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Abstract
The Commission Delegated Regulation No. 244/2012
supplementing Directive 2010/31/EU on the comparative
methodology framework for calculating cost-optimal
levels of minimum energy performance requirements

1. Introduction
1.1 The comparative methodology
framework

enforces Member States to perform an analysis to

European Directive 2010/31/EU (European Union,

determine the sensitivity of the calculation outcomes to

2010) on the energy performance of buildings

changes in the energy price developments and the
discount rates, as well as other parameters which are
expected to have a significant impact on the outcome of
the calculations.
In Italy the cost optimal methodology has been
performed by using a simulation tool enforced on a
quasi-steady state numerical model (UNI/TS 11300) while
the cost optimisation procedure is based on a sequential
search-optimisation

technique

considering

discrete

options, as introduced in a previous work (Corrado et al.,

requires Member States to take the necessary
measures

to

performance

ensure

that

requirements

minimum
for

energy

buildings

or

building units are set with a view to achieving
cost-optimal levels. Member States shall calculate
cost-optimal

levels

of

minimum

energy

performance requirements using a comparative
methodology framework.
The comparative methodology framework has

2014). Packages of energy efficiency measures giving

been established by the Commission Delegated

optimal EP levels have been found for different buildings

Regulation No. 244/2012 (European Union, 2012a)

and climatic conditions (Italian Ministry of Economic

supplementing the Directive 2010/31/EU, in order

Development, 2013; Corrado et al., 2013). Results show

to calculate cost-optimal levels of minimum

that the optimal solutions are strongly influenced by

requirements for the energy performance of

energy costs of the different energy wares, and this can

buildings and building elements. The Guidelines

affect the suitable technical solutions for refurbishment.

that accompany the Regulation (European Union,

The present work is focused on the definition of different

2012b) include information to help Member States

economic scenarios. The aim is to assess a wide economic

to apply the comparative methodology at the

framework as to determine the influence of the energy

national level.

cost and discount rate on the costs/benefits analysis and

A cost-optimal level is the energy performance

how cost optimal solutions can change according to these

(EP) level which leads to the lowest global cost

trends. Different energy cost variations are considered for

during the estimated economic lifecycle, taking

electricity and natural gas, which are the most used

into account energy-related investment costs,

energy carriers in Italy. The economic framework is

maintenance and operating costs (including energy

applied to four Italian reference buildings to emphasize

costs and savings, the category of building

its influence when different building uses and climatic

concerned, earnings from energy produced), and

boundary conditions are considered. Discrepancies in

disposal costs, where applicable.

results are then discussed.

The

comparative

methodology

includes

the

following steps:
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-

-

-

-

-

(RBs),

(Italian Ministry of Economic Development, 2013;

representative of the building stock in terms of

Corrado et al., 2013) in which energy efficiency

function and climatic conditions,

measures and related costs were identified for

identification of energy efficiency measures

several reference buildings and climatic conditions,

(EEMs), in terms of different packages/variants

the present article investigates different economic

for each RB,

scenarios in order to determine the influence of the

calculation of the primary energy demand

energy cost and of the discount rate on the

resulting from the application of the EEMs to a

costs/benefits analysis and to verify how the cost

RB,

optimal solutions might change in case of different

calculation of the global cost in terms of net

variations of the energy price development. The

present value for each RB in the expected

most used energy carriers in Italy, i.e. electricity

economic lifecycle,

and natural gas, are taken into account in the

derivation of a cost-optimal level of energy

analysis.

definition

of

reference

buildings

performance for each RB and, consequently,
the optimal EEM package/variant.
Several studies have been carried out on this topic,
concerning, for instance, the methodology for cost-

2. Economic scenarios in the costoptimal analysis

optimal analysis (Ascione et al., 2105; Hamdy et al.,
2013) and the definition of reference buildings
(Brandão de Vasconcelos et al., 2015).

