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Heat pump potential needs to be unleashed

Heat pump deployment needs to scale up quickly in order to meet the 2030 NZE scenario target: the heat pump stock 
should reach 600 millions and cover more than 20% of the total heating needs
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9.4.3 Technological Developments Since AR5

9.4.3.1 Overview of Technological Developments

There are many technologies that can reduce energy use in buildings 
(Finnegan et  al. 2018; Kockat et  al. 2018a), and those have been 
extensively investigated. Other technologies that can contribute to 
achieving carbon zero buildings are less present in the literature. 
Common technologies available to achieve zero energy buildings 
were summarised in (Cabeza and Chàfer 2020) and are presented in 
Tables 9.SM.1 to 9.SM.3 in detail, where Figure 9.11 shows a summary.

Other opportunities exist, such as building light-weighting or more 
efficient material production, use and disposal (Hertwich et  al. 
2020), fast-growing biomass sources such as hemp, straw or flax as 
insulation in renovation processes (Pittau et al. 2019), bamboo-based 
construction systems as an alternative to conventional high-impact 
systems in tropical and subtropical climates (Zea Escamilla et al. 2018). 

Earth architecture is still limited to a niche (Morel and Charef 2019). 
See also Cross-Chapter Box 9 in Chapter 13 for carbon dioxide removal 
and its role in mitigation strategies.

9.4.3.2 Appliances and Lighting

Electrical appliances have a  significant contribution to household 
electricity consumption (Pothitou et  al. 2017). Ownership of 
appliances, the use of appliances, and the power demand of the 
appliances are key contributors to domestic electricity consumption 
(Jones et al. 2015). The drivers in energy use of appliances are the 
appliance type (e.g.,  refrigerators), number of households, number 
of appliances per  household, and energy used by each appliance 
(Chu and Bowman 2006; Cabeza et al. 2014; Spiliotopoulos 2019). 
At the same time, household energy-related behaviours are also 
a driver of energy use of appliances (Khosla et al. 2019) (Section 9.5). 
Although new technologies such as IoT linked to the appliances 
increase flexibility to reduce peak loads and reduce energy demand 

Figure 9.10 (continued): Decompositions of changes in residential embodied emissions projected by baseline scenarios for 2020–2050, and differences 
between scenarios in 2050 using two scenarios from the RECC model. (a) Global resolution, and (b) for nine world regions. Emissions are decomposed based on 
changes in driver variables of population, sufficiency (floor area of new construction per capita), material efficiency (material production per floor area), and renewables (GHG 
emissions per unit material production). ‘Renewables’ is a summary term describing changes in GHG intensity of energy supply. Emission projections to 2050, and differences 
between scenarios in 2050, demonstrate mitigation potentials from the dimensions of the SER framework realised in each model scenario.
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Sufficiency includes those measures that 
do not require energy to be implemented. 

Efficiency includes those measures
that improve the energy intensity.

Renewables includes those measures that 
increase building resilience to climate

change impacts.
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Figure 9.11 | Energy savings potential of technology strategies for climate change mitigation in buildings. Sources: adapted from Imanari et al. (1999); Cabeza 
et al. (2010); Fallahi et al. (2010); Prívara et al. (2011); Radhi (2011); Asdrubali et al. (2012); Capozzoli et al. (2013); Chen et al. (2013); de Gracia et al. (2013); Seong and Lim 
(2013); Sourbron et al. (2013); Bojić et al. (2014); Haggag et al. (2014); Sarbu and Sebarchievici (2014); Spanaki et al. (2014); Vakiloroaya et al. (2014); Djedjig et al. (2015); 
Mujahid Rafique et al. (2015); Yang et al. (2015); Andjelković et al. (2016); Costanzo et al. (2016); Coma et al. (2016); Harby et al. (2016); Navarro et al. (2016); Pomponi 
et al. (2016); Coma et al. (2017); Khoshbakht et al. (2017); Saffari et al. (2017); Luo et al. (2017); Jedidi and Benjeddou (2018); Romdhane and Louahlia-Gualous (2018); 
Lee et al. (2018); Alam et al. (2019); Bevilacqua et al. (2019); Gong et al. (2019); Hohne et al. (2019); Irshad et al. (2019); Langevin et al. (2019); Liu et al. (2019); Omara and 
Abuelnour (2019); Rosado and Levinson (2019); Soltani et al. (2019); Varela Luján et al. (2019); Zhang et al. (2019); Annibaldi et al. (2020); Cabeza and Chàfer (2020); Dong 
et al. (2020); Nematchoua et al. (2020); Ling et al. (2020); Mahmoud et al. (2020); Peng et al. (2020); Zhang et al. (2020c); Yu et al. (2020).

