction
 
The European Council, during the March 2007 meeting, focused on the need of improving 
energy efficiency in the European Union to achieve the objective of reducing by 20% the 
Union’s energy consumption by 2020 and asked for a prompt response to the priorities defined 
in the "Action plan for energy efficiency". The Plan identified the significant potential for cost-
effective energy savings in the buildings sector. In fact, buildings account for 40% of total 
energy consumption in the Union and housing sector is one of the major contributors. Since the 
sector is expanding, it represents a great unrealised potential for energy savings. About that, 
during last May 2010, Directive 31/2010/EU on energy performance of buildings was issued and 
recast the 2002 version [1]. The Directive underlines the need to define measures for improving 
further the energy performance of buildings, using a new set of minimum requirements for the 
energy performance of buildings and building elements calculated through a new assessment 
methodology. The calculation method should be developed taking into account climatic and 
local conditions as well as indoor climate environment and cost-effectiveness. Moreover, it 
should be based not only on the season in which heating is required, but should cover the 
annual energy performance of building. The new requirements should also be set to achieving 
the cost-optimal balance between the investments involved and the energy costs saved 
throughout the life cycle of the building or the building element. To confirm this assumption, two 
recent European-wide studies [2], [3] show that 75-85% of the technical savings potential for 
2020 is comprised of cost-effective options.
By the end of June 2011, the European Commission should lay down a comparative 
methodology framework for calculating cost-optimal levels of minimum energy performance 
requirements, for different kinds of interventions. 
The main purpose of this paper is to give a preliminary support to the framework for the 
definition of the cost-optimal minimum requirements for building elements during major 
renovations of existing buildings. Since the public sector should lead the way in the field of 
energy performance of buildings, an application of the purposed method to Italian social housing 
case study should be taken into consideration.
 
The methodological approach
 
The Directive 2002/91/EU describes how the energy performance of buildings should be 
evaluated and required the Member States to find a maximum energy consumption level based 
on a standard use of the building without taking into account costs issues. Now the new 2010 
Directive requests the Member States to set minimum energy performance requirements for 
buildings taking into consideration cost-optimal levels, that shall be calculated according to a 
comparative methodology.
The comparative methodology framework shall be established in accordance with Article 5 and 
especially with Annex III. It shall differentiate between new and existing buildings and between 
different categories of buildings. Article 5 contains the full legal text while Annex III gives a 
sketch for developing a comparative methodology framework to identify cost-optimal levels of 
energy performance requirements for buildings and building elements.
For further understand the methodological approach, it's necessary to preliminarily refer to some 



definitions taken from the Directive, such as "major renovation", “building element” and “cost-
optimal level” as well as the calculation steps identified in the Annex III.
 
The Directive identifies ‘Major renovation’ as the renovation of a building where:

a. the total cost of the renovation relating to the building envelope or the technical building 
systems is higher than 25 % of the value of the building, excluding the value of the land 
upon which the building is situated; or

b. more than 25 % of the surface of the building envelope undergoes renovation;
 
Member States may choose to define a ‘major renovation’ either in terms of a percentage of 
the surface of the building envelope or in terms of the value of the building. If a Member State 
decides to define a major renovation in terms of the value of the building, values such as the 
actuarial value, or the current value based on the cost of reconstruction, excluding the value of 
the land upon which the building is situated, could be used.
 
A ‘building element’ is a technical building system or an element of the building envelope.
 
‘Cost-optimal level’ means the energy performance level which leads to the lowest cost during 
the estimated economic life cycle, where:

a. the lowest cost is determined taking into account energy-related investment costs, 
maintenance and operating costs (including energy costs and savings, the category of 
building concerned, earnings from energy produced), where applicable, and disposal 
costs, where applicable; and

b. the estimated economic life cycle is determined by each Member State. It refers to 
the remaining estimated economic life cycle of a building where energy performance 
requirements are set for the building as a whole, or to the estimated economic life cycle 
of a building element where energy performance requirements are set for building 
elements.

The cost-optimal level shall lie within the range of performance levels where the cost benefit 
analysis calculated over the estimated economic life cycle is positive.
 
The sketch suggested in Annex III requires each Member State to:

a. define reference buildings that are representative in terms of functionality and climate 
conditions. The reference buildings need to cover residential and non residential 
buildings (e.g. offices), both from new and existing;

b. define energy efficiency measures to be assessed for the reference building. These 
can be measures for building as a whole, for building elements, or for a combination of 
buildings elements;

c. assess the final and primary energy need of these reference buildings. The calculation 
must be done in accordance with relevant European standards;

d. calculate the costs of the energy efficiency measures during the expected economic life 
cycle of the reference buildings. Investment costs, maintenance and operating costs, 
earnings from energy produced and disposal costs (if applicable) need to be taken into 
consideration. 



Calculation steps
 
Conforming to the sketch of Annex III, the proposed methodology requires the knowledge of few 
variables (input data) and it can be represented graphically using the following flow-chart:
 

 



Definition of reference building
 
Buildings have an impact on long-term energy consumption. Given the long renovation cycle 
for existing buildings, new, and existing buildings that are subject to major renovation, should 
therefore meet minimum energy performance requirements adapted to the local climate.
Major renovations of existing buildings, regardless of their size, provide an opportunity to take 
cost-effective measures to enhance energy performance. For reasons of cost-effectiveness, 
it should be possible to limit the minimum energy performance requirements to the renovated 
parts that are most relevant for the energy performance of the building.
 
Building stock used is as follow:

● same building typology;
● same wall layers;
● no insulation in external walls, floors or roof;
● same heating system;
● same construction years (1968-1975);
● subject to “major renovation intervention” by applying an external wall insulation layer to 

the whole external surface.
 
