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How Self-Consumption Can Contribute to the Next Phase  
of  Electrification
BY CATARINA SILVA AND INÊS CARRILHO-NUNES 

Abstract

This article examines how self-consumption can support 
the next phase of electrification by complementing cen-
tralized supply, easing peaks, and stabilizing electricity 
prices. In addition, when paired with electric mobility, 
it offers a practical though partial route to meet rising 
demand more sustainably and strengthen progress 
toward decarbonization.

Introduction

The world is moving fast into the “Age of Electricity”. 
Over the last decade, electricity use grew at twice the 
pace of total energy demand. From now until 2035, it 
is set to grow six times faster, driven by the uptake of 
electric vehicles (EVs), air conditioning, chips, artificial 
intelligence, and other electrified end uses1. This is not 
a marginal shift, it is the demand side reality of the next 
stage of the transition.

That acceleration raises climate concerns. Energy 
is responsible for more than three-quarters of global 
greenhouse gas emissions (GHG), primarily from 
the burning of fossil fuels. Current carbon dioxide 
(CO2) trends still run above what is required to avoid 
the worst impacts of climate change. The transi-
tion will only succeed if electrification advances 
with a rapid decarbonization of supply. Renewable 
energy is pointed out as one solution to the growing 
energy challenges (Asif & Muneer, 2007). Renewable 
resources such as solar, wind, biomass, waves, and 
tidal energy are abundant, inexhaustible, and environ-
mentally friendly.

However, a key question remains. Can available 
renewable resources and the networks that deliver 
them keep pace with such rapid growth in electric-
ity use? Self-consumption is a possible way to sup-
port and complement that effort. Self-consumption 
means generating renewable power where it is used 
and consuming it on-site (Gautier et al., 2019). It is a 
way of decentralizing energy production. In practice, 
there are two main forms. First, all electricity is used 
or stored at the premises, so nothing flows back to 
the grid. Second, any surplus can be exported and 
paid for, depending on national rules and local grid 
capacity. This second form introduces the prosumer, 
a renewable self-consumer who generates, consumes, 
stores, and sells power, taking part in the market 
(Gallego-Castillo et al., 2021). In both cases, house-
holds and firms move from passive users to active 
participants in the energy transition. As a result, self-
consumption can democratize access to clean energy 
by allowing households and firms to produce part of 
what they use, supporting a more inclusive and fair 
energy transition.

Centralization vs 
decentralization of production

Large central renewable 
plants remain essential for scale 
and for cutting emissions. They 
have delivered real gains, yet 
they often need heavy new infra-
structure and face losses when 
production and use are not 
aligned (Kabeyi & Olanrewaju, 
2025). Decentralized power sys-
tems can substitute for central 
supply, where generators are 
placed closer to demand, which 
mitigates transmission losses. 
In these settings, solar installations are often more 
economically viable ( Javid et al., 2021). Decentraliza-
tion also changes who participates. Households and 
communities can generate and store electricity and 
share surplus within local schemes. Consumers move 
from passive price takers to active price makers and 
engage directly with energy markets (Hasan & Yousefi, 
2023; Mansouri et al., 2022). The system becomes more 
integrated, vertically from supply through to demand, 
and horizontally across power, heat, and gas. The result 
is a system that is more secure and more competitive, 
where exposure to supply shocks is reduced.

Self-consumption is often realized through rooftop 
solar photovoltaics (PV) installed on residential build-
ings. It has a clear impact on household energy use, 
from domestic tasks and lighting to water heating and 
charging EVs. This local clean generation helps meet 
growing electricity demand, reduces reliance on the 
grid during peak periods, and supports greater energy 
independence. When combined with energy storage, 
the contribution of solar energy to the resilience of the 
energy system becomes even more powerful. Batteries 
allow solar systems to supply electricity even at night or 
during grid disruptions. 

Taking these factors into account, increasing self-
consumption is a vital step toward meeting rising 
electricity demand. Outcomes will not follow from 
infrastructure alone. Progress requires innovation in 
technology and in policy that aligns local generation 
with use and supports decarbonization. It also requires 
a clear view of the drivers of adoption for households 
and firms. Because individuals are at the center of 
these choices, understanding what lowers barriers and 
lifts uptake is essential.

