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The ENTRANZE project

The objective of the ENTRANZE project is to actively support policy making by provid-
ing the required data, analysis and guidelines to achieve a fast and strong penetration
of nZEB and RES-H/C within the existing national building stocks. The project intends
to connect building experts from European research and academia to national decision
makers and key stakeholders with a view to build ambitious, but reality proof, policies
and roadmaps.

The core part of the project is the dialogue with policy makers and experts and will fo-
Cus on nine countries, covering >60% of the EU-27 building stock. Data, scenarios and
recommendations will also be provided for EU-27 (+ Croatia and Serbia).

This report presents the Cost/Energy curves calculation for renovated buildings in resi-
dential and tertiary sectors, for considered EU countries. An overview of the calculation
methodology is given. Cost/Energy curves are presented and assessed in several
analysis, with indications for the selection of cost-optimal and nearly zero energy EE
and RES technologies/strategies for different building. The report presents also an as-
sessment of curve sensitivity with respect to the economic input data.
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Executive Summary
1.1 Introduction

This report presents the Cost/Energy curves calculation and analysis focusing on reno-
vated buildings in residential and tertiary sector.

Existing buildings refurbishments play a crucial role to reach energetic and environ-
mental targets for Europe. For this, nearly zero energy strategies, cost optimal inter-
ventions, and their relations have to be explored also for renovation buildings, both in
residential and in tertiary sectors.

The comparative methodology in accordance with Article 5 and Annex Il of Directive
2010/31/EU [European Parliament And Council 2010], EU Guidelines [European
Commi ssion 2012a] and Regulation (EU) NA
represent a useful example for Member States while drafting their national plans for
increasing the penetration of nearly zero-energy buildings. In ENTRANZE project we
focus the attention on the renovation of
objective is to support Member States in transparently expressing the meaning and
ambition level of requirements for nearly zero-energy buildings for different climates
and building types. It also may be used by the European Commission as a guiding tool

for analysing those plans and requirements.

In the presented cost/energy curve calculation, we adopted a methodology for analys-
ing and presenting data about performance of nearly zero energy buildings, which of-
fers utmost transparency. It can serve as an example for ways to analyse and display

2441 2

e X i

the technol ogical and econoeemiecr gfye aatrueraeds, otfh et hfiec
optimal aread and trends resulting from change:

mary energy factors and progress in the efficiency of components (not considered
here) between 2011 and 2020.

Cost/Energy curves are presented and assessed in several analysis, with indications
for the selection of cost-optimal and nearly zero energy EE and RES technolo-
gies/strategies for different building typologies. The report presents also an assess-
ment of curve sensitivity with respect to the main economic input data.

1.2 Calculation methodology of Cost/Energy Performance

In order to be consistent with the EU process of implementation of EPBD and allow a
discussion on the relationship between nearly zero-energy and cost-optimal, our meth-
odology is coherent with the cost-optimal methodology framework.

In accordance with Article 5 and Annex Il of Directive 2010/31/EU [European Parlia-
ment And Council 2010], EU Guidelines [European Commission 2012a] and Regulation
( EU) NA 2E4répesh Cdninission 2012b], the Commission established a com-
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parative methodology framework to be used by Member States for calculating cost op-
timal levels of minimum energy performance requirements for new and existing build-
ings and building elements. The methodology specifies how to compare energy effi-
ciency measures, measures incorporating renewable energy sources and packages of
such measures in relation to their energy performance and the cost attributed to their
implementation and how to apply these to selected reference buildings with the aim of
identifying cost-optimal levels. The complete process to assess and report on cost op-
timal levels for energy performance requirements of buildings is described in Figure 20.

