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Abstract

Introduction: In Algeria, the housing sector accounts for a significant portion of the country’s energy consumption,
making creative solutions essential for improving energy efficiency. Atrtificial intelligence (Al) offers effective tools to
optimize energy use and reduce the ecological footprint. Purpose of the study: This study examines the methodological
aspects of integrating Al into the energy efficiency management system of Algeria’s housing stock. Methods: The Six
W’s approach was employed to analyze Al integration in this context through two steps. First, the theoretical framework
was established. Second, a case study was conducted to better understand the context and explore potential solutions
from multiple perspectives. Results: The findings of Al integration in urban areas fall into two main categories. The first
concerns the stakeholders involved, the methods of Al integration, and the spatio-temporal context. The second addresses
the motivation and rationale for selecting specific Al integration strategies, as well as the aspects of Al technologies to be

adopted.
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Introduction

Energy is one of the most important drivers of
human progress and economic growth (Tirkoglu
and Kardogan, 2018). As humanity’s contribution
to climate change and sustainability challenges
increases, improving energy efficiency has become
urgent, particularly in highly energy-intensive sectors
such as housing, which accounts for a major share
of overall consumption. Energy efficiency practices
and technologies make it possible to maximize
the use of energy with minimal waste. This not
only reduces dependence on conventional energy
sources but also promotes more efficient resource
use and helps mitigate greenhouse gas emissions
to protect the environment.

Harnessing energy efficiency through artificial
intelligence (Al) is increasingly becoming a policy
priority in developed countries. Al has the capacity
to accelerate progress by enabling faster knowledge
generation and advancing technologies for energy
conservation and cleaner production. According to
Ahmad et al. (2022), Al can enhance the renewable
energy sector in several ways, including through the
creation of centralized and intelligent control centers,

integration of micro-grids, improvements in system
reliability and security, market expansion, and
incorporation of Al-enabled storage into smart grids.
The intersection of Al and smart city development
is particularly promising, forming a strong alliance.
Evidence shows that Al applications provide a solid
foundation for advancing smart urban environments.
Within smart cities, one of the key Al roles is to
improve energy efficiency (Zamponi and Barbierato,
2022).

In Algeria, the introduction of the Smart City
concept marks an important step toward sustainable
urban development, yet its practical implementation
remains complex and requires significant time and
commitment. The Smart City initiative, which is an
integral part of Algiers’ development vision up to
2035, seeks to address the city’s major challenges
and transform it into a modern, attractive urban
center. Although still in its early stages, this initiative
provides a valuable case study in the ongoing
evolution of Smart City practices (Ait—Yahia et al.,
2019). Currently, there is a growing consensus on Al
integration in the housing sector to improve energy
efficiency — a critical issue given that residential
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buildings account for nearly 40 % of total energy
consumption. Moreover, greenhouse gas emissions
from this sector contribute approximately 10 % to
the national climate change burden.

Recognizing the importance of optimizing energy
consumption, researchers in the fields of energy and
housing are increasingly exploring how Al can be
applied to monitor and enhance energy efficiency in
residential buildings. This perspective motivated us
to investigate the issue within the Algerian context,
using the Six W’s framework — Who, What, Where,
When, Why, and How. Such an approach requires
not only a comprehensive review of the existing
literature but also an analysis based on analogical
reasoning specific to the study context.

Methods

The housing sector in Algeria is characterized
by high energy consumption (Denker et al., 2014)
and associated carbon emissions, leading to
environmental degradation and financial pressure
on households. Addressing these challenges
makes the integration of Al solutions into the sector
essential for fostering sustainable development.
This paper examines the methodological aspects
of incorporating Al into the energy efficiency
management system of Algeria’s housing stock.
It begins with an analysis of energy consumption
patterns across the main sectors — industry,
transport, and housing — drawing on official reports
and documents, with a particular focus on housing.
Subsequently, the Six W’s approach is applied to
provide a structured framework for analyzing the
nuances of Al integration (Fig. 1). The framework
operates on two levels: the first considers the
contextual application of Al for energy efficiency
in housing, while the second identifies tailored Al
integration solutions for the sector. The rationale for
using this approach lies in the limited availability of
studies applying such frameworks in comparable
contexts. Its implementation therefore represents
a significant step forward, offering a theoretical
basis for practical approaches that account for
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Case Study Presentation

Algeria, the largest country in Africa and the Arab
world, has a population of 44.6 million. Combined
with its heavy reliance on fossil fuels, this has raised
serious concerns about the sustainability of its
energy production and consumption patterns. Such
dependence not only accelerates environmental
degradation but also creates economic
vulnerabilities. To address these challenges, a re-
evaluation of earlier energy initiatives was required,
leading to the assessment of prospective urban
development projects that prioritize energy efficiency
and the transition toward clean, sustainable energy
systems. Fig. 2 illustrates one such initiative: the
development of technology districts in Algeria’s new
cities. These districts are strategically designed
to serve as hubs of innovation, integrating digital
infrastructure and advanced technologies to support
national sustainable development goals.

