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* The European Union has set energy efficiency targets for buildings,
namely in its Directive 2010/31/EU (Energy Performance Buildings
Directive - EPBD) which was updated through the amendment
published in directive 844/2018.

* According to article 3, Member States (MS) shall apply a
methodology for calculating the energy performance of buildings in
accordance with the common general framework expressed in the
Annex 1.
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* The energy performance of a building shall be determined on the basis of the calculated or actual
annual energy that is consumed in order to meet the different needs associated with its typical
use and shall reflect the heating energy needs and cooling energy needs (energy needed to
avoid overheating) to maintain the envisaged temperature conditions of the building, and
domestic hot water needs.

 The energy performance of a building shall be expressed in a transparent manner and shall
include an energy performance indicator and a numeric indicator of primary energy use, based
on primary energy factors per energy carrier, which may be based on national or regional annual
weighted averages or a specific value for on- site production.

 The methodology for calculating the energy performance of buildings should take into account
European standards and shall be consistent with relevant Union legislation, including Directive
2009/28/EC.

* The methodology shall be laid down taking into consideration at least the aspects enumerated in
Annex |, point 3 of directive 2010/31/EU.
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In Portugal the methodology for evaluation uses a twin building feature, which consists of defining a
building whose shape and dimensions are equal to the real building under evaluation, with reference
solutions like for instance the following building elements and systems:

* Envelop:
* Maximum “U values” for walls, roofs and floors, and windows;
* Maximum values for “Solar Heat Gain Coefficient” (SHGC), for both window and blinds;
* Ventilation:
* Minimum ventilation rates of spaces to ensure air quality;
* Artificial light (only for non-residential):
* Maximum power densities for Artificial Light;
* Energy Systems:
* Values for COP and EER of the energy systems for the twin building (Reference Building);
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« According to article 4 MS shall take the necessary measures to ensure that minimum
energy performance requirements for buildings or building units are set with a view to
achieving cost-optimal levels. The energy performance shall be calculated in
accordance with the methodology referred to in Article 3. Cost-optimal levels shall be

calculated in accordance with the comparative methodology framework referred to in
Article 5 once the framework is in place.

* According to article 5 MS shall calculate cost-optimal levels of minimum energy
performance requirements using a comparative methodology framework and relevant
parameters, such as climatic conditions and the practical accessibility of energy
infrastructure, and compare the results of this calculation with the minimum energy
performance requirements in force.
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* COMMISSION DELEGATED REGULATION (EU) No 244/2012 of 16
January 2012

* supplementing Directive 2010/31/EU of the European Parliament and
of the Council on the energy performance of buildings by establishing a
comparative methodology framework for calculating cost-optimal levels

of minimum energy performance requirements for buildings and building
elements.
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Where:
Financial calculation * 7, means the calculation period;

* Cq,, means global cost (referred to starting year 1,) over the calculation period

G, —L;—|—Z Z Coilj) x Ra(i)) = Vir(j)

J, means adopted measure;
i=l1

C, means initial investment costs for measure or set of measures j ;

C ,,:()), means annual costs for measure or set of measures j during year i ;
C .;()), means annual carbon costs for measure or set of measures j during year i

Macro-Economic calculation ’
* V. (j), means residual value of measure or set of measures j at the end of the

Co(t) =G+ Z Z{ Cailj)Rali) + Ceilj)) = Virlj) calculation period (discounted to the starting year 7,);
i=1
* R,(i), means discount factor for vear i based on discount rate r to be calculated

. 1 g
as: Ralp) = (1-1—:’-”]00)
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* Additionally, the amendment published in directive 844/2018
establishes in Article 2a) that:

« Each Member State (MS) must establish a long-term renovation
strategy to support the renovation of the national park of
residential and non-residential buildings, public and private, in a
highly energy-efficient and decarbonised building stock by 2050,
facilitating the cost-effective transformation of existing buildings
into near Zero Energy Buildings (nZEB).
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* The Long-Term Strategy for the Renovation of Buildings (LTSR) has been already
published for public consultation, pending the publication of the final version. It
evaluates the energy performance of the Building Stock and identifies measures - to
increase energy and financial efficiency - necessary to achieve the goal of a nearly zero
energy building stock.

