Panorama da Reabilitacao Energetica
em Portugal e na Europa

Laura Aelenel, LNEG

Jornadas de Conservacao e Reabllitacao
9 de Maio 2018




- Projecto (Nacional) SusCity

— Solucoes de reabilitacao no ambiente construido urbano — sector residencial

» Projeto (Europeu) RePublic_ZEB

— Solucdes de reabilitacao para edificios publicos
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Obijectivo:

* Habilitar e demonstrar um conjunto de novos servicos que exploram oportunidades
economicas associadas com a transicao para sistemas urbanos sustentaveis.

e Caracterizar fluxos e stocks de recursos no sector residencial (escala do bairro)
- Recolher e organizar informacao
- Desenvolver arquétipos de edificios

* Modelar fluxos urbanos

 Desenvolver uma ferramenta 3D interativa para analisar, visualizar e comunicar os
fluxos e stocks de recursos no sector residencial
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SusCity
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SusCity
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- TEST BED

01 | Olivais Velho

02 | Bairro da Encarnacéo

03 | Olivais Norte

04 | Olivais Sul

05 | Parque das Nacbes

06 | Non-Planned Area

07 | Area subject to Urban
Planning — PU Area
envolvente a Estacao
Oriente




Umi — Configuracao do modelo
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ARQUETIPOS DE EDIFICIOS
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SusCity - WP3 - Construcao de soluc¢oes inteligentes
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MODEL INPUTS

CATEGORY FAMILY Material Thick (m)  R(m2K/W) k(W/mK) ¢ (/keK)  plkg/m3)  Therm.e Solara Visuala
Rectangular Footing Concrete 05 0,025 2 840-1040  2300-2400  0,92-0,97 - -
SuperStructure Rectangular Beams Concrete 04 0,025 2 840-1041  2300-2401  0,92-0,98 - -
Rectangular Columns Concrete 03 0,025 2 840-1042  2300-2402  0,92-0,99 - -
CATEGORY FAMILY Material Thick(m) R(m2K/W) k(W/mK) c(i/keK) p(keg/m3) Therm.e  Solara Visual a
Ceramic tiles 0,02 0,015 13 745 2300 - -
Interior Floor Reinforced Concrete slab 0,05 0,025 2 840-1040  2300-2400 0,92-0,97 . -
Hollow Brick Blocks 0,06 0,146 0,41 920-1000 1000-1200 0,93 - -
Finishing - plaster 0,03 0,038 0,38 <1600 0,87 - -
Floor Ceramic tiles 0,02 0,015 13 745 2300 - -
Reinforced Concrete Slab 0,15 0,075 2 840-1040  2300-2400 0,92-0,97 : =
Ground Floor Damp-Proofing 0,008 0,007 1,15 920 <2100 - -
Poor Concrete 01 0,061 1,65 840-1040 2000-2300 0,92-0,97 - -
Gravel 01 0,050 2 - 1700-2200 - -
CATEGORY FAMILY Material Thick(m)  R(m2K/W) k(W/mK) c(/kgK) plkg/m3) Therm.e  Solara Visual &
Finishing - cement coating 0,02 0,025 0,8 1,046 1600 0,87 04 -
Hollow Brick Wall 0,15 0,366 0,41 920-1000 1000-1200 0,93 - -
Exterior Walls Air Gap - cavity no insulation 0,03 0,18 0,025 1000 1,23
Walls Hollow Brick Wall 011 0,268 0,41 920-1000 1000-1200 093 - -
Stucco 0,02 0,025 038 <1600 0,87 - -
Stucco 0,02 0,025 03 <1600 0,87 - -
Interior Walls Hollow Brick 0,15 0,366 0,41 920-1000 1000-1200 093 - -
Stucco 0,02 0,025 03 <1600 0,87 - -
CATEGORY FAMILY Material Thick(m)  R(m2K/W) k(W/mK) c(/keK) p(ke/m3) Therm.z  Solara Visual a
Clay Ceramic Tiles 0,03 0,018 1,65 840-1040 2000-2300 0,92-0,97
Damp-Proofing 0,008 0,007 1,15 920 <2100 - -
Roof Sloed Roof Poor Concrete 0,04 0,024 1,65 840-1040  2000-2300 0,92-0,97 - -
P Reinforced Concrete slab 0,05 0,025 2 840-1040  2300-2400 0,92-0,97 - -
Hollow Brick Blocks 0,06 0,146 041 920-1000  1000-1200 093 - -
m Stucco 0,03 0,038 03 <1600 0,87 - -
g8 . O
gl 0 ¢ o0 m CATEGORY FAMILY Material Frame Type =0 Glass Transmittance* Color  Break(Y/N) AucaRation Operable
i an @ Factor* (%) (YM)
lﬂ“'m m m I Aluminium
mmm Window Aluminium Window Simple Glazing (4mm) Frame 0,88 09 no color N 30 Y