The housing sector plays a particularly
crucial role in this energy landscape, contributing
significantly to both overall energy consumption and
CO, emissions (Benharkat and Telilani, 2020). In the
context of the new city initiative, and specifically
within the housing sector, Algeria has introduced
measures to develop digital infrastructure and adopt
innovative technologies, including Al, to support
its goal of increasing renewable energy capacity
by 2030. These efforts aim to improve energy
efficiency in residential buildings, optimize resource
management, and enhance residents’ quality of life.

Results and Discussion

Energy Consumption Patterns in Algeria

Energy efficiency directly impacts Algeria’s
economic and environmental development. According
to the 2023 National Energy Report by Algeria’s
Ministry of Energy, Mines, and Renewable Energies,
the country’s total energy consumption (including
losses) reached 72.2 Mtoe in 2023, representing a
3.2 % increase compared to the previous year. This
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Fig. 1. Overview of the Research Framework and Steps
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Fig. 2. Technology Districts in Algeria’s New Cities (Source: National Territorial Development Plan 2030 and author’s interpretation)

growth was primarily driven by final consumption
(2.1 %), followed by energy industries (7.1 %),
losses (11.5 %), and non-energy industries (2.5 %).
As shown in Fig. 3a, natural gas dominates the
national energy consumption mix at 39 %, followed
by electricity (31 %) and liquid products (22 %).
However, renewable energy’s share in total final
energy consumption remains minimal, as illustrated
in Fig. 3b. In 1990, renewable energy accounted for
only 0.2 % of consumption, gradually increasing to
0.4 % in 1995. The upward trend continued until it
stabilized at 0.4-0.5 % between 2000 and 2005,
peaking at 0.6 % in 2005. Thereafter, it gradually
declined to 0.3 % by 2010 and fell further to around
0.1 % in 2015, stabilizing at 0.1-0.2 % with minor
fluctuations until 2020. These findings indicate that
renewable energy has not yet established a significant
presence in actual consumption. A large portion of
renewable energy produced does not reach end-
users efficiently, due to losses during conversion and
transmission or limitations in existing infrastructure.
Consequently, Algeria continues to rely heavily on
fossil fuels as its primary energy source.

Meanwhile, the structure of final energy
consumption by sector is dominated by households
and others (46 %), followed by transport (30 %)
and industry (25 %) (Fig. 3c). As shown in Fig. 3d,
energy intensity between 2000 and 2017 displays
notable sectoral differences. In early 2005, intensity
fell by 18 % in both agriculture and transport and by
16 % in industry, while the services sector remained
stable. In contrast, the residential sector experienced
a sharp increase of 80 % over this period, averaging

approximately 3.6 % per year, particularly since
2010. This rise is mainly due to increased demand
for heating and air conditioning and the growing use
of electrical appliances.

According to Algeria’s first updated annual report
to the United Nations Framework Convention on
Climate Change in 2023, published by the Ministry
of the Environment and Renewable Energy, the
residential sector is the largest energy consumer,
along with the transport sector. As presented
in Table 1, the residential sector comprises
approximately 11.5 million housing units. Of these,
individual houses account for around 65 %, while
collective housing makes up the remaining 35 %.
Energy consumption across the three primary energy
sources is distributed as follows: 69 % from natural
gas, 19 % from electricity, and 13 % from liquefied
petroleum gas (LPG). Areview of energy consumption
data over the period 2007-2017 indicates an
approximate increase of 1.38 % per year, equivalent
to 15,003 million tons of oil equivalent (Mtoe). If this
trend continues, consumption is projected to reach
around 25,000 Mtoe by 2030.