Definition of reference buildings
(new buildings and existing stock)

Definition of packages of energy performance measures
(current requirements and beyond)

Framework conditions: Framework conditions:
dimate, geometries, system performance etc. investment costs, interest rates, energy price etc.
Calculation of energy performance for set of packages delivered Calculation of financial performance for
(current requirements and beyond) - energy set of packages
c=c+3 [Ee. ther-v,. 1]
(31 CEN standards for EPBD) (Net Present Value)

seen

Ecomomic *

Overview energy performance Optimum
of packages of measures

Overview financial performance
of packages of measures

Pean aw mmnsai

Comparison

Improvement of framework
Comparison Environmental Targets New Target conditions (e.g. soft loans)
(e.g. for 2020 of NZEB)

Update

Current minimum requirements New minimum requirements

Update/
reporting cycle

Figure 1. Flowchart comparative methodology. Reproduced from [BPIE 2010]

The detailed calculation methodology for energy performance and global cost proposed
bythe EU Regul at i oHuropdah C@mnisgiod Q012b] ahd the Commis-
si on6s Gllurapeah Commissiorf 2012a], can be summarized via the following
Figure 2 and Figure 22. Note that the time interval on which the balance is calculated
(e.g. a day, a month, a year) should always be explicitly stated. In our case we perform

a yearly energy balance.
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energy need

energy use

delivered energy

primary energy

L L ] L} L]
thermal energy
I from RES used I I I
] on-site L] [ L]
I I I trans-
formation
- system - losses
losses
(net) primary
energy needs for: fuel energy uses for: fuel delivered energy
space heating, space heating, energy
space cooling, hot water
hot water
electric energy uses
for: electric delivered "
I space cooling, energy
lighting, ventilation,
L
auxiliary systems
I i |
L ] L ] L ]
I system losses ! I
. . . prllma ry gnergy .
_ . _ associated with energy  _

electric energy
from RES used
on-site

exported to the market

Figure 2. Scheme of calculation of the (net) primary energy demand resulting from the
application of measures and packages of measures to a reference building.
In particular, about the energy performance calculation, we are performing the following

steps:

1. Selection of efficiency technical solutions and their grouping into typical pack-
ages (since very often these technical solutions are not used as stand-alone
measures but in combination with other measures), based on the definition of
the reference base case.

2. Calculation of energy needs for heating and cooling and energy use for lighting
for main models of buildings (building variants) for which simulations are per-
formed where the selected energy efficiency envelope technologies and combi-
nations thereof are implemented; we carried out this quantitative assessment by
dynamic simulations (by using the EnergyPlus software).

3. Generation of all building models,
familiesoby variation of energy efficiency measures for envelope and system

technol ogi es

for

each

whi ch

bui l

can

di ng

b e Huildiago

envelope packages (building variants) related to opaque envelop - indicated
with (e) in the Deliverable, glazing and air tightness (w), passive cooling tech-
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nigues (c) and efficient lighting strategies (L), plus plant variants verifying
whose system architecture is coherent.

4. Calculation of delivered energy values for each building model; the energy
saving assessment are performed by associating appropriate performance co-
efficients to each plant type, in accordance with EN standards and other biblio-
graphic references.

5. Calculation of energy uses for auxiliary systems are calculated through a sim-
plified dimensioning.

6. Inthe models where is implemented a mechanical ventilation system (with or
without heat recovery) energy uses for fans are calculated.

7. Inclusion of energy generation from RES systems (such as solar thermal pan-
els, photovoltaic (PV) panels, heat pumps' and biomass boilers) by simple es-
timation methods and calculation of net (over a time laps of one year) primary
energy consumption for the entire building; the delivered-to-primary conversion
factors of the different countries/regions are taken into account.

1. Generation on
buildings footprint

11l On-site generation from off-site renewables
(Transportation of ded - biomass..)

IV. Off-site generation
in oft-site technologies - windmill...)

V. Off-site supply
(purchase of _green” energy - _green power”...)

Figure 3. Overview of possible renewable supply options in nearly zero energy buildings,
reproduced from [Marszal.2011].

! About renewable contributions from heat pumps:theat pump systems wegtegeeonsi dered
erationfromon-si t e renewabl eso with | imits and method according
2013//114/UE (1/3/2013).
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The term (net) primary energy means i as recommended in 2012/C 115/01, page 10
[EU 2012] 7 the result of the following steps:

8. Calculation of the primary energy associated with the delivered energy, using
national conversion factors;

9. Calculation of primary energy associated with energy exported to the market
(e.g. generated by RES or co-generators on-site);

10. Calculation of (net) primary energy as the difference between the two previous
calculated amounts: (8) - (9).

For the selected climate conditions and building prototypes, the energy needs for heat-
ing and cooling, the delivered energy for heating, cooling, hot water and lighting, and
finally the net primary energy are calculated for eachvariantand fbui | di ng family

We consider the MANet ZEB | imitedo defn-i niti on, t
ergy (over a yearly balance, and using symmetric weighting for exported energy from

building systems to grid) associated to heating, cooling, domestic hot water, ventilation,

auxiliaries, lighting, but we exclude the electric consumption of appliances and other

plug loads (although we consider their effects on thermal energy needs). For the sake

of comparison, we consider lighting both in non-residential and residential buildings.