] :
mnmmlﬂ]lﬂﬂzz:gnn

SusCity - WP3 - Construcao de soluc¢oes inteligentes
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Monitorizacao Modelo de energia

SusCity - WP3 - Construcao de soluc¢oes inteligentes
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Verificacao

Otimizacao



Monitorizacao de edificios reais

R4_MF_SL_C R4_MF_SL_C R3_SF SL C R6_MF_FL_C
T3, Olivais Sul, 1971 T2, Olivais Sul, 1967 T2, Encarnacﬁo’ 1947 T3, Parque das Nagﬁes, 2006

e —— s

R5_MF_FL_C R5_MF_FL_C R5_MF_FL_C
T4, Parque das Nagdes, 1996 T4, Parque das Nacdes, 2000 T2, Parque das Nagdes, 2005
o%e
e
@

SusCity - WP3 - Construcao de solucoes inteligentes LNEG
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Monitorizacao de edificios reais Ferramentas de monitorizac3o e dados de
registro de equipamento

Campanha de Monitorizacao

Periodo de Monitorizacdao | Parametros de Monitorizacao Ferramentos/Equipamentos
Comportamento Utilizadores Inquéritos
Temperatura HOBO
Sensores

Humidade Relativa Testo

Sensores de Qualidade do Ar
CO,/Rph : A :
Sazonal: Interior Chauvin Arnoux
_ c Elactr Medidores de Corrente Chauvin
Inverno/Verao onsumo Eléctrico Arnoux

Condicoes Exteriores:

Diario Temperatura Sensores de Temperatura
Humidade Relativa Sensores de Humidade
Radiacao Piranometro

Velocidade do Vento
Cata-Vento
Direcgﬁo dO VentO Laura Aelenei

SusCity - WP3 - Construcao de
solucoes inteligentes




Calibracao dos arquétipos com base no estudo de casos
reais e dados de monitorizacao

Building geometry . .
. Go.gle S Archetype simulation
e ae. 0 o 0P o
e v . =t §=§I::‘f Comparison with the base ’
Lt - —) WS model
Sources: [Building plans } [ Building model Deviation from base model
- Lisbon Municipality calculation
- occupants inquiries Inputs v Climate and ool
- ther stati . . ‘ esults ’
Weather station Schedules Internal Gains simulation 20 Stage
Building parameters
Calibration usin ot ti
o g characteristics Occupation People Lisbon epw
onitoring: ) L o
- Indoor temperature Envelope solutions Lighting Lighting file
Relative h p dity Window materials Equipment system I]:I1mfi‘;ep ]
- €lative numdi . . : €a ansier
) Shadings Infiltration Equipment || 1 orithms Improvement Measures
- CO2 concentration HVAC
- Diquipment substitution ]
1st Stage ) : :
[Acclimatization needs] Energy cmgislumptmn [Indoor temperature] [Passwe solutions ] I
profile -
0
5 Lighting and — [Changing behavior ] . 3rd Stage
o equipment Thermal comfort ‘ Building Energy Improvement measures analysis
g consumption analysis Consumption
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SusCity - WP3 - Construcao de soluc¢oes inteligentes