2.1 Description of the reference
buildings

1.2 Sensitivity analysis on some key
parameters

In order to analyse different economic scenarios,

For the purpose of adapting the comparative

Economic Development, 2013; Corrado et al., 2013),

methodology framework to national circumstances,

each one considered in two different Italian

the

climatic zones, Milano (zone E – 2404 HDD) and

Commission

Delegated

244/2012

(European

Member

States

to

Regulation

Union,

2012a)

determine

the

two reference buildings are selected among those
introduced in previous works (Italian Ministry of

No.

requires
estimated

Palermo (zone B – 751 HDD).
The first reference building is a multi-family house

economic lifecycle of a building and/or building

taken

element, the appropriate cost for energy carriers,

Typology”, as developed in the Intelligent Energy

products, systems, maintenance, operational and

Europe TABULA project (Corrado et al., 2011). The

labour costs, primary energy conversion factors,

second reference building is an office building-type

and the energy price developments. Member States

as defined by ENEA (Margiotta, 2010).

from

the

Italian

“National

Building

should also establish the discount rate to be used in
both macroeconomic and financial calculations.

Table 1 – Main geometric data of the reference buildings

In addition, the Regulation requires the Member
States to undertake some sensitivity analyses,
when outcomes depend on assumptions on key

Main geometric data
Reference
Building

parameters of which the future development can

Vg

Af,n

Aenv/Vg Aw

[m3]

[m2]

[m-1]

[m2]

no.
units

3076

827

0.51

150

12

1339

363

0.60

115

12

have a significant impact on the final result. A
sensitivity analysis is required on different price
scenarios for all energy carriers of relevance in a

Residential

national context, plus at least two scenarios each
for the discount rates to be used for the
macroeconomic

and

financial

cost

optimum

calculations.
Starting from the outcomes of a previous study
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Both the case studies belong to the construction

2014) and the global cost analysis is performed

period ranging from 1946 to 1976. The main

according to EN 15459 (European Committee for

geometric data do not differ across the climatic

Standardization, 2007), considering an estimated

zones (see Table 1).

economic lifetime of 30 years for the residential

2.2 Identification of the cost-optimal level
of energy performance through a
cost-optimisation procedure

buildings and 20 years for the offices, a discount
rate of 4%, and applying a financial cost optimum
calculation.
The cost optimisation is carried out by means of a

The energy efficiency measures (EEMs) applied to

procedure

each reference building have been defined by the

optimisation

Italian Ministry of Economic Development (2013)

options, as described in Corrado et al. (2014). The

and by Corrado et al. (2013). An appropriate

optimal level of annual primary energy use for

parameter is associated to each measure; e.g. the U-

heating, cooling and domestic hot water, and the

value for the thermal insulation of the building

corresponding actualized global cost are shown in

envelope, the heat generator efficiency (either  or

Table 2 for the selected reference buildings. The

COP or EER) for the technical systems replacement,

related optimal values of the design parameters are

the collectors area (Acoll) for the thermal solar

listed in Table 3.

system installation, the peak power (WPV) for the

based

on

a

technique

sequential

search-

considering

discrete

Table 2 – Cost optimal level of the reference buildings

photovoltaic system installation. For each measure,
up to five energy efficiency options or levels
(EEOs)

are

defined.

The

first

level

usually

Reference Climatic
Building Zone

represents an inefficient solution used as a test
value; the second level represents the requirement

EP
[kWh m-2]

Global cost
[€ m-2]

Milano
61.0
(2404 HDD)

495

Palermo
36.6
(751 HDD)

384

Milano
86.9
(2404 HDD)

781

Palermo
65.3
(751 HDD)

695

fixed by current legislation (Italian Government,
2005); the levels from the third to the fifth (if

Residential

applicable) are more efficient solutions.
The initial investment cost associated to each EEO
comes either from extensive market surveys or
from official databases. The costs of the energy
carriers are derived from the National Authority
for

Electricity

and

Natural

Gas

Office

(AEEG),

considering the rates applied for the enhanced

2.3

protection service. The estimated energy carriers
price development trends are those provided by
the

European

Commission

on

a

biannually

updated basis (PRIMES model), according to
Annex 2 of the Commission Delegated Regulation
No. 244/2012 (European Union, 2012a). These
trends have been extrapolated beyond 2030, which
is the last year taken into account in the available
projections.
Other input data and assumptions are detailed in
the report of the Italian Ministry of Economic
Development (2013) and in Corrado et al. (2013).

