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Intro

The most famous sentence in building science

1. Introduction

In recent years, an increasing number of countries have committed
themselves not just to reducing greenhouse gas emissions, but rather to
completely avoid them from 2050 (EU) or 2060 (China). This tightening
of the climate targets has far-reaching consequences since all sectors
have to drive their emissions towards zero. Especially in the building
sector, which accounts for 36% of C0O; emissions in th e EU (19%
worldwide; IPCC 2014). decarbonization is a challenge. In the residen-
tial building sector, this is since living space and thus the building-
related energy consumption are continuously increasing. Furthermore,
due to their long lifespan, 70-80% of the buildi
climate-neutral by 2050 have already been built and
climate-neutral technologies.

1. Introduction

1. Introduction

The building sector accounts for approximately 40 % of energy
consumption, 36 % of carbon dioxide emission [1], and 50 % of
eleclricil y demand [2] in the wot In China, buildings are
responsible for 25 % of the national energy demand [3]. Enhancing
energy efficiency, especially of existing buildings, has become an
imperative for the architecture, engineering, and construction
(AEC) industries to achieve green development goals. Although
most building energy consumption occurs during the operation
phase to maintain indoor thermal environments [4] and provide

s [5], the energy efficiency is mainly

[source: Geske, Energy Economics, 2022]

Buildingz are responsible for approximately 40% of the energy
consumption of the European Union (EU) Residential buildings in
particular accounted for 27% of the final energy consumption of the EU
in 2020 . Consequently, in recent years, the EU is making great efforts
to decrease energy consumption and improve the energy efficiency of
buildings [3.4].

The scientific community has also focused significantly on quanti-
fying the energy consumption of buildings and analysing the causes of

high energy consumption in households. The actual energy consumption

[source: Li et al, Energy, 2021]

[source: Hernandez-Cruz et al,
Energy & Buildings, 2023]



Context

Italian buildings in numbers
On average, residential
Numero di edifici per tipologia d'uso bUIIdIngS account for
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The building stock consists of
__approx. 12 million buildings,

reaching more than 24 million

residential units. (ISTAT 2011)
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M residenziale B produttivo B commerciale direzionale/terziario the pUbllC hOUS|ng StOCk (approx'

W turistico/ricettivo M servizi W altro tipo di utilizzo M non applicabile 35%)



Context

Italian buildings in numbers
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Context

Energy efficiency in buildings: controversial policies?
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[source: www.ilgazzettino.it, Feb 2023]

Approvata la direttiva europea “case green”, ecco cosa prevede

15 marzo 2023

Arriva dal Parlamento europeo il via libera alla direttiva Ue sulle “case green™: il provvedimento avanzato dalla Commissione
europea per migliorare le performance energetiche degli edifici inserito nel pacchetto di riforme Fit for 55.

Il testo della direttiva Energy performance of building directive (Epbd) - nato con la mission di riqualificare il parco
immobiliare dell'Ue e migliorarne l'efficienza energetica - potra subire modifiche rispetto a quelle gia registrate prima di
diventare definitivo.

L'obiettivo del provvedimento & di agire in modo prioritario sul 15% degli edifici pii energivori per ogni stato membro,
collocati nella classe energetica G (la pil bassa).



Objectives

The main objective is to develop a tool to help evaluate building-related
energy policy choices on a national level.

Resea rC h q u esti O n S Figura 92 - Evoluzione dei consumi finali per fonte al 2040 [Fonte: RSE]
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Methods

A physics-based, bottom-up modelling approach
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Methods

A physics-based, bottom-up modelling approach

A survey from ISTAT on a representative sample of more than 54.000 «families»
distributed among regions according to the population.

| 4

‘ FIGURA 3. FAMIGLIE DOTATE DI SISTEMI PER IL CONDIZIONAMENTO. Anno 2021, per 100 famiglie