Price dynamics and market design

Self-consumption can potentially influence electric-
ity price stability by shifting demand toward on-site 
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renewable generation and storage. Using data from 
a pilot with 39 households, van der Stelt et al. (2018) 
show that household and community energy storage 
combined with demand-side management can signifi-
cantly increase PV self-consumption and reduce grid 
imbalance between supply and demand. By aligning 
local generation with household use, these systems 
lower reliance on grid imports during peak hours, 
which reduces exposure to high tariffs and supports 
a smoother load profile. At a broader scale, peer-to-
peer trading mechanisms can channel surplus self-
generated electricity to nearby consumers, creating 
local market equilibria that benefit both prosumers and 
consumers. Indeed, An et al. (2022) demonstrate that 
by defining optimal trading prices between consumers 
and prosumers, peer-to-peer exchanges can provide 
competitive pricing that improves the match of local 
supply and demand, contributing to more efficient and 
stable energy markets.

At the system level, self-consumption’s impact on 
household electricity prices depends strongly on 
regulatory design. Fett et al. (2019) find that in Ger-
many, less than one-third of the potential increase 
in household electricity prices is attributable to self-
consumption itself, while feed-in remuneration and 
the reallocation of grid levies play a larger role. Their 
simulations show that tariff structures (whether based 
on consumption, capacity, or fixed charges) determine 
whether self-consumption moderates or amplifies 
overall price pressures. Importantly, they highlight that 
policy choices, such as self-consumption charge or 
revised allocation of grid costs, can limit price increases 
while still encouraging adoption of rooftop PV and 
storage. Thus, while self-consumption can contribute 
to stabilizing prices at both the household and market 
level, its effectiveness depends on supportive regula-
tory and market frameworks.

Self-consumption and transport decarbonization

Transport accounts for about 15 percent of total GHG 
emissions and roughly 23 percent of global energy-
related CO2

2. Decarbonizing this sector is unavoidable, 
and electric mobility is the central pathway because it 
replaces fossil fuels with electricity. Yet climate gain is 
conditional. An EV charged with electricity produced 
from fossil sources delivers only part of the environ-
mental benefit and generates new concerns regarding 
electrification.

Self-consumption can address both concerns. It 
lowers emissions and helps manage the extra electric-
ity required by transport. When households or firms 
pair an EV with PV installed on-site, the vehicle is 
charged with clean power produced where it is used. 
Charging from on-site generation lowers the carbon 
intensity of every kilometer driven (Khan et al., 2018). 
In practical terms, this new energy demand is met 
with a clean supply. Decentralized renewable energy 
can therefore not only reduce emissions from house-
hold energy use, for example, air conditioning, but 
also decrease the emissions associated with charging, 
which accelerates the decarbonization of transport. 

In terms of demand response capacity, solar-powered 
EV charging can reduce reliance on the traditional 
grid and help avoid overloads at peak times. Local 
generation shortens the delivery path of electricity 
and can lower transmission losses, which improves 
grid performance and strengthens energy security 
(Maghami, 2025). Yet, this magnitude is context 
dependent and rests on sizing, timing, and operation, 
including the alignment of charging with daytime PV 
output. As EV numbers grow, higher PV penetration 
helps to moderate the added stress by matching local 
generation with local load.

The interaction extends beyond technological inte-
gration. Self-consumption can impact the adoption 
dynamics of road transport choices. There is evidence 
that decentralized renewable energy can accelerate EV 
uptake. Early PV adopters are more likely to consider 
EV because both purchases fit within a broader home 
plan that reshapes electricity use and can influence 
perceived home value. In practice, PV and EV can act as 
complements, both in purchase decisions and in day-
to-day operation (Rai et al., 2016).

Yet, one should note that electric mobility will raise 
electricity demand. Self-consumption does not remove 
that fact. It can offset part of the increase with the new 
cleaning generation created by adopters themselves. 
This is why a co-diffusion lens matters. PV can raise EV 
adoption and, at the same time, supply the electricity 
those vehicles require. Importantly, there is a lack of 
empirical analysis that jointly examines EV and self-
consumption adoption within a spatial and temporal 
framework (Wen et al., 2023). These technologies 
have synergies, and consumers play a growing role in 
sustainable technology uptake. However, identification 
of the relationships and spillovers is still limited. A co-
adoption perspective is needed that considers integra-
tion in the electricity network and the way adoption 
diffuses across space.