Description of the economic
scenarios

Cost calculations and projections with many
assumptions

and

uncertainties,

including

for

example energy price developments over time, are
generally accompanied by a sensitivity analysis to
evaluate

the

robustness

of

the

key

input

parameters. For the purpose of the cost-optimal
calculations,
(European

the
Union,

Regulation
2012a)

No.

requires

244/2012
that

the

sensitivity analysis should at least address the
discount rate and the energy price developments.

The energy performance is calculated according to

2.3.1

the Italian technical specification UNI/TS 11300

The discount rate means a definite value for

(Italian Organisation for Standardisation, 2010-

comparison of the value of money at different times

Discount rate scenario
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Table 3 – Optimal values of the energy efficiency measures for the analysed reference buildings

Optimal EEO
EEM
Wall insulation (on external surface)
or Wall insulation (on cavity)

Uwl [W m-2 K-1]

Residential /
Milano

Residential /
Palermo

Office /
Milano

Office /
Palermo

-

-

-

-

0.34

0.48

0.20

0.44

Upper floor insulation

Ufl,up [W m K ]

0.40

0.50

0.27

0.38

Lower floor insulation

Ufl,lw [W m-2 K-1]

0.45

0.65

-

-

Windows

Uw [W m K ]

1.60

3.00

1.60

3.00

Solar shading devices

sh [-] / M or F *

0.4 / F

0.2 / F

0.4/F

0.2 / F

Heat generator for space heating

H,gn [-] or COP [-]

-

-

-

-

+ Heat generator for domestic hot water W,gn [-]

-

-

-

-

+ Chiller

EER [-]

-

-

-

-

or Combined heat generator for space
heating and domestic hot water

H,W,gn [-]

-

-

0.93

0.93

EER [-]

-

-

3.50

3.50

or Combined generator for heating,
cooling and domestic hot water

COP [-]

4.20

4.20

-

-

EER [-]

3.10

3.10

-

-

Thermal solar system

Acoll [m ]

14

14

2

2

Photovoltaic system

WPV [kWp]

2

2

5

5

Ventilation heat recovery

NO or YES (ru [-]) NO

NO

YES (0.6)

YES (0.6)

Efficiency of the heat control system

rg [-]

0.995

0.995

0.97

0.97

Lighting power density(**)

Wlgt [W m-2]

N/A

N/A

4.60

4.60

FO [-]

N/A

N/A

0.8

0.8

FC (FD) [-]

N/A

N/A

0.9

0.9

-2

-2

-1

( )

+ Chiller

2

Lighting control system parameters(**)
(*)

-1

M = mobile louvres; F = fixed louvres.

(**) Not

applicable (N/A) for the residential buildings.

expressed in real terms, hence excluding inflation.

value at the starting point. The discount factor is

The global cost is directly linked to the duration of

derived from the discount rate r and is calculated

the calculation period t, as shown in Eq. (1). The

as:

calculation of the global cost Cg(t) referred to the



 1 
R disc ( i )  

 1 r 
 100 

starting year t0 may be performed by a component
or

system

approach,

considering

the

initial

investment CI, and, for every component or system

i

(2)

j, the annual costs Ca and the discount factor Rdisc(i)
for every year i (referred to the starting year), and

where, i is the number of years from the starting

the final value ValF.