MEDIDAS APLICADAS AOS SISTEMAS

MEDIDAS APLICADAS NA ENVOLVENTE - Aumento da eficiéncia energética da
producao de sistemas AQS

- Aumento da eficiéncia dos sistemas de
aquecimento e arrefecimento

- Aplicagao do isol
- Aplicacao do isolamento térmico nas
- Utilizacdao de energia solar para a
producao de eletricidade e AQS
- Aumento de eficiéncia dos sistemas de
iluminagao
- Gestdo inteligente de sistemas

coberturas
- Aplicagao do isolamento entre os pisos
- Substitui¢ao das janelas

Laura Aelenei



SusCity - WP3 - Construcao de soluc¢oes inteligentes

IDENTIFICATION OF ENERGY EFFICIENT TECHNIQUES - RESIDENTIAL

Windows — Domestic
double glazing water Heating,

Lighting
System

280 combinations for

improvement energy efficiency
2 Measures

Exterior walls

and better Heating and
frames Cooling
4 7

— insulation

| =
=

Results:

e The measures have high payback periods

* The electrical consumption is already low, so improvement measures will not affect
greatly the energy consumption

 The measure with lower payback periods relies on the lighting replacement



Rem}EB

REfurbishment of the PUBLIC building stock towards nZEB

March 2014 — October 2016

Coordination: CTI (italian Thermotechnical Committee Energy and Environment)
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Pacotes de medidas
de EE

Metodologias

Co-funded by the Intelligent Energy Europe
Programme of the European Union

Reabilitacao
Edificio
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Nearly zero energy buildings: achieving the EU 2020 target
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Artigo g°
Edificios com necessidades quase nulas de energia

» O mais tardar em 31 de Dezembro de 2020, todos os edificios novos
sejam edificios com necessidades quase nulas de energia; €;

» Apos 31 de Dezembro de 2018, os edificios novos ocupados e detidos por
autoridades publicas sejam edificios com necessidades quase nulas de
energia.

» Elaborar planos nacionais para aumentar o niumero de edificios nZEB
seguindo o exemplo do sector publico,

* Objectivos intermeédios para melhorar o desempenho energetico
dos edificios novos, até 2015,

* Descricao pormenorizada da definicao nZEB/NZEB (incluindo a
renovagao dos edificios em direcao a NZEB)

'Q.o
LNEG



Nearly zero energy buildings: achieving the EU 2020 target

Artigo 5°
Calculo dos niveis optimos de rentabilidade dos requisitos minimos
de desempenho energético

» A Comissao estabelece uma metodologia comparativa para o calculo
dos niveis optimos de rentabilidade dos requisitos minimos de
desempenho energético dos edificios e dos componentes de edificios.

Haring sagard e= cha Trazey on the Funcsizning of da Europasn
Usion, and iz pardcslar Ardcls 1942) dharscf,

Haring ragasd 12 dha propezsl Sum the Europasn Commizsan,

» Os Estados-Membros devem calcular os niveis optimos de
rentabilidade dos requisitos minimos de desempenho energético e
parametros relevantes, como as condi¢oes climaticas e comparar os
resultados deste calculo com os requisitos minimos de desempenho
energetico em vigor.