Policymakers and researchers should further 
explore this co-diffusion pathway. First, understand-
ing which factors drive joint adoption and how local 
conditions shape outcomes, then designing interven-
tions that recognize households and firms as system 
actors in the transition. It is also necessary to estab-
lish the direction of causality and to assess whether 
self-consumption is a causal factor or whether 
simultaneity is present. If PV and EV adoption move 
together mainly because of socio-economic driv-
ers, preferences, or local infrastructure, support for 
pairing has low additionality. Clear identification helps 
design policies that foster co-adoption, manage the 
rise in electricity demand from EVs, and decarbonize 
that extra need for energy at the least cost. In the “Age 
of Electricity”, self-consumption paired with electric 
mobility presents a practical route to decarbonize 
demand partially while meeting it.

Conclusion

Electricity demand is set to rise sharply, raising 
concerns about costs, infrastructure, and the ability 
to decarbonize supply fast enough. Self-consumption 
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offers a practical complement to centralized generation 
by easing stress during peak hours, moderating house-
hold exposure to high tariffs, and channeling local sur-
plus through peer-to-peer exchanges that foster more 
competitive pricing. Self-consumption also supports 
progress in road transport. Electric mobility remains 
central to decarbonization, but its benefits depend on 
the carbon intensity of electricity and its added load on 
networks. Pairing EVs with on-site renewables lowers 
the carbon intensity of charging, reduces local stress at 
peak hours, and can accelerate adoption when house-
holds view PV and EVs as complementary. The next 
step is to examine these interactions in practice and 
to clarify the drivers of co-adoption across households 
and firms. With robust evidence, policy can encourage 
this pathway as a pragmatic contribution to meeting 
rising demand while advancing decarbonization at 
lower cost. Co-adoption is not a panacea, but when 
supported by the right conditions, it can play a mean-
ingful role in shaping a more resilient and sustainable 
electricity system.

References

An, J., Hong, T., & Lee, M. (2022). Determining the optimal trading price 
of electricity for energy consumers and prosumers. In Renewable and 
Sustainable Energy Reviews (Vol. 154). Elsevier Ltd. https://doi​.org​/10​
.1016​/j​.rser​.2021​.111851

Asif, M., & Muneer, T. (2007). Energy supply, its demand and security 
issues for developed and emerging economies. In Renewable and 
Sustainable Energy Reviews (Vol. 11, Issue 7, pp. 1388–1413). https://doi​
.org​/10​.1016​/j​.rser​.2005​.12​.004

Fett, D., Keles, D., Kaschub, T., & Fichtner, W. (2019). Impacts of self-
generation and self-consumption on German household electricity 
prices. Journal of Business Economics, 89(7), 867–891. https://doi​.org​/10​
.1007​/s11573​-019​-00936​-3

Gallego-Castillo, C., Heleno, M., & Victoria, M. (2021). Self-consumption 
for energy communities in Spain: A regional analysis under the new 
legal framework. Energy Policy, 150. https://doi​.org​/10​.1016​/j​.enpol​
.2021​.112144

Gautier, A., Hoet, B., Jacqmin, J., & Van Driessche, S. (2019). Self-
consumption choice of residential PV owners under net-metering. 
Energy Policy, 128, 648–653. https://doi​.org​/10​.1016​/j​.enpol​.2019​.01​
.055

Hasan, G. M., & Yousefi, H. (2023). Peer-to-Peer Energy Trading in 
Multi-carrier Energy Systems. Green Energy and Technology, 183–201. 
https://doi​.org​/10​.1007​/978​-3​-031​-35233​-1​_9

Javid, I., Chauhan, A., Thappa, S., Verma, S. K., Anand, Y., Sawhney, A., 
Tyagi, V. V., & Anand, S. (2021). Futuristic decentralized clean energy 
networks in view of inclusive-economic growth and sustainable soci-
ety. In Journal of Cleaner Production (Vol. 309). Elsevier Ltd. https://doi​
.org​/10​.1016​/j​.jclepro​.2021​.127304

Kabeyi, M. J. B., & Olanrewaju, O. A. (2025). Economic evaluation of 
decentralised energy sources for power generation. Energy Strategy 
Reviews, 60. https://doi​.org​/10​.1016​/j​.esr​.2025​.101774

