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Abstract:

The consumption of electricity has witnessed a remarkable
surge in the past decade, driven by the growing demand
for power across various sectors, including residential,
commercial, and industrial. This escalating reliance on
electricity has consequently led to an increased strain on
the power generation sector, necessitating a significant
expansion and modernization of existing infrastructure.
Currently, a substantial portion of the world’s electricity is
generated by fossil fuel-intensive power plants, which rely
heavily on coal, oil, and natural gas. These conventional
power generation methods not only deplete the earth’s finite
resources but also contribute significantly to air pollution
and greenhouse gas emissions, exacerbating the challenges
of climate change. There is a growing global consensus on
the urgent need for clean and sustainable energy solutions.
One such solution is the process of decarbonization, which
involves the systematic reduction of carbon emissions
across the economy, particularly within the energy sector.
The integration of smart grid technologies and energy
storage solutions, such as batteries, is crucial for managing
the intermittent nature of renewable energy sources and
ensuring a stable and reliable electricity supply. In this
paper, the status of electricity use in residential building
is analyzed and some recommendation for mitigation to
climate change is provided.
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1. Introduction

emission of greenhouse gases: carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,O) and fluorinated

Nowadays, global warming has become an increas-  gases from fossil fuel (coal, natural gas and oil) in

ingly important issue, which is also known as green- e anthropogenic activities such as generating elec-
house effect. This phenomenon is mainly caused by tricity for powering and heating the buildings. The
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continuous increase in household demand for electricity
may put a burden on power electric sector and the global
environmental. This makes the use of renewable energy
(RE) in electric sector and thus reduction on emission of
CO, to nearly zero a very hot topic. More and more recent
studies have focused on the way to solve this problem,
such as decarbonization which is a feasible but challeng-
ing method, and modification on the building, the main
electricity user, itself.

Decarbonization, as its name suggests, needs a shift of
electric sector from a fossil fuel intensive one to a decar-
bonized one. Any sustainable development should take
into consideration of three categories such as society, ecol-
ogy and economy, and decarbonization is no exception.
However, to decarbonize needs to reduce the investment
on new coal-fired and oil-fired, which contradicts the eco-
nomic goal in most countries where they prioritize the ex-
ploitation of natural resources rather than investing in the
use of low-carbon resources which is long-term and may
lead some regulatory risks due to uncertainties caused by
inconsistent and not elaborated local climate policies [1].
Also, the security of electricity cannot be ensured since
the use of RE resources is intermittent, making it difficult
to meet the increasing demand on energy compared to
fossil fuel-based plants, which are more flexible and can
easily adapt to demand [1].

To reach net zero carbon emission, or reduce the use of
carbon-containing resources (i.e. fossil fuel), both source
and sink need to change, that is, power plant and where
the electricity goes to, such as residential and official
buildings, need modification. To electrify the residential
building poses some challenges. One is the difficulty to
gradually phase out the synthetic refrigerants used in the
vapour-compression heating, ventilation and air-condi-
tioning (HVAC) system, which is the main electricity con-
sumer in residential buildings [2]. Others are the relatively
low share of RE resources or carbon-neutral resources that
are used in electricity generation in the electrification pro-
cess and increased electricity consumption and demand
caused by electrification, combined with more frequent
extreme weathers, resulting in more brownouts due to de-
mand and supply disparities [2].

There are also many researches digging into other aspects
of mitigation of global warming due to use of electricity,
generally for the purpose of making more use of RE re-
sources to generate electricity and for sustainable purpose.
Photovoltaic panel, or PV panel, is a well-known way to
utilize solar energy to generate electricity. Although PV
panel has proved to be an effective way of converting so-
lar energy to electric energy, improvement in efficiency of
such method is also suggested in many papers. Operating
temperature is one of the key factors in the conversion

efficiency of PV panel, since under high temperature, the
output power cannot reach its maximum. So, there is a
need to find a way to decrease the operating temperature
of photovoltaic panel, such as using the air-cooled heat
sink [3], or realizing a ventilated channel behind it to cre-
ate a photovoltaic/thermal system to produce electricity
and heat [3,4].