 
Energy performance
 
The calculation of the energy performance after the refurbishment intervention is made by using 
a simplified methodology developed by the Energy and Environment National Agency (ENEA).
The methodology can be summed up as follows:
 
∆Qh = ∆U ∗ ∆T ∗ S
∆Qa= DD ∗ 24 ∗ f ∗ R ∗ ∆U ∗ S/1000 [kWh]
Qpr  = ∆Qa / ηg  
 
∆Qh = energy for heating [W]
Qa = energy ….  [W]
Qpr = primary energy saved
f = correction factor for average indoor temperature (for intermittent heating) [-]
R = correction factor for non heated  [-]
S = area of intervention [sqm]
∆U = predicted U-value post intervention [W/sqm K]
ηg = global efficiency of heating system
 
The calculation of energy performance of the building elements is made using the EN 
6946:2008.
Energy saving is obtained as the primary energy demand before the intervention, minus the 
energy demand after the refurbishment, plus the feedstock energy of the construction materials 
used.



 
Economic assessment
 
The proposed model simulates the change in the cost of the intervention to achieve a specified 
energy performance.
 
Input data

● discount rate;
● period of time;
● average unit price of the energy vector;
● estimated long term energy price development.

 
The model gives an economic assessment of the proposed intervention by calculating the 
Net Present Value (NPV), if this is equal to or greater than zero, then the proposal can be 
considered cost-effective over the life cycle considered. When the NPV returns exactly zero, we 
are dealing with minimum level performance under which it is not suitable the initial investment.
The choice between various interventions with positive values ​ ​of NPV, can be done separately 
evaluating the factors involved. For example, one can choose to focus on the energy saved 
during life cycle, or give priority to the investment cost.
 
At this time, we need to make some considerations about estimated discount rate, annual 
increment of energy price and building element life cycle.
As mentioned before, discount rate and the annual increment of energy price are two 
exogenous input data for the calculation. So, they not depend from the practitioners but from the 
indexes that are annually updated from Public Authorities.
In consideration of that, the Italian Institute of Statistics revealed that the average inflation rate 
for the 2010 is equal to 2,3 %.
Since the aims of this paper are to define a methodological approach that conform EU Directive 
and apply it to a set of social housing' case studies, it's reasonable to assume this average 
value as the reference for the two variables mentioned above.
In fact, on the long period it's always difficult setting appropriate values. This why we cannot 
make future previsions without considering a minimum level of uncertainty.
Thus, refer to average values could be a correct approach.
In particular, we assume that the discount rate for a long period investment on a Public property 
can correspond to the social rate of time preference and its value thus match the average 
annual inflation rate.
According to previous assumption, in relation to estimated long term energy price development, 
we can set a minimal annual  growth that match the average inflation rate.
The Directive states that “the estimated economic life cycle of a building or building element 
should be determined by Member States, taking into account current practices and experience 
in defining typical economic life cycles.”
From a methodological point of view, a common definition of life cycle of a single intervention is 
the key in his economic assessment. This aspect is very delicate and, obviously, it depends on 
a range of causes, such as:



 
● For every kind of intervention, the variability of technological construction typology;
● Based on local tradition, the variability of construction systems.

 
According to Directive regulations, an Italian report, made by ENEA [4], allows to define the 
estimated life cycle of walls insulation systems. The report states that the life cycle mainly 
depends on the duration of the insulation layer and therefore, it’s reasonable to assume a period 
of 20 years as a life cycle for this kind of intervention.
 
Environmental Costs (externalities)
 
For a better assessment it is necessary to take into account the energy stock of the materials. 
It was decided to count all the feedstock energy in the first year of the intervention, because its 
weight is equivalent to an initial investment and should not be distributed on its life-cycle.
 
Application to case studies
 
The sample buildings were analyzed by the method proposed by the project TABULA, asset 
rating with standard user. Despite common elements, the buildings considered are different in 
size and number of floors.
We've considered an intervention common to all buildings with the same material and same 
finish, a layer of EPS and exterior plaster as finish. For each thickness of insulation you can find 
usually on trade and for some characteristics values, were calculated the energy performance, 
assessed as primary energy savings of the intervention and its maximum cost.
 
Results
 
From the analysis we obtain the relationship, in graphic form, which describes the type of curve 
optimal level of cost as a function of energy performance. 
The study led to the definition of a curve defined by a unique equation. The important thing 
is that this curve, as shown on the application case studies, does not change, but is only 
translated in the Cartesian plane, according to a vector that depends on the cost of primary 
energy saved, and then the investment cost. This makes the curve actually usable. 
It is important to emphasize the role of Member States in defining the limits of validity of 
the curve. We propose a threshold level that coincides with the current legislation on the 
element building U-value. The upper limit stands at a point where the gap between curve type 
and “environmental” curve is not too broad. This point match with the maximum of the curve 
below that represent the relationship between savings and “environmental” costs.
 



 
Discussion and conclusions
 
Applying this methodology, each Member State assess the input data and calculate the results. 
The methodology and local data will then allow to identify cost-optimal level of minimum energy 
performance requirements for building elements renovation, and can compare the results of this 
calculation with the minimum energy performance requirements that are currently in effect.
The method used leads to the definition of a new unit of measure of the energy performance 
because more consistent with the concept of cost-optimal curve, in fact a single index would not 
be able to define type curves.
In addition to that we think in terms of environment, considering the energy of the feedstock 
materials. Knowing a mean energy for the EPS [5], we calculate a new curve in our opinion 
more realistic in terms of cost-effectiveness in describing the life-cycle.
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Annex I - Extract from case studies and tool for calculation
 