period.
According to the Guidelines accompanying the

Cg (t )  CI 

 t

 Ca ,i  j   Rdisc i   ValF ,t  j  (1)
 i1



j

Regulation (European Union, 2012b), a higher
discount rate – typically higher than 4% excluding
inflation – would reflect a purely commercial,
short-term

approach

to

the

valuation

of

The discount factor Rdisc(i), for every year i, is a

investments. A lower rate – typically ranging from

multiplicative number used to convert a cash flow

2% to 4% excluding inflation – would more closely

occurring at a given point in time to its equivalent

reflect the benefits that energy efficiency invest
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ments bring to building occupants over the entire
investment’s lifetime.
The first economic scenario on the reference
buildings consists in the variation of the discount

Table 5 – Identification of price development scenarios of
electricity (E) and/or natural gas (NG)

Scenario

E

NG

E and
NG

I

III

V

II

IV

VI

rate, from 4% of the base scenario to 5%.
50% lower annual estimated

2.3.2

Energy price development scenario

increment of price

The information provided in Annex 2 of the
Regulation (European Union, 2012a) is taken from
energy trend scenarios developed with the PRIMES

50% higher annual estimated
increment of price

model, i.e. a modelling system that simulates a

Starting from the base scenario for each reference

market equilibrium solution for energy supply and

building, the second economic analysis consists in

demand in the EU27 and its Member States.

applying the scenarios listed in Table 5 to the

The baseline price assumptions for the EU27 are

energy trend of the Annex 2 of the Regulation.

the result of world energy modelling (using the

For each of the scenarios listed in Table 5, a

PROMETHEUS stochastic world energy model)

discount rate of 4% is applied. The energy price

that derives price trajectories for oil, gas and coal

trends of the base scenario are shown in Fig. 1.

under

a

conventional

wisdom

view

of

the

development of the world energy system.
The latest update (2009) implies a 2.8% annual
increase in gas prices, a 2.8% annual increase in oil
prices and a 2% annual increase in coal prices. As
regards electricity, estimated long-term after-tax
electricity price developments in €/MWh are
shown in Table 4.
Table 4 – Estimated long-term after-tax electricity price
developments (€/MWh; source: European Commission)
Fig. 1 – Base scenario energy price trends

Sector

2000 2005 2010 2015 2020 2025 2030

Residential 127

133

144

164

180

191

192

123

124

124

139

152

159

159

Services

3. Result analysis and discussion
The results of the economic scenarios on the

According to the Guidelines (European Union,
2012b), the trends of the energy prices may be
extrapolated beyond 2030 until more long-term
projections become available. In order to consider
the whole estimated economic lifetime of the
residential buildings and of the offices, the
extrapolation is done up to 2050 (considering 2013
as the starting year).

reference buildings are shown in Figs. 2-3 for
residential buildings and offices respectively,
where “DR” stands for the variation of the
discount rate, the roman numerals correspond to
the cases in Table 5 and the lines represent the base
scenario Cost Optimality trend for the two climatic
zones considered. The results show the robustness
of the residential buildings optimal EEM package,
as the energy performance approximately keeps
the value of 36.6 kWh m -2 in Palermo and of 61.0
kWh m-2 in Milano when different economic
scenarios are applied. Concerning the economic
aspects, as an effect of the financial calculation
principle, the amount of global costs is lower when
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a higher discount rate is applied, but the deviation

Figs. 4-5 show the optimal global costs for the

from the base scenario is only of 25 € m

in

different economic scenarios mentioned above, for

Palermo and of 31 € m-2 in Milano. By applying the

residential and office respectively, where “MI”

different energy costs scenarios in Table 5 the

stands for Milano and “PA” for Palermo. The

global cost deviation in respect with the base

energy costs are subdivided in investment, energy

scenario is not significant.