Other solutions like green roof will also be discussed as an
effective way for sustainable development. In this article,
the solutions to mitigating the global warming caused by
use of electricity, both in the power sector and residential
and official buildings are discussed. And the challenges
facing the scientists recently and the feasibility of each
solution in the future are analyzed and some recommen-
dations are given.

2. Decarbonization in power sectors

Some present ways to decarbonization, such as using re-
newable energy, have both advantages and disadvantages.
One of the most obvious drawbacks of RE resources is
that the RE resources are intermittent and are difficult to
meet long-term energy demand. To improve the efficiency
of using RE resources, it is necessary to integrate the use
of renewable and non-renewable energy sources instead of
a single power source, which necessitate the use of hybrid
energy systems (HESSs) [6].

2.1 Use of hybrid energy systems (HESS)

HESs are composed of a wind turbine, a PV panel, an al-
kaline fuel cell (AFC), a Stirling engine and an electrolyz-
er. Fig. 1 shows a small hybrid of solar and wind energy
system, which is used as a reference to visualize the pro-
cess [7].

Fig. 1 Example of HESs [7]



In a more complex model, after the conversion of energy
from solar and wind form to electricity, the generated
electricity is used in the water electrolyzer where water is
decomposed into oxygen and hydrogen gases. Then, the
chemical energy stored in the hydrogen-hydrogen bond is
converted to electricity and heat in AFC by chemical reac-
tions [6].

The products of such a hybrid energy system are various,
including electricity, heat, cooling and hydrogen fuel.
Electricity is used in almost everywhere in human’s daily
life, while heat and cold are often used to meet heating
and cooling demand in residential buildings [6].

2.2 Use of hydrogen fuel and hydrogen fuel cell

Hydrogen is regarded as the main solution to the climate
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change and the main alternative to fossil fuel due to its
clean characteristics. It can effectively reduce the envi-
ronmental impact caused by carbon emission [8]. Fig. 2
shows that H, has been widely used as a clean renewable
energy in transportation and power sector, since it is very
eco-friendly with no CO, emission and hydrogen as a fuel
can improve the engine efficiency. However, there are also
some concerns about the safety of hydrogen fuel in the
storage and transportation process, which is now the focus
of many research paper. Some methods, like bio-hydro-
gen treatment using cryogenic and absorptive method is
discussed by some papers [9-11], as well as some physical
and chemical methods.

Eco-friendly

No CO, emission

Engine efficiency

Fig. 2 Advantages of using hydrogen as fuel [11]

Hydrogen is not pure in its natural form, which means it
needs to be produced using artificial method using hydro-
gen-containing compound [12]. There are recently many
choices for the production of hydrogen, which are based
on different sources utilized. The main source of raw
materials of hydrogen production comes from conven-
tional fossil fuel, which takes up approximately 96% of
total hydrogen production due to its low cost. With fossil
fuel, such as natural gas, oil and coal, the most prevalent
pathway to hydrogen production attributes to steam meth-
ane reforming (SMR), which heat methane (CH,) and
steam (H,0O) under high temperature and pressure using
a catalyst (usually nickel with additional noble and tran-
sition metals to increase catalytic reactivity) to produce
hydrogen, carbon monoxide and carbon dioxide. Carbon
monoxide will then undergo a reaction with steam, known
as water-gas shift reaction, to produce more hydrogen
and carbon dioxide. Other methods, such as partial oxi-
dation, gasification, are also based on conventional fossil
fuel to produce a mixture of hydrogen, carbon monoxide
and carbon dioxide. Partial oxidation is an exothermic
reaction, releasing heat, while SMR is an endothermic re-

action, requiring a large amount of heat. As a result, these
two methods can be combined in an autothermal reaction
(ACT), where no external heat supply is needed and larger
amount of hydrogen can be produced. Since they are all
carbon-based ways to produce hydrogen, carbon emission
is inevitable. Therefore, there are also some ways, such as
biomass gasification and electrolysis, using biomass and
electricity directly to produce hydrogen, which is clean
due to its carbon-neutral characteristic [12].