* This is a very challenging and ambitious objective given that currently 2/3 of the park
(which is equivalent to 3.8 million buildings) is not yet covered by any intervention. That
occurs because that percentage of the building stock corresponds to buildings
constructed before 1990, the year of the first Regulation of energy performance of
buildings.

https://participa.pt/pt/consulta/elpre-estrategia-de-longo-prazo-para-a-renovacao-dos-edificios
(acedido em 13-09-2020) 9
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* (2.) Member States shall furthermore, following the leading example of the
public sector, develop policies and take measures such as the setting of
targets in order to stimulate the transformation of buildings that are
refurbished into nearly zero-energy buildings,

* (3.) The national plans shall include, inter alia, the following elements:

* (a) the Member State’s detailed application in practice of the definition of nearly zero-
energy buildings, reflecting their national, regional or local conditions, and including a
numerical indicator of primary energy use expressed in kWh/m? per year;
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* Ordinance 98/2019, April 2" was published in order to set nZEB
national definition for residential buildings:

e Buildings shall have energy class “A” or higher and 50% of the energy consumed
for air conditioning or domestic hot water shall be produced by renewable
sources;

* Ordinance 42/2019, January 30t was published in order to set nZEB
national definition for non-residential buildings:

Where:

Near Zero Energy Building IEEg < 75% |EEg gt Rige £0.50
New buildings (not included in nZEB IEEg < 100% IEEgrs  Rige <1.00 IEE. — IEE
definition) Rigp = > REN

IEE
Major renovations . Riee < 1.50 ref.s

11
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* Methodology for building evaluation based in European and
International Standards;

* Requirements of building performance designed for each MS
according to the Cost-optimal methodology;

* nZEB definition - the goal to be achieved;

* Long-Term Strategy for Renovation (LTSR) - how to achieve that
goal:
* Understand current situation;
* Funding;

» Cost-Optimal studies and Results
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-E Financial gap 1 Financial gap
% nZEB — Cost Opt. levels Actual req. - nZEB
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Energy need and
Environmental gaps

n/EB
levels

>

Primary Energy [kWh/m?yr]

Image obtained from: Maria Ferrara, Valentina Monetti and Enrico Fabrizio,
“Cost-Optimal Analysis for Nearly Zero Energy Buildings Design and Optimization: A Critical Review”, 2018.
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Non-Residential

Climatic Zone

Residential

Climatic Zone

Portugal - Continent

Maximal U values (W/m2.K)

Portugal - Continent

Maximal U values (W/m?Z2.K)

Current Zone of the envelop 11 12 13 Current Zone of the envelop 11 12 13
Vertical opaque exterior and interior envelop 0.70 0.60 0.50 Vertical opaque exterior envelop 0.50 0.40 0.30
Horizontal opaque exterior and interior envelop | 0.50 0.45 0.40 Horizontal opaque exterior envelop 0.40 0.35 0.30
Exterior windows and blinds 4.30 3.30 3.30 Exterior windows and blinds 2.80 2.40 2.20
Autonomic regions [Islands of Azores and Madeira] Autonomous regions [Islands of Azores and Madeira]
Current Zone of the envelop 11 12 13 Current Zone of the envelop 11 12 13
Vertical opaque exterior and interior envelop 1.40 0.90 0.50 Vertical opaque exterior envelop 0,70 0,60 0,45
Horizontal opaque exterior and interior envelop | 0.80 0.60 0.40 Horizontal opaque exterior envelop 0,45 0,40 0,35
Exterior windows and blinds 4.30 3.30 3.30 Exterior windows and blinds 2.80 2.40 2.20

15
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* A typical building is defined - dimensions express mean values of
available examples of that type of building;

* Different types of measures, were combined holistically.