Khan, S., Ahmad, A., Ahmad, F., Shafaati Shemami, M., Saad Alam, 
M., & Khateeb, S. (2018). A Comprehensive Review on Solar Powered 
Electric Vehicle Charging System. In Smart Science (Vol. 6, Issue 1, pp. 
54–79). Taylor and Francis Ltd. https://doi​.org​/10​.1080​/23080477​.2017​
.1419054

Maghami, M. R. (2025). The role of solar energy in mitigating the 
impact of EV charging modes on distribution networks. Results in Engi-
neering, 27. https://doi​.org​/10​.1016​/j​.rineng​.2025​.106009

Mansouri, S. A., Nematbakhsh, E., Jordehi, A. R., Tostado-Véliz, M., 
Jurado, F., & Leonowicz, Z. (2022, June 18). A Risk-Based Bi-Level Bid-
ding System to Manage Day-Ahead Electricity Market and Scheduling 
of Interconnected Microgrids in the presence of Smart Homes. 2022 
IEEE International Conference on Environment and Electrical Engineering 
and 2022 IEEE Industrial and Commercial Power Systems Europe (EEEIC / 
I&CPS Europe). https://doi​.org​/10​.1109​/EEEIC​/ICPSEurope54979​.2022​
.9854685

Rai, V., Reeves, D. C., & Margolis, R. (2016). Overcoming barriers and 
uncertainties in the adoption of residential solar PV. Renewable Energy, 
89, 498–505. https://doi​.org​/10​.1016​/j​.renene​.2015​.11​.080

van der Stelt, S., AlSkaif, T., & van Sark, W. (2018). Techno-economic 
analysis of household and community energy storage for residen-
tial prosumers with smart appliances. Applied Energy, 209, 266–276. 
https://doi​.org​/10​.1016​/j​.apenergy​.2017​.10​.096

Wen, L., Sheng, M. S., Sharp, B., Meng, T., Du, B., Yi, M., Suomalainen, 
K., & Gkritza, K. (2023). Exploration of the nexus between solar poten-
tial and electric vehicle uptake: A case study of Auckland, New Zea-
land. Energy Policy, 173. https://doi​.org​/10​.1016​/j​.enpol​.2022​.113406

Notes
1 �Source: IEA, https://www​.iea​.org​/spotlights​/the​-world​-is​-moving​-at​

-speed​-into​-the​-age​-of​-electricity. Accessed 28 August 2025.
2 �Source: IPCC, https://www​.ipcc​.ch​/report​/ar6​/wg3​/chapter​/chapter​

-10/. Accessed 29 August 2025.

EF253-full.indb   26EF253-full.indb   26 9/30/2025   8:13:08 PM9/30/2025   8:13:08 PM

https://doi.org/10.1016/j.rser.2021.111851
https://doi.org/10.1016/j.rser.2021.111851
https://doi.org/10.1016/j.rser.2005.12.004
https://doi.org/10.1016/j.rser.2005.12.004
https://doi.org/10.1007/s11573-019-00936-3
https://doi.org/10.1007/s11573-019-00936-3
https://doi.org/10.1016/j.enpol.2021.112144
https://doi.org/10.1016/j.enpol.2021.112144
https://doi.org/10.1016/j.enpol.2019.01.055
https://doi.org/10.1016/j.enpol.2019.01.055
https://doi.org/10.1007/978-3-031-35233-1_9
https://doi.org/10.1016/j.jclepro.2021.127304
https://doi.org/10.1016/j.jclepro.2021.127304
https://doi.org/10.1016/j.esr.2025.101774
https://doi.org/10.1080/23080477.2017.1419054
https://doi.org/10.1080/23080477.2017.1419054
https://doi.org/10.1016/j.rineng.2025.106009
https://doi.org/10.1109/EEEIC/ICPSEurope54979.2022.9854685
https://doi.org/10.1109/EEEIC/ICPSEurope54979.2022.9854685
https://doi.org/10.1016/j.renene.2015.11.080
https://doi.org/10.1016/j.apenergy.2017.10.096
https://doi.org/10.1016/j.enpol.2022.113406
https://www.iea.org/spotlights/the­world­is­moving­at­speed­into-the­age­of­electricity
https://www.iea.org/spotlights/the­world­is­moving­at­speed­into-the­age­of­electricity
https://www.ipcc.ch/report/ar6/wg3/chapter/chapter­10/
https://www.ipcc.ch/report/ar6/wg3/chapter/chapter­10/