and operating & maintenance. With regard to the

Concerning the offices in Palermo, the energy

residential buildings, the investment costs are

performance still approximately remains at the

generally twice the amount of the energy costs and

base scenario same value of 65.3 kWh m -2 when

of the operating & maintenance costs; as the energy

different economic scenarios are applied; the only

efficiency measures and levels do not change with

relevant difference is shown for Milano, where the

the different economic scenarios, the investment

highest deviation between the DR and the base

costs

scenario is of 5.0 kWh m-2, as the increasing

maintenance costs only change when the discount

discount rate involves a reduction of the EEMs

rate varies. In addition, the energy costs vary with

optimal performance levels of the roof thermal

the energy scenarios, but the highest deviation is

insulation and of the photovoltaic system peak

lower than 25 € m-2 in Milano and 15 € m-2 in

power installed. Other changes in the optimal level

Palermo.

of the energy efficiency measures are shown for the

Concerning the offices, the energy costs are

offices in Milano, as follow: when the electricity

comparable with respect to the investment costs: in

cost increase is lower (scenario I) the optimal

terms of energy costs the highest deviation

solution consists of the installation of a lower

corresponds to 50 € m-2 either for Milano (between

surface of PV panels; when the natural gas cost

III and VI scenarios) and Palermo (between DR and

increase is lower (scenarios III and V) the optimal

II scenarios), while deviations in investment costs

solution consists of lower roof thermal insulation

never exceed the 15 € m -2.

-2

remain

fixed,

while

the

operating

as well as of PV system performance levels.
Conversely, in Palermo when the natural gas cost
increase is higher (scenarios IV and VI), the roof
thermal insulation optimal level is higher.

Fig. 4 – Residential Cost Optimal actualized costs for different
economic scenarios
Fig. 2 – Residential Cost Optimal values for different economic
scenarios

Fig. 3 – Office Cost Optimal values for different economic
scenarios
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Fig. 5 – Office Cost Optimal actualized costs for different
economic scenarios

&

Energy cost and discount rate influence on the optimal packages of energy efficiency measures

4. Conclusion

6. Nomenclature

In the present article different economic scenarios

Symbols

have been investigated in order to determine the
influence of the discount rate and of the energy
price trend on the cost optimal packages of EEMs
and on the corresponding levels of building EP.
For some reference buildings different in use and
location, it has been verified that the optimal level
of energy efficiency usually corresponds to a set of
design

parameters

consistent

with

the

requirements fixed by the current legislation
(Italian Government, 2005), which mainly concern
the

insulation-value

of

the

vertical

building

enclosures.
Through the application of a sensitivity analysis in
the cost optimisation procedure, the robustness of
the optimal solutions of EEMs packages has been
demonstrated, as both the discount rate and the
energy price development variations have a weak
influence on the cost optimal level of building
energy performance and on the choice of the
optimal

energy

efficiency

measures

(EEMs)

package. This result is especially true in the case of
residential

buildings,

as

the

weight

of

the

investment costs is twice the amount of the energy
costs and of the operating & maintenance costs.
A future analysis will consist in conducting
additional sensitivity analyses for other cost
drivers as identified in the calculation, for instance
the

initial

investment

cost

of

the

building

components. In this regard, a range of variation
should be defined for each investment cost and the
costs differentiated by climatic zone.
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A
C
COP
EEM
EEO
EER
EP
F, R
r
U
V
Val
W

area (m2)




efficiency (-)

cost (€)
coefficient of performance (-)
energy efficiency measure
energy efficiency option
energy efficiency ratio (-)
energy performance (kWh m-2)
factor (-)
rate (-)
thermal transmittance (Wm -2K-1)
volume (m3)
value (€)
power (W)
transmission coefficient (-)

Subscripts/Superscripts
a
C
coll
D
disc
env
F
f
fl,lw
fl,up
g
gn
H
I
lgt
n
O
PV
rg
ru
sh
W
w
wl

annual
constant (illuminance)
solar collectors
daylight
discount
envelope
final
floor
lower floor
upper floor
global, gross
generation (system)
heating
investment
lighting
net
occupancy
photovoltaic (system)
control (system)
heat recovery unit
shading
domestic hot water
window
wall (opaque)
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