T oo LT
T |

Q1w

| Zona Quartos Norte | | Q1_N| | % Q1_E
@, [
N.
-— - Q1 _fsul
Zona Quartos Sul 1
g% -~

Zona Quartos Oeste

45,2

Zona Quartos Este

16
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Types of Walls Types of Roofs
Thickess of . Life Maintenanc Time gap Thick f Initial Ti
D reulEfe e R . Mainten, | 0'ocal Cost D infulZi;g U-Value gloz Life time Maintenance I\;Ir:iitgeanp Global Cost
(W/mK)  (&/m?) L Em) - .
(cm) (years) (€/m2) (years) (cm) (W/m2K) (€/m2) (years) (&/m2) (years) (€/m2)
REF 11 3.4 0.70 96,00 30 6.00 10 102.60 REF 11 5.7 050  60.00 30 16.00 10 77.70
REF 12 4.2 0.60 98,00 30 6.00 10 104.60 REF 12 6.5 0.45  62.50 30 16.00 10 80.70
REF I3 5.8 0.50 100,00 30 6.00 10 106.60 Sl 8.0 040 55100 20 o0 0 -
POO 0 130 90,00 30 6.00 10 96.60 06 6 067  62.00 30 16.00 10 79.70
PO4 4 0.58 98,00 30 6.00 10 104.60 10 10 041  68.00 30 16.00 10 85.70
P0G 6 045 102,00 30 6.00 10 108.60 c12 12 034  74.00 30 16.00 10 91.70
PO8 8 037 10600 30 6.00 10 112.60 c15 15 027  82.00 30 16.00 10 99.70
P10 10 031 110,00 30 6.00 10 116.60
P12 12 0.27 112,00 30 6.00 10 118.60 Typ es of windows
Artificial IIghtS Timegap  Global
Frame U value Initial Cost Life time Maintenance )
terial Glass W/maK (€/m2) (years) €/m2) Mainten. Costo
densn
Luminou m2  REFIL A4 Double 4.30 570 35 50 10 560
NG L fl P
Zone sflux  Power(w) umer Luminousfiux Power /10 transparent
e 0 (Iamen) (W) lux REFI2 Al Doubletransparent 3.30 575 35 50 10 564
5.6 1.7 REF 13 Al4 Double transparent  3.00 580 35 50 10 568
5390 4 6 20 100 168  .f88 Ref 3.8 VI PVC  Singlecolored  1.50 642 35 50 10 638
Clreulatl 1500 195 i o a o 1.6 1.60 V2 Al (sct) Double transparent 1.10 570 35 50 10 577
iredlations ' Ref: 3.01 Ref: 3.4 V3 PVC Single colored 2.20 662 35 50 10 656

V4 Al Double colored 3.40 590 35 50 10 594
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 Computer Simulations with “energy plus” program have been performed for every package of solutions
and for every climate under consideration;

* Interface Software written in PROLOG is used, automatically generates holistic files for simulation
combining the different packages and collect results as well.

" 273 2 s Wall Roof U-Value coP EER
Resultados L g ™ Configuration insulation | insulation | Windows
Custo Optimo 5 & ) HVAC | HVAC
...... D.G.E.G. 267 (cm) (cm) (W/m2K)
" Reference 5.8 8.0 3.0 3.00 2.90
. + 13 V1 (Guarda)
tu < 21 Cost-Optimal 6.0 12.0 1.1 4.15 3.74
o % Eoong Reference 4.2 6.5 3.3 300  2.90
I DY 12 V2 (Barcelos)
- Cost-optimal 4.0 6.0 1.1 4.15 3.74
£ 249
E I

Py ‘1"

AR AT 11V2 Reference 3.4 5.7 4.3 3.00 2.90
RN 244 .
(Lisboa) Cost-Optimal 6.0 6.0 3.4 415  3.74
238
432 441 450 459 46.8 478 487 496 505 514 623 : Reference 3.4 5.7 4.3 3.00 2.90
Energia Primaria [KWh/mZ2.y] 11 V3 (Evora)

Cost-Optimal 6.0 6.0 3.4 4.15 3.74

18
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m- Geometrical definitions for
130.0 m? a typical building or mean