The overall methodology includes the following main steps:

1 For the main models of buildings (head-models) where the selected Energy Ef-
ficiency envelope technologies and combinations thereof are implemented,
calculation of the energy needs for heating and cooling are executed by using
the dynamic simulation software EnergyPlus (in order to correctly take into ac-
count dynamic phenomena connected to energy storage and release connected
to thermal mass, as required by EPBD and as physically relevant due to vari-
able weather conditions and internal loads).

1 Generation of fbuilding familiesoby variation of Energy Efficient system/plant
technologies for each head-model and calculation of delivered energy values
for each fbuilding familyg the assessment has been performed by associating
appropriate performance coefficients to each plant type (including generation,
distribution and emission efficiency values).

9 For the buildings that include RES plants, calculation of the amount of renew-
able energy generated and calculation of net (over a time lapse of one year)
primary energy consumption for all fbuilding familiesg the conversion factors of
delivered energy to primary energy in the different countries/regions has been
taken into account.
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1 Association of installation costs to each technology, including material and la-
bour costs, remove and disposal of existing technologies, business profit and
general expenditure.

9 Calculation of global costs, including capital costs, substitution costs, annual
maintenance costs, operating energy costs, over a period of 30 years (subtract-
ing final value), all discounted to year zero (where year zero is either 2011 or
2020). For the sake of comparison, we consider a period of 30 years both in
non-residential and residential buildings.

1 Note that embedded energy (also called grey energy) is not included in the cal-
culation, which does not exclude the possibility that a MS might decide to in-
clude it in the definition and calculation.

g|0ba| cost professiorlal fees (e.g. projectdesign)
construction of assets - -
X i result of
taxes (if applicable) ~-+ energy performance }
others (e.g. project *~.. Caleulation .-
contingencies)

initial investment cost

--- -'\' energy tariffs ‘;

Fmmmmm—————

— energycost [

disposal cost

cyclical regulatory cost
—{ operational cost utilities

annual cost u (except energy cost)
I running cost |

taxes (if applicable)
others

— maintenance cost ’ ’
inspections

adjustments
cleaning
repair
consumable

o . ) items
periodic substitute investment

of a building element

— replacement cost

Figure 4. All costs considered in the performed global cost calculations.

Costs of construction not directly related to energy (structure, finishing materials, etc.)
are not considering in this analysis We have assumed no subsidies hence PV energy is
supposed to be sold to the grid at a price comparable to that of conventional generation
sources on the wholesale market. Costs of land, property taxes etc. are not included.
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1.3 Reference Buildings

The comparative methodology it has been applied at four category of buildings. The
reference building selected are different for use, geometry, envelope and plant system
characteristics. For the purpose of the ENTRANZE project we select this four building
typologies:

1 Single House: composed by an under ground level and two floors over ground
level) has a conditioned surface of about 140 m? and a S/V ratio of 0,7.

1 Apartment Block: composed by four floors and an under ground level. The ref-
erence number of apartments is 12 and its conditioned area is around 1000 m?
and a S/V of 0,33.

1 Office: a medium-size and highly-glazed office building, with 5 floors (of 3 m
height each) an S/V ratio of 0,33 and a net heated area of 2400 m?.

1 School: a medium-size and highly-glazed school building, with 2 floors (of 3 m
height each) an S/V ratio of 0,46 and a net heated area of 3500 m?

All the considered reference buildings have an ground floor toward an unconditioned
basement and the last slab toward an unconditioned space between the last slab and
the "slope roof". The office building is an exception, its last slab it is also the roof (plane
roof).