Haring mgerd t2 e opimiss of the Eurcpasn Ezsazmiz and
facisl Commizme (1),

Having mped 1 the opinien of dha Commizes of che
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PERFORMANCE
BPIE INSTITUTE =
EUROPE |

measures (current requirements and heyond
incl. nZEB)

Definition of packages\gf energy performance

Framework conditions:
tlimate, peometries, system performance etc

REQUISITOS PARA A METODOLOGIA

O definir e selecionar edificios representativos de cada tipologia e regido do pais,

incluir as condi¢oes de clima interior e exterior, geometrias etc. - "edificios de

referéncia";

Q estimar a energia fornecida e a energia primaria para o edificios de referéncia
selecionado;

L determinar o ciclo de vida economico para o edificio de referéncia - custos de
investimento, energia, mao de obra, manutencao e de eliminagao para varias
medidas de eficiéncia energética, e de fontes de energia renovaveis (pacotes)

O tracar a curva de custo(s) e determinar o nivel 6timo

Economic
optimum

Framewaork conditions:

investment costs, interest rates, energy price
ate.

fered | Caleulation of financial performanice for s2t of
ey packages
- =G+ ) Y (G XRW@)- .0
§ i

[Net Present Value)

Owerview of financial
performance of packages of

MEasurcs

kcouditions___ !

Update/
reportingcycle

Distance to target
(new buildings, 2021)

Laura Aelenei

Primary energy consumption [kWh/m?]

Figure 4: Beneficial areas in relation to cost optimum and distance to target (example only)
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RePublic_ZEB- STRUCTURE

WP1 Mangement
(Lead by CTI)

WP2 Analysis of the public building stock and definition of reference buildings
(Lead: BSERCQ)

WP3 Assessment of the status quo and analysis of opportunities for refurbishing public buildings
towards nZEB
(Lead: BME)

WP Costs/benefits analysis of the “packages of measures” for the refurbishment towards nZEB
(Lead: POLITO)

WP5 Strategies and guidelines towards nZEBs
(Lead: LNEG)

WP6 Communication and dissemination

(Lead: BRE) & ..

The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union. Co-funded by the Inteiligent Energy Europe L n EG
Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein. Programme of the European Union .
Laura Aelenei
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Relﬂdﬁ.ZEB

WP2 — Classificacao do parque edificado publico

Educacional

Escolas .

Universidades Edificios para
Liceus pratica desportiva

Hotéis e restaurantes
Hoteis
Alojamentos de curta duragao

Outros tipos de edificios

ey . consumidores de enerqgia
Edificios g

Aeroportos civis e militares

Servigos de saude

Hospitais e outros
centros de saude

(EUROSTAT) porto
Cinemas, salas de concertos, operas,
teatros

Publicos EstacOes ferroviarias e de camionetas,

| o Superficies
Residenciais \ comerciais

Laura Aelenei e Ana Ferreira

The sole respon bI ity for the fh webp g e lies with the author: Id t nel arily reflec h p fheEuropean Union.
Nei h h EACI nor the Eur p C sion espon blf any use that yb d of the f n contained therein.

Co-funded by the Intelligent Energy Europe
Programme of the European Union
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WP2 — Analise do parque edificado publico - Metodo de selecao

m—"

Seleccdo das Categorias Selecao dos Edificios de Referéncia

de Edificios i

Os seguintes critérios foram aplicados:
o Area total e condicionada de pavimento;

Os seqguintes criterios foram aplicados para a o Idade do edificio;

escolha de categorias representativas: o Materiais de construcao e correspondente

o Area condicionada do edificio, m?; propriedades térmicas da envolvente do edificio;
o Energia especifica final e primaria consumida, o Horarios de utilizagao;

Sistemas tecnicos/instalagdes para a
anutencao do ambiente construido;
Padrdes operacionais;
Tipos de energia utilizadas para aquecimento.

kWh/m2.ano;
o Quantidade de equivalente de emissao de CO, do
consumo especifico de energia, kg/m=2.ano.

. . Co-funded by the Intelligent Energy Europe
Laura Aelenei e Ana Ferreira - . o , . , Programme of the European Union
The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union.
Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.
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WP3 — Avaliacao do status quo e analise de oportunidades para a reabilitagao de LNEG
edificios publicos em direcao NZEB
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Co-funded by the Intelligent Energy Europe

Laura Aelenei e Ana Ferreira - . . , iy , Programme of the European Union
The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union.

Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.
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&
WP4 — Modelagao dos edificios — Folha de Calculo POLITO o®
LNEG
Permite aval_lar: L Necessidades Eficiéncias Eficiéncia
¢ Asnecessidade energeticas para: Energéticase Energéticas para Energética Fontes
. Aquecimento/Arrefecimento; aguecimentoe aguecimentoe para Renovdveis
arrefecimento producao de AQS arrefecimento

* Producao de AQS;
* Ventilacao; EN 15316-1

(T
. ~ ©
* lluminacao. P EN 15316-2
« A demanda de energia para cada tipo de g5 EN 15316-3
| glap PO © EN 15316-4-1
energia de cada necessidade energeética; = |

A 4

EN1SO 13790

EN 15316-4-2,3,4,5,6,7

* O valor de cada componente de energia |
primaria: | EN15243
* Nao-renovavel; : 3

R Vel UNI/TS11300-2
* Renovavel; F
° Total_ UNI/TS 11300-1

v

UNI/TS 11300-3

Standards
Italianos

v

UNI/TS11300-4

* O indice de energia renovavel, RER;

h 4

A ferramenta leva em conta a transposi¢ao

italiana das normas da UE. Sistemas técnicos para aquecimento, arrefecimento e produgao de

AQS subdivididos em subsistemas: emissao, controlo, distribuicao,
armazenamento (se possivel) e geracao).

Co-funded by the Intelligent Energy Europe
Programme of the European Union

Método de calculo quasi-estavel, baseado nas
condi¢des mensais.

Laura Aelenei e Ana Ferreira

The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union.
Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.




Common criteria and principles for public building nZEB definition in
south and east European countries

Global cost

>

not cost effective

cost effective

<
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' °® 'y} L ® [ ] o0
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[ 1] °® °®
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00®® ) [ J ® [ 1
7 1 Lt o o
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Existing
building
..- .-

Cost-optimal range

<hiqh enerqy efficiency low enerqy efficiency,

Energy performance

Rem_ZEB

LNEG
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WP4 — Resultados modelacao: Residencial Residential Building - Social Housing LNEG
900

850

2
800

750 B

700 \. /

650

Residential Building - Social Housing

350

Eren

Hnren

N oW
o o
o o
\

Global Cost [€/m?]
[ ]

e
(62}
o

100 -

600 T T 1

50 1 . . l 0 50 100 150
0 . ‘ . Energy Performance EPy ., [kWh/m?]

Edificio de Referéncia
EP [kWh/m? a]
3

Heating Cooling Water Ventilation Lighting  Global

Edificio d_e Edific[o_

o © Residential Building - Social Housing N.° Medida de Eficiéncia Energética (MEE) Simbolo Referéncia | Solugdo Ot:\rlnoa
co R = I cost-optimal solution Valor Valor | \\or
<GC) 2 1 | Isolamento térmico pelo exterior, Paredes Up 1,76 0,4 2

o ‘O 300 1 aren 3 | Isolamento térmico, Cobertura Ur 2,8 0,4 1
L'q_) 18 __ 250 - mnren 4 | Isolamento térmico, Pavimento Us 2,1 0,7 1
o “3" “E 200 5 | Vao envidragado com U melhorado Uw 5,2 2,8 1
% E § 150 6 | Sombreamento solar Ts 1 1

é. - - ~

8 © | & 100 10 aSanggEgggbmado de producgdo de AQS e cop 11 5
E £ 50 12 | Paineis solar térmicos m? 32 1
-LIDJ 8 0 I | - ) . 13 | Sistema fotovoltaico kWp 4 1

Heating | Cooling " Water Ventiation Lighting " Global 16 | Densidade de poténcia de iluminagao PN 9 1,28 2

. . Co-funded by the Intelligent Energy Europe
Laura Aelenei e Ana Ferreira . , . ‘ » , Programme of the European Union

The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union.

Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.
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WP4 — Resultados modelacao: Residencial

350

300
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200

EPg [kWhim? g

150

100

50

Desempenho Energeético

Residential Building - Social Housing
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nZEB2

N.© Medida de Eﬂ::;éErl'IEcia Energética Simbolo | Referéncia nZEB_1
( ) Valor Valor Tecnologia
1 | Isolamento térmico pelo exterior, Paredes U 1,76 0,2 12 cm EPS
3 | Isolamento térmico, Cobertura Ur 28 0,3 10 cm EPS
4 | Isolamento térmico, Pavimento Uk 21 0,4 10 cm EPS
" : Widro duplo, caixilho
5 |Vao envidragado com U melhorado U 51 21 com corte t&rmico
6 | Sombreamento solar - int Sombn_aam?nto pelo
interiar
10 S|5tema_comb|nad0 de producéo de AQS COP 0,83 C_aldewa a
e aguecimento biomassa
12 | Painéis solar térmicos m? 32 Flano
13 | Sistema Fotovoltaico KWe 4 Monocristalino
16 | Sistema de lluminagao PN 10 1,28 LED
. il L. Edificio de
N Medida de Eﬂ:':;lécla Energética Simbolo | Referéncia nZEB_2
( ) Valor Valor Tecnologia
1 | Isolamento térmico pelo exterior, Paredes Up 1,76 0,2 12 cm EPS
3 | Isolamento t&rmico, Cobertura Ur 28 0,3 10 cm EPS
4 | Isolamento térmico, Pavimento Us 2.1 0.4 10 cm EPS
" : Widro duplo, caixilho
5 | Vao envidragado com U melhorado U 51 21 com corte termico
6 | Sombreamento solar - int Sombream_ento pelo
interor
10 Sistema_combinado de producéo de AQS COP 1.1 Caldeira a gas
& aguecimento natural
12 | Painéis solar térmicos me a2 Plano
13 | Sistema Fotovoltaico kK\We 4 Monocristalino
16 | Sistema de lluminagao PN 10 1,28 LED
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Matrix

Envelope solutions
Energy Efficient systems solutions

Renewable energy Systems solutions

M1-1 Roof — External insulation (25-34 cm EPS)
M1 M1-2 Roof — External insulation (15-22 cm XPS)
Wall insulation | M1-3 Roof — External insulation (6-10 cm XPS)
M1-4 Wall — External insulation (20 -22 cm EPS)
M1-5 Wall — External insulation (12-15 cm EPS)
M1-6 Wall — External insulation (3-9 cm EPS)
M1-7 Wall — External insulation (30cm EPS)
M2 M2-1 Window — Triple glass low-e filled with gas
Windows M2-2 Window in PVC — Triple glass low-e
M2-3 Window in PVC — Double glass
M2-4 Window in aluminum — Double glass, low-e
M3 M3-1 External movable shadings
shading M3-2 External fixed shadings
M4 M4-1 Air source heat pump
Energy Efficient = M4-2 Ground or water source heat pump
Systems M4-3 High efficient chiller
M4-4 Mechanical ventilation
M4-5 Heat recovery system
M4-6 Load management
M5 M5-1 LED
Lighting M5-2 Linear fluorescent lamp T5, T8
M6 M6-1 Solar Thermal systems
RES M6-2 Photovoltaic system (monocrystalline, polycrystalline)
M6-3 Biomass boiler
M7 M7 District heating

The sole responsibility for the content of this webpage lies with the authors. It does not necessarily reflect the opinion of the European Union.
Neither the EACI nor the European Commission are responsible for any use that may be made of the information contained therein.
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RePublic ZEB is a European Commission funded Reducing building energy consumption to a
project that brings together partners from the “nearly zero" level is one of the prionties to &
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