The results also indicate that energy efficiency
varies according to dwelling typology, urban form,
and degree of insulation. Two main patterns are
observed: 83 % for moderately insulated houses
and 66 % for well-insulated houses. This variation
across Algerian cities, combined with differences
in urban form, highlights the need to reconsider
approaches to energy efficiency management and
carbon footprint assessment, emphasizing the
importance of more in-depth studies.
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Fig. 3. Patterns and Trends in Energy Consumption across Sectors in Algeria: (a) structure of national energy consumption
by energy form, (b) renewable energy consumption (% of total final energy consumption), (c) structure of final energy
consumption by sector of activity, (d) evolution of final energy intensity by sector. Source: Redrawn according to the following
data: (a, c) National Energy Report (Ministére de 'Energie et des Mines et des Energies Renouvelables, 2023); (b) World Bank
(2023); (d) MeetMed (2020)

Table 1. Patterns of Energy Consumption and Efficiency in the Housing Sector (Source: Algeria’s
first updated annual report to the United Nations Framework Convention on Climate Change
(Ministére de ’Environnement et des Energies Renouvelables, 2023)

Aspect

Details

Total: 11.5 million units
- Individual houses: 65 %

Housing stock

- Collective houses (apartments): 35 %

Primary energy sources

Natural gas (69 %), electricity (19 %), LPG (13 %)

Energy consumption growth |- 2007: 10,837 Mtoe

- 2030 (projected): 25,000 Mtoe

-2017: 15,003 Mtoe (avg. growth: 3.3 %l/year)

GHG emissions

-2017: 41,487 tons CO, equivalent
- 2030 (projected): 69,079 tons CO, equivalent

Energy consumption per

- Average: 1.29 Mtoel/year (~15,000 kWh/year)

house Average permitted consumption

- Moderately insulated house: 12,500 kWh/year
- Well-insulated house: 10,000 kWh/year

Energy efficiency

- Compared to moderately insulated house: 83 %
- Compared to well-insulated house: 66 %

Understanding the Context

Who?

In the development and implementation of
Al systems, the involvement of stakeholders at
all stages of the design and lifecycle process is
crucial. A participatory approach should engage
not only those directly affected by the project but
also developers, operators, and even passive
stakeholders, who must be actively involved in the
process (Kunkel et al., 2023).

18

With regard to habitat energy issues, key actors
such as developers and building owners play a
decisive role in applying Al to housing projects.
Technology companies using Al for environmental
sustainability must therefore collaborate closely
with these stakeholders to ensure successful
project implementation (Kunkel et al., 2023; Yadav
and Singh, 2023). The integration of Al into habitat
energy management offers clear benefits, including
enhanced efficiency and sustainability. However,
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stakeholders in the energy services industry
also bear responsibility for addressing ethical
considerations such as data privacy, equitable
access to energy, and the environmental impacts of
Al-driven solutions.

Academic and research institutions act as key
catalysts for applying Al in habitat energy, as they
enable the development of environmentally friendly
systems that improve energy value chains. The
success of such energy management projects
depends on several conditions: availability of
resources, accountability, technological maturity,
expertise, and the capacity for seamless integration
(Holecska and Dineva, 2023). Another important
factor is financial literacy, which helps stakeholders
make informed decisions about the implementation
of Al in energy systems (Stecyk and Miciuta, 2023).

The incorporation of Al for energy efficiency
depends on several factors: the influence of
stakeholders in decision-making, the level of
financial commitment, responsibility for ensuring
ethical use, the technological maturity needed
for seamless integration, and the knowledge and
capacity required to effectively manage and optimize
Al systems.

In the Algerian context, some studies support
Al integration to improve energy efficiency in the
residential sector and explain the role of stakeholders,
particularly the government. The government’s
involvement has been crucial in establishing energy
efficiency standards, as illustrated by initiatives such
as the Eco-Bat program (Sayed et al., 2022).

Table 2 presents our proposal in the form of
a stakeholder matrix, showing the different levels
of influence, financial commitment, responsibility,
technological maturity, and knowledge among
the actors involved in integrating Al into Algeria’s
residential sector. The government and regulatory
agencies have strong influence since they set the
rules and guidelines that govern how Al is applied in

housing. However, variations in financial support and
technological expertise may hinder the successful
execution of policies. Technology companies, by
contrast, are better positioned to drive the adoption
of advanced Al solutions. They combine significant
financial resources and technological maturity, even if
theirdirectinfluenceis morelimited. Non-governmental
organizations and energy service providers, although
contributing less in terms of finance, influence, and
technology, still play an essential role in raising public
awareness and advocating for inclusive energy
policies. Overall, effective collaboration among all
stakeholders — leveraging their diverse capacities —
will be critical for the successful integration of
Al in Algeria’s housing sector.

What?

The application of Al in the energy sector, also
referred to as smart energy, aims to reduce its
environmental impact by enhancing the efficiency of
energy management, production, and consumption
(Gil-Gonzalez, 2022). This is achieved through
advanced Al-based management technologies. For
example, research in South Africa has demonstrated
the potential of Al methods, such as support vector
regression (SVR) and artificial neural networks
(ANN), to improve electricity access and thereby
enhance living standards (Mashapu et al., 2022).