Below some indicative pictures of geometrical models.

ot . pooolfloooo
pooo|®|oooao
pooo|-|oooo
pnooo|-|oo ok

Single House Apartment Block
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The physical property of envelope components (wall, roof/last slab, basement, win-
dows) and plant system configurations (for heating and cooling) of the building before
the renovation works are different for each target country. Each partner had to charac-
terize every type of building in term U-value of opaque and transparent envelope (indi-
cating the layers of wall, roof and basement and the characteristic of window systems)
and to indicate the more probable configuration of heating and cooling systems (gen-
erator, emission system, regulation, RES technologies etc.).

1.4 Target Countries and climatic contexts

We focused our calculations and analysis on 10 key climatic conditions within the
European area of all Entranze project target countries. As reference indicators for cli-
mate contexts have been used the Winter Severity Index and the Summer Severity
Index proposed by F. Sanchez de la Florthe (2005), as well the Climatic Cooling Poten-
tial by Artmann (2007). We calculated this indexes for 25 cities, within the Entranze
Target Countries, selected in function of the nominal climatic characteristics, the avail-
ability of homogeneous climatic data (IWEC?) and their relevance (in terms of urban
population).

% The International Weather for Energy Calculations (IWEC) are the result of ASHRAE Research Project
1015 by Numerical Logics and Bodycote Materials Testing Canada for ASHRAE Technical Committee
4.2 Weather Information. The IWEC data files are 'typical' weather files suitable for use with building
energy simulation programs, derived from up to 18 years of DATSAV3 hourly weather data.
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Summer Severity Index versus Winter Severity Index for 25 European
cities (within the Entranze Target Countries)
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Summer Severity Index versus Climatic Cooling Potential (in July) for 25
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Analysing the obtained data we selected the following locations as key climate condi-
tions:

Context | Climatic characterisation
: Mediterranean climate (hot summer subtype) with very low climatic
Seville (ES) ; . Y
cooling potential (extreme summer conditions)
Madrid (ES) Semi-arid climate with low climatic cooling potential
Rome (IT) Mediterranean climate (warm summer subtype) with medium climatic

cooling potential

Milan (IT) Humid subtropical climate with medium climatic cooling potential

Humid continental (hot summer subtype) / Subarctic climate with

EUeErEst (Ne) medium climatic cooling potential

Humid continental climate (warm summer subtype) with high climatic

Vienna (AT) cooling potential

Paris (FR) Oceanic climate with very high climatic cooling potential

Humid continental climate (warm summer subtype) with high climatic

Prague (C2) cooling potential

Humid continental climate (warm summer subtype) with high climatic

Berlin (DE) cooling potential

Helsinki (FI) Humid continental / Subarctic climate (extreme winter conditions)

- Target countries

Focus countries

Remaining EU-27 countries

Other countries

® Key climatic conditions
Secondary climatic
conditions
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1.5 Input for Cost/Energy calculation

A major effort was done in order to collect, for every target country, the initial data nec-
essary to generate the cost/energy clouds and its correlated studies. This phase in-
volved an important number of the expert in every target country for the definition of
characteristics of base case buildings. Specifically, all the partner, had to define the
technology of envelope elements (layers ad physique properties of walls, roofs, slabs in
contact with unconditioned spaces, windows) of existing buildings for every type of
building simulated (single house, apartment block, office and school) and the more
common and probable strategies and technique of renovation. The same work was
conducted for system plants.

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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Table 1. Example of considered envelope measures families for Single House.
SINGLE HOUSE