Floor in contact with another apartment in lower floor (intermediate apartment) 130.0 m2

Roof in contact with another apartment in upper floor (intermediate apartment) 130.0 m2 Bu | |d | ng

Roof in contact with Exterior (last floor) 130.0 m?
South Wall 19.9m2
North Wall 22.9m?2
West Wall 4.7 m2 Interior Envelop
Plan Thermal Bridge South Structure 4.9 m? ~ o - S o o
. . . . 2 paces allarea O pace areas rea in contac
Vertical exterior opaque Envelop plan Thermal Bridge North ;:fud é:l:grgewce jg m2 without the apa;tment i.n contac.:t with other 2
Shading device - HVAC (m*<) with exterior | apartments (m?2)
Plan Thermal Bridge West Structure 1.4 m?2 P 16 05 NG 1G5
Shading device 0.3 m2 -
Connection between intermediate floors 52.0m = 26.7 0.6
Connection between window frames and facades 37.8m 20.0 134 04 0.0 134
. . Connection between window frames and shading m zone
linear Thermal Bridges . 4.4 Lifts
device boxes - 73.0 5.3 0.3 36.5 62.4
Connection between vertical walls 2.7m
Connection between facades and balconies 4.2m
Transparent exterior envelope NG 2
! South 8.4 m?2
(glazzings) 19

West 1.6 m2
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80 000 € : W&%x "X%X
&WM Residential apartments - New Buildings

60 000 € % ’ ’ mm‘

1 @& Insulation [ windows |
BN E Walls and Heatingand| o, Nic Class
so000€ | o nzEB Climate Region Window  Shading cooling [kWh/m?2 NZEB
1 | o thermal Roofs . system (]
] 1 % Outras configuracdes frames devices systems p.a.]
30000 € H 1 1 1 1 1 1 1 1 | bridges
A+  Yes

e 1 20 30 40 5060 70 80 %0 100 11V2 4-6¢cm 10 -12cm aluminium Bright colour HVAC Biomass 6 86%
Ny [kWh/m?] p.a. 11V3 4-6cm 10 -12cm aluminium Bright colour HVAC Biomass 8 83% A+  Yes

. 12V2 4-6cm 10 -12 cm aluminium Bright colour HVAC Biomass 8 82% A+ Yes
NeW apa rtments (Cllmate |2_V2) 12V3 4-6cm 10 -12cm aluminium Bright colour HVAC Biomass 12 80% A+ Yes

100000 € - 1I3V2 6-10cm 10 -12cm aluminium Bright colour HVAC Biomass 11 79% A+ yes
1 © Outras configuragdes o0
90000 € ? x AQS sem renovéveis S A
] X
80000€ + © NZEB OO&@O
70000€ | g Residential apartments - Existing Buildings
60 000 € ” %
s0000€ | g gy WIS @ |_____nsulation | windows | Heating
1 R % Climate Walls and : ; and
40000€ .9 e ) Window Shading ) DHW system Classe| NZEB
30000€ - | Region thermal Roofs , cooling
1 . frames devices .a.
20 000 € :uwHuuiuuiuu%uw{uu%wuiuuiuuiuuiuu1~~1~~1 brldges
0 10 20 30 40 50 60 70 80 90 100 110 120 130 11V2 4-6cm 10 -12cm  aluminium  Bright colour HVAC Biomass 6.2 86% A+ Yes
N, [kWh/m?] p.a. 11V3 4-6cm 10 -12cm aluminium  Bright colour HVAC Biomass 8.1 83% A+ Yes
12V2 4-6cm 10 -12cm aluminium  Bright colour HVAC Biomass 8.1 82% A+ Yes
12V3 4-6cm 10 -12cm aluminium  Bright colour HVAC Biomass 12.4 80% A+ Yes

EXiSting apartmentS (C“mate |2'V2) 6-10cm 10 -12cm aluminium  Bright colour HVAC Biomass 109 79% A+ yes
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Existing Detached houses

Insulation thickness
Climate Insulation thickness | Windows

for walls and thermal
Region for roofs (cm)