At the same time, in the realm of smart homes,
Al plays a crucial role in improving energy efficiency
through advanced technologies, including smart
meters, which facilitate monitoring of utility usage
and regulation of indoor temperature (Rehman et al.,
2020). Many countries are increasingly focusing on
the housing sector as a major contributor to energy
consumption, including Algeria, where research on
Al technologies is still in early stages in terms of
both study and practical application. For instance,
the Intelligent Reasoning Rules for Home Energy
Management (IRRHEM) system employs natural
resources to inform residents about instances

Table 2. Proposed Stakeholder Matrix for Enhancing Energy Efficiency in Algerian Residences

through Al Integration

Level
Stakeholder Influence c Financial Responsibility Technolo_gical Knowled_ge &

ngagement Maturity Capacity
Government & High Variable High Medium Variable
Regulators
Technology Companies Medium High Variable High High
Building Owners & Medium High High Medium Variable
Developers
Utilities Medium High Medium Medium Medium
Research Institutions Low Medium Low Medium High
Energy Service Low Medium Medium Medium Medium
Companies
Non-Governmental Low Low Low Low Variable
Organizations
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of energy waste and coordinate related activities to
achieve efficient electricity consumption (Saba et
al.,, 2022). Additionally, the successful application
of energy management techniques for off-grid solar
households using artificial neural network algorithms
has been demonstrated, enabling energy savings
without compromising comfort (Chekired etal., 2019).
These Al technologies show significant potential for
optimizing energy efficiency in residential settings.
Consequently, to identify the most effective solutions,
it is necessary to adopt a systematic approach due
to the diverse and complex nature of Al applications.

We therefore propose a straightforward four-
part model (Fig. 4) to assess the critical elements
influencing the success of energy-saving initiatives.
The aim of this model is to facilitate well-informed
decision-making by providing a structured
methodology for evaluating Al initiatives, thereby
ensuring a balance between effectiveness and
practicality.

Firstly, managing technological development
allows stakeholders and leaders to ensure that new
technologies are effectively used and sustainable
throughout the processes of energy generation,
distribution, and consumption. In computer science,

Managing technological
development

Basic Al Applications

Simple Al algorithms used for tasks such as
data analysis, pattern recognition or
predictive modelling

Intermediate Al Applications

More advanced Al techniques such as
machine learning, optimization algorithms
or natural language processing applied to

tasks Al
o Advanced Al Applications 0 Hish {omplesity
applications

Cutting-edge Al technologies such as deep

learning, reinforcement learning or multi-

agent systems applied to complex

challenges

Data usage
Local Data

Applications based primarily on data generated
within individual households or buildings

Regional Data

task management can be approached at three
levels of algorithmic complexity: simple, medium,
and complex. Secondly, data utilization refers to the
collection, analysis, and application of data to guide
strategic decisions and improve energy-related
processes. This dimension can be considered
at three scales: applications relying primarily on
data from individual households or buildings,
solutions using data from a broader urban area
such as a city, and initiatives leveraging nationwide
datasets. The third dimension concerns the degree
of complexity associated with implementing the
intervention. It evaluates the specific actions
required for deployment and considers the
necessary resources — financial, human, and
time — across different organizational contexts.
Three levels of intervention can be defined: low-
complexity solutions that are easy to implement
and require minimal infrastructure modifications;
medium-complexity solutions requiring moderate
infrastructure enhancements; and high-complexity
solutions demanding substantial infrastructure
changes or significant organizational adjustments.
The fourth dimension relates to the impact and scope
of the intervention, which can manifest across three

Complexity of
implementation

Low Complexity
Applications that are easy to deploy and require
minimal infrastructure changes
Medium Complexity
Solutions involving moderate infrastructure
upgrades

Advanced solutions that require significant changes
in infrastructure or regulatory frameworks

! Impact size

Individual Scale
Applications targeting individual households or
buildings

Community Scale
Solutions that address energy efficiency at the
neighborhood or community level

National Scale

Initiatives that address energy efficiency at the
national level

Solutions that use data from a wider

geographical area
National Data

Initiatives that use nationwide data sets

Fig. 4. Proposed Four-Dimensional Model for Integrating Al Applications to Optimize Energy Efficiency in the Algerian Housing Sector
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sequential and overlapping scales: individual, city,
and national levels, or as part of a general strategy
for Al integration in energy management.

When?