Fuel cell is commonly used to generate electricity, con-
verting chemical energy to electrical energy directly.
Hydrogen fuel is the main source of fuel used in the fuel
cell. A fuel cell device is generally composed of an an-
ode, a cathode and a electrolyte membrane. Fuel cells are
classified by their electrolyte membrane type. Electrolyte
is either solid or liquid that allows the transport of ions
from one electrode to another. There are mainly two fuel
cells that can be used in the power generation, proton
exchange membrane fuel cell (PEMFC) and solid oxide
fuel cell (SOFC). Fuel cell has several advantages, such
as lower carbon emission, higher fuel flexibility and silent
operation. Additionally, since the fuel cell is externally
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supplied with reactants and the constitute materials are not
consumed, it can operate for an indefinite period as long
as there are sufficient fuel and oxidants. Nevertheless, the
high price and lack of hydrogen infrastructure has made
it difficult for commercialization of fuel cell. There exist
several solutions to that problem, such as establishing
cost-efficient hydrogen supply and ensuring effective use
of alternatives in the electrode. Generally, fuel cell is a
very promising way to achieve zero carbon emission in
the future to mitigate global warming.

3. Decarbonization in the residential
buildings

It is also essential to decarbonize the residential buildings,
such as use of low carbon-intensive energy fuel and more
energy-efficient appliances, since residential buildings ac-
count for 27% total energy consumption around the world
and 17% global carbon emission [13]. The following arti-
cle will discuss the usage of PV panel and green roof.

3.1 Use of PV panel

Photovoltaic panel, or PV panel is widely used to mitigate
global warming as green renewable energy due to its car-
bon-free nature [14]. PV panels consist of a set of solar
cells which convert solar radiation directly to streams of
electrons [16]. However, there are many environmental
factors that affect the operating efficiency of PV panel,
such as geographical location and environmental stresses.
Environmental stresses include ultraviolet radiation, rain
and snow. Additionally, hotspots will also reduce the PV
panel performance efficiency, such as bird drops, shading
and dust [14]. As a result, solutions are to be found to im-
prove the performance efficiency of the PV panel. Some
ways to achieve performance efficiency that are relatively
easy include choosing a high-efficiency panel, ensuring a
right tilt angle and proper operation conditions and clean
the panel surface regularly [15].

Operating temperature will also affect the conversion ef-
ficiency of PV panel. As a result, it is essential to cool the
PV panel in order to ensure operating efficiency. There is
a suggestion that it is feasible to cool the PV panel using
dual surface cooling [16]. Others such as passive cooling,
cooling with phase change materials (PCMs) and cooling
with PCMs with additive materials including nanoparti-
cles or porous materials, are also suggested [17].

3.2 Use of green roof

Green roof has become increasingly popular among some
countries around the world due to the benefits it brings to
the ecological system and air quality and the reduction it

brings to the general energy cost, which encourages many
governments in different countries to provide funds for
construction company for the construction of green roof
[18].

Green roof is a type of roof covering with a layer of veg-
etation, substrate layer, filter layer and drainage layer.
Green roof system must be applied over waterproof layer
with a root barrier and insulation materials. Also, it must
be applied over a slope with minimum tilt angle of 2° to
allow any rainwater to flow along the slope and to drain it
[21].

Green roof can mitigation carbon dioxide emission (i.e de-
carbonization) in both direct and indirect ways, green roof
can absorb CO, in the surroundings by its green coverings
and stored in biomass and substrate directly, while reduce
the total energy consumption in domestic settings through
thermal regulation, which is an indirect way [19]. Among
that, a recent paper has developed a particular framework,
called GR carbon assessment framework (GRCAF), which
introduces four pathways including embodied carbon,
carbon sequestration, bioenergy supply and operational
carbon [20].

4. Conclusion

This paper discussed the current solutions to mitigation
of climate change caused by use of electricity in domestic
buildings, ranging from decarbonization in power sector
to decarbonization in domestic settings. In the existing
literature, there are many papers dipping into the ap-
plication of using hybrid energy systems to reduce the
impact of limitation of renewable energy on the general
decarbonization goal, the improvement in the efficiency
of manufacture, storage, transport of hydrogen fuel, the
enhancement of the performance of PV panel by search-
ing to lower the operating temperature and minimizing
the effect of environmental stresses and the feasibility of
green roof system, which is a new carbon-neutral renew-
able way to achieve sustainability of the urban areas, by
choosing the most suitable material as vegetation layer
through experiments. In the future, studies will focus on
the improvement and advancement of currently existing
technology and innovation of new technology to alleviate
the global crisis, climate change.
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