Heating System | Cooling System

e Detached Houses

Divisdo de Estudos Investiga¢dao e Renovaveis

bridges (cm)

W w ks wwo
[
o

New Detached houses

Insulation . Windows
. . Insulation
Climate thickness for . name
. thickness for
Region walls and
. roofs
thermal bridges
11V2 6cm 6cm
11V3 4 cm 6cm
12 V2 4 cm 10 cm 1b
13V1 10 cm 10 cm

13 V2 10 cm 10cm

Al
Al
Al
Al
Al
Al
Al

Biomass
Biomass
Heat Pump
Heat Pump
Heat Pump
Heat Pump
Heat Pump
Climate Heating System
Region
11V2 HVAC
11V3 HVAC
12 V2 Biomass (with/DHW)
13V1 Biomass (with/DHW)
13 V2 HVAC

e, Performance
Biomass requirements for
omes Residential Buildings have
comass shown that their values
siomase are close to those

imposed by regulations

Cooling System DHW
HVAC Solar thermal
HVAC Solar termal

Biomass (with/DHW)
Biomass (with/DWH)

HVAC Solar thermal
21
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Wall R .

— - Wall gaRoor Uvalue | oop | eeR
Configuration insulation insulation Windows HVAC HVAC
(cm) (cm) (W/m2K)

3.4 5.7 3.0 3.00 2.90

Reference

D <

e Cost - Optimal solutions for walls
have no insulation material;

* However, condensations can occur
and must be prevented - insulation

Cost-optimal 0.0 6.0 1.1 4.15 3.74

w Climatic
|S Region

Reference 3.4 5.7 4.3 3.00 2.90

ITv2 Costoptimal 00 oo TR IS needed because of this reason;
* Occupancy schedules have large
Reference 5.8 8.0 4.3 3.00 2.90 . .
Costoptimal 0.0 6.0 11 415 a4 influence - high number of people

inside the building which produces
gains and no night occupancy;

« Summer conditions have more
energy needs than winter.

22
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Isolamento
na U janelas CoP EER
cobertura | (W/m2K) | AVAC | AVAC

Isolamento
Configuracao |nas paredes
(cm)

©

(]
=
\©
E
©

Referéncia 5.8 8.0 3.0 3.0 2.9
13 V1 (Guarda)
Custo-6timo 4.0 6.0 1.1 4.0 3.2
Referéncia 4.2 6.5 3.3 3.0 2.9 £ E P
12 V2 (Barcelos) Custo'Qptimo ‘"“\-«H_q_i,_____‘ . 4>
Custo-6timo 4.0 6.0 3.4 4.0 3.2 D.G.E.Gi o i 759
o vidro V3 o ’_*J
S R L
11 V2 Referéncia 3.4 5.7 4.3 3.0 2.9 750
(Lisboa) Custo-6timo 4.0 6.0 3.4 40 32
I e A— S SRR WU FUUON S 741 Custo Global
’ Vidro V4 g [Furo/m2]
. Referéncia 34 5.7 4.3 3.0 2.9 e, . $
11 V3 (Evora) 2 B ., ﬁ
Custo-Gtimo 4.0 10.0 3.4 4.0 3.2 R e e 732
e ——
+ Vidro V2 . Y
. P S A S S— 723
714

76.2 76.9 i 78.5 79.3 80.0 80.8 816 824 83.2 83.9

Energia Primaria [kWh/m2.y]

23
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* In order to achieve the European goal imposed by the EPBD of
having a decarbonized building stock in 2050, existing buildings
must be transformed into nZEB;

e Since 2/3 of the building stock was built before 1990 (the year of
the 1St Portuguese Energy Code for buildings) the majority of
buildings needs energetic refurbishment in order to meet nZEB
requirements;

e Different strategies must be applied according to the type of
building - Cost Optimal studies highlight the most important
strategies and technologies that must be applied to each type of
building.
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Thank you for your attention,

Joao Mariz Gracga, DEIR
joao.graca@dgeg.gov.pt
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