624 gp3 59.9 573
519 508 504 488
46,1
439
339 312 300 288 %7 g

IIIIIIIIIIIIIII..E T

Q @ © ® @®w o © ® ® ®© ® ® ¥ o 9 ®m ® 2w @ @©m @@ O

o i i = L] B 'Ec L]
= e =4 5, = = = = = ] p E o W%g
[ = 3 (_'Zl & = D. “’ m 2 E 2 =} T ﬂ"oq—_
E = o = O - = o = & S E = £ =z = = = _ g8 32-¢
= m 0 = op @ 50
- g 3 8 53 2@
= @ &R T @
E =z £% ==
- 3 5
frs =

Fonte: Istat, Consumi energetici delle famiglie, Anno 2021



Methods

A physics-based, bottom-up modelling approach

Fase A Fase B Fase D

Elettrodomestici e altro Rendimenti impianti
(MOIRAE, GFK, DOXA...) Calcolo ACS e riscaldamento

Dati meteo consumi elettrici

N. 60 archetipi di edifici elettrodomestici, . Analisi
cottura Consumi per vettore di

Analisi dataset consumo ACS scenari

Dataset ISTAT Pre . g
processing

Profili VALIDAZIONE
EN 16798

Applicazione Fase C
scenari di

riferimento R Modello Edificio
modello . . Fabbisogno orario
Simulazione

geometrico (Heat/Cool)

edificio

oraria

Simulazioni fisiche orarie



Methods

A physics-based, bottom-up modelling approach

Thermal Zone

i}

(a) (b)

5R1C Model from ISO 13790: (a) representation of the building’s energy balance, (b) equivalent thermal
network based on the electrical analogy [source: Prataviera et al, 2020]



. . Energy end use for space heating, cooling, DHW,
P re | Imina ry resu |tS cooking, lighting, other electrical appliances
Energy demand for Heating GWh Energy demand for Heating kWh/m?2
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Preliminary results Energy consumption rom diferent enerey

Natural gas consumption Mm3 Energy consumption for wood and pellets GWh
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A note

GHG and pollutant emissions: why are both time and space important?

Carbon intensity of electricity - Italy North - 2022
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[source: Electricity Maps, 2023]



Expected results

Impact of climate change

CTI1 2013 and EP 2050 yearly average temperature
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Annual temperature trend in Bologna, Emilia-Romagna
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ure 4.7: Annual trend of external temperature in Bologna, Emilia-Romagna, of 2013 and 2050 climatic data.

[source: Gaudino F., 2023]



Expected results

Impact of energy retrofit policies
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(*) source: STREPIN — STrategia per la Riqualificazione
Energetica del Parco Immobiliare Nazionale, 2020 [source: Gaudino F., 2023]



Expected results

Impact of user habits

Annual saving

f = 2062 per person
fit = eapi7 435 + 0.398)
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Figure 5: The impact of turning down the thermostat by 1°C in individual houses. Top panel shows the
change i daily pas consumption over one yoar (2009-10) in a randomly selocred Brinish bouse., Borrom
panels show the gas saving across the whole population of bouses with gas metaring  the EDRP dataser
[36], ralative to total gas consumption in each bouse (bottom left) and in absolute teyms (bottom right).

[source: Staffel et al , Nature Energy, 2023]



Thank you for your
attention!

Contact

jacopo.vivian@unipd.it



	Diapositiva 1: Progetto PNRR PE9 (GRINS) - WP2  Calculating the energy consumption  of the Italian residential building stock:  a bottom-up modeling approach
	Diapositiva 2: Intro
	Diapositiva 3: Context
	Diapositiva 4: Context
	Diapositiva 5: Context
	Diapositiva 6: Objectives
	Diapositiva 7: Methods
	Diapositiva 8: Methods
	Diapositiva 9: Methods
	Diapositiva 10: Methods
	Diapositiva 11: Preliminary results
	Diapositiva 12: Preliminary results
	Diapositiva 13: A note
	Diapositiva 14: Expected results
	Diapositiva 15: Expected results
	Diapositiva 16: Expected results
	Diapositiva 17