PACKAGES

OPAQUE ENVELOPE

WINDOWS

VIENNA PARIS PRAGUE BERLIN HELSINKY
= = = = =
w w w w w
R EDING PARAMETERS UNIT < 3 < = < = E = < 2
TECNOLOGY 35( <>( SE <>E 5(5 <>( E <>E SE <>(
> > > > >
External Wall u W/m2K 1,25 1,54 1,34 0,93 0,48
U W/m2K e:- 1,38 e:- 1,21 e:- 1,33 e:- 1,11 e:- 0,30
Basement U W/m?K 1,80 1,98 1,24 1,02 0,48
External Wall U W/m?K 0,30 0,32 0,31 0,28 0,22
u W/m?K e 0,22 e 0,22 e 0,22 e 0,22 e 0,14
Basement u W/m?K 0,55 0,57 0,49 0,45 0,48
External Wall U W/m?K 0,22 0,23 0,22 0,21 0,17
u W/m2K e:o+ 0,17 | eio+ 0,17 | ewo+ 0,17 | eo+ 0,17 | eio+ 0,12
Basement U W/m2K 0,33 0,33 0,30 0,29 0,48
External Wall u W/m?K 0,17 0,18 0,17 0,16 0,17
u W/m?K e+ 0,12 ES 0,12 ESE 0,12 ES 0,12 eSS 0,09
Basement U W/m?K 0,23 0,24 0,22 0,21 0,48
u* W/m?K 2,62 3,47 2,66 2,67 2,50
Solar Trasm. - 0,62 0,62 0,62 0,62 0,61
X " w:o wi- w:0 w:o w:o
Air permeability -
Visible Trasm - 0,65 0,65 0,65 0,65 0,65
air infiltration 1/h 0,77 0,77 0,77 0,77 0,77
(VA W/m?K 1,71 2,60 1,71 1,03 1,03
. Solar Trasm. - 0,64 0,62 0,64 0,55 0,55
Window
. - W:o+ w:0 w:o+ wi+ Wi+
Air permeability w
Visible Trasm - 0,65 0,65 0,65 0,59 0,59
air infiltration 1/h 0,58 0,61 0,58 0,58 0,58
u* W/m?K 1,03 1,71 1,03 0,70 0,70
’ Solar Trasm. - 0,55 0,64 0,55 0,50 0,50
Window
. " wi+ w0+ wi+ wi+ Wi+
Air permeability -
Visible Trasm = 0,59 0,65 0,59 0,59 0,59
air infiltration 1/h 0,58 0,58 0,58 0,58 0,58
Solar shading - - - - - - -
Night-Cooling nt 1/h 0 0 0 0 0
c:o c:o c:o c:o co
L L:o L:o L:o L:o L:o
Lighting Load power ** Wim? 3,50 3,50 3,50 3,50 3,50
Lighting Control - -
Solar shading - - - - - - -
Night-Cooling nt 1/h 4,0 4,0 4,0 4,0 4.0
G CH ci+ G2 c:
L L: L: L:o L:o L:
Lighting Load power ** W/m? 3,50 3,50 3,50 3,50 3,50

COOLING STRATEGIES

Lighting Control
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In addition has been requested at all partner to indicate the typology of thermal bridges
to consider in the construction of building energy models.

For every considered technology, the partners,
database needed for global cost calculation. The costs was expressed as material

costs, labour costs, general expenditure, business profit, professional fees, additional

cost for removal and disposal (when request). In this studies we consider the cost

linked at work that can have effects on buildings energy demand after renovation.

Every cost include all the works necessary to complete the energy efficiency measure

as from Aart rul eo.

About primary energy calculation it defined for every target country and energy carrier
the respective primary energy factor. The POLES [Enerdata.2007] simulation provide
the trend of primary energy factor for electricity till 2030.

In parallel at the simulation task of the energy needs and use by software or simplified
methods, all the economical data was collected or modelled:

- Energy prices scenarios for gas, electricity, district heating and biomass. The Poles
scenarios provided energy prices trends till 2050 in a reference scenarios and in
an ambitious scenarios.

- The price of electric energy produced by a photovoltaic system and exported in the

grid.
- The cost of ext er nanetessanets sinuilatea neasreecoaomic U/ CO
perspective.

- The value of VAT taxes for every target country.
- The taxes applied at energy prices.
- The nominal interest rate and the inflation rate.

Co-funded by the Intelligent Energy Europe
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Seville - Madrid (ES) Rome - Milan (IT)
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e € [kWh Electric energy (delivered) = = = €/kWh Electric energy (exported) == £/kWh Gasenergy (delivered)
— £/kWh Biomass energy (delivered) £€/kWh District Heating (delivered)

Figure 5. Example of reference energy prices scenarios (Spain, Italy, Romania
and Austria).
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Figure 6. Example of ambitious energy prices scenarios (Spain, Italy, Romania
and Austria).

Considering values ranges of this data, we performed a sensitivity analysis respect to

the calculation starting year (2011 or 2020), the energy prices scenarios (reference or

ambitious scenario), economical perspective in the interested zone (the zone between

the right extreme of cost optimal zone and the nZEB zone). All sensitivity analysis were

presented in the Annex of this deliverable.
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