(Fonte IPPC WG III)



Residenziale diretto

Residenziale indiretto

Non residenziale diretto

Non residenziale indiretto

Industria delle costruzioni edili

Altre industrie delle costruzioni
Altre industrie

Trasporto

Altro

Emissioni edifici

(grafico FIRE da dati IEA)

Non solo emissioni da consumi operativi

IEA Emissioni globali di energia e di processo provenienti dagli edifici, comprese le emissioni 
incorporate da nuove costruzioni

7

27%

73%



Il ciclo di vita dell’edificio

( F I R E : t r a d u z i o n e c o n 
m o d i f i c h e t a b e l l a 6 E N 
15978:2011 Sostenibilità delle 
costruzioni - Valutazione della 
prestazione ambientale degli 
edifici Metodo di calcolo )
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Figure 9.9 | Building materials (a) embodied energy and (b) embodied carbon. Source: Cabeza et al. (2021).
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Box 9.1 (continued)

with less in relative terms without considering the planetary boundaries, while the former is about long-term actions driven by non-
technological solutions (i.e., land-use management and planning), which consume less in absolute-term and are determined by the 
biophysical processes (Princen 2003). 

Box 9.1, Figure 1 | SER framework applied to the building sector. Source: Saheb (2021).

Applying sufficiency principles to buildings requires (i) optimising the use of buildings, (ii) repurposing unused existing ones, 
(iii) prioritising multi-family homes over single-family buildings, and (iv) adjusting the size of buildings to the evolving needs of 
households by downsizing dwellings (Wilson and Boehland 2005; Duffy 2009; Fuller and Crawford 2011; Stephan et al. 2013; Huebner 
and Shipworth 2017; Sandberg 2018; McKinlay et al. 2019; Ellsworth-Krebs 2020; Berrill et al. 2021) (Box 9.1, Figure 2). 

Avoiding the demand for energy and materials over the life-cycle of buildings and goods
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Attività FIRE legate a questi temi

GUIDA ASSOEGE - 
FIRE CONTABILITA’ 

ENERGETICA
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FIRE offre un ampio catalogo di corsi per 
gli energy manager, ed EGE fra cui:

Fondamenti dell’energy management

Soluzioni per ridurre la domanda di 
energia (tecniche, organizzative e 
comportamentali)

Principali tecnologie

Forniture energetiche
FER, generazione distribuita, comunità 
energetiche, PPA
Incentivi disponibili: come usarli
E P C e a l t r i c o n t r a t t i p e r l a 
riqualificazione energetica
Misura e verifica dei risparmi energetici
Energia e sostenibilità
Comunicazione e negoziazione
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I prossimi eventi FIRE:

Enerpolicy, politiche di 
supporto per l’efficienza 
energetica. Roma 19 giugno 
2024

Servizi energetici: modelli, 
contratti e misura e verifica 
delle prestazioni. Bologna 22 
ottobre 2024

Enermanagement 2024. Milano 
20 novembre 2024

https://fire-italia.org/calendario-eventi-fire/



F I R E p r o m u o v e l ’ e f f i c i e n z a 
energetica, le fonti rinnovabili e la 
sostenibilità ambientale dal 1987.

Associarsi consente di: 

entrare in una rete di imprese, enti 
ed esperti
rimanere aggiornati sull’evoluzione 
del settore
partecipare a tavoli di lavoro 
accedere a un ampio programma 
formativo
collaborare su progetti specifici
e molto altro

ASSOCIATI E SOSTIENI 
LA NOSTRA AZIONE!



Nome relatore, FIRE

https://www.linkedin.com/company/fire-federazione-
italiana-per-l'uso-razionale-dell'energia

https://blog.fire-italia.org

https://www.facebook.com/FIREenergy.manager  

https://www.twitter.com/FIRE_ita

https://www.instagram.com/fire.energia

Grazie!
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