The importance of understanding and evaluating
progress in integrating Al into residential energy-
saving strategies necessitates analyzing current
advances and identifying future challenges and
opportunities, as research in Algeria highlights
that integration initiatives are still in their infancy,
primarily in the realm of theoretical research.
Initially, researchers focused on using Al to regulate
electricity consumption in smart homes (Saba et
al., 2022). It is projected that by 2030, Algeria could
reduce its energy consumption by 15 %, primarily
through improvements in window quality and
enhanced thermal insulation (Sotehi et al., 2022).
To facilitate this objective, policies such as the Eco—
Bat program and revised thermal regulations have
been implemented to improve energy efficiency
within the construction sector, a significant energy
consumer (Meftah and Mahri, 2022). Subsequently,
Al algorithms have been deployed in on-grid
photovoltaic homes to manage energy consumption
effectively, demonstrating the ability to reduce energy
usage while maintaining comfort levels (Chekired
et al.,, 2019). Moreover, Al techniques, including
artificial neural networks and case-based reasoning
systems, have been employed to optimize building

19505-1970s: Early Exploration

2000s: Emergence of Smart Home

energy efficiency, enabling the design of single-
family homes with minimal energy consumption
(Weglarz, 2018). Furthermore, the integration
of Al into the architectural design of low-energy
residential buildings in Algerian Saharan conditions
has led to significant energy savings, highlighting
the importance of both passive and active design
strategies (Haddam et al., 2019).

A thorough summary of the evolving use of Al
in the housing sector is presented in Fig. 5, with a
focus on improving energy efficiency. In the Algerian
context, this integration can be divided into four major
phases, each reflecting notable advancements and
trends:

Prior to 2010: Initial conceptualization and
exploration of theoretical frameworks and guiding
principles, which laid the foundation for subsequent
developments.

2010-2020: Implementation of proof-of-concept
trials, allowing preliminary testing of Al-driven
solutions. Simultaneously, a series of research
initiatives was undertaken to evaluate the practical
efficacy of Al

2020—Present: Stakeholders have collectively
worked to integrate Al solutions into established
procedures, adopting advanced Al technologies,
including machine learning and neural networks,
for predictive maintenance, demand response, and
energy optimization.

2020s: Mainstream Adoption and

and Conceptualization Technelogies Innavation
Al integration and T I
energy efficiency in |
the habitat sector 19805-1990s: Foundational 2010s: Maturation and Expansion
Development
I 2020-Present: Strategic
Priar to 2010; Exploration and Partnerships and Technology
* Conceptualization Adoption

Alg_eﬁancm :

2010-2020: Pilot Projects and
Proof of Concept

|
Future Directions: Expansion and
Policy Support

Fig. 5. Chronological Integration of Al for Energy-Efficient Housing: (a) Historical Evolution
over Time, (b) Context in Algeria (suggested by the author).
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Future Directions: With increasing recognition
of Al's potential to support sustainability and climate
objectives, there is a growing focus on the transition
toward broader acceptance and institutional
support for Al-driven energy-efficient housing. It is
expected that policymakers and industry leaders will
increasingly prioritize comprehensive regulations
and guidelines to facilitate the widespread adoption
of Al in the residential sector.

Despite these advances, significant challenges
remain in the effective deployment of Al for energy
management. Implementing new technologies often
requires substantial financial resources, particularly
when modernizing existing systems. Addressing
these challenges will require further research to
resolve technological and regulatory issues, with
a clear emphasis on prioritizing Al integration in
projects highlighted in government agendas.

Where?

The integration of Al technology is becoming
increasingly prevalent in urban planning, particularly
as a response to the challenges posed by rapid
urbanization. This integration is critical for addressing
various urban issues, including the need for energy-
efficient housing solutions across diverse contexts.
Al provides applications for optimizing energy
consumption (Sanchez, 2023), identifying resilient
and inclusive urban land-use strategies (Koutra and
loakimidis, 2023), and facilitating efficient urban
redevelopment initiatives (Ye et al., 2023).

In Algeria, the use of Al in housing projects
involves analyzing specific factors to determine
energy demand and consumption patterns. This
includes spatial and temporal analyses to identify
neighborhoods with high energy use due to
factors such as aging infrastructure or operational
inefficiencies. Large residential complexes and
urban redevelopment projects, particularly in
areas undergoing renovation or replacement
of old buildings, should be prioritized to ensure
compliance with energy efficiency standards and
address neighborhoods with diverse income levels.
Furthermore, aligning Al interventions with smart city
initiatives ensures that Al-driven solutions not only
optimize energy consumption in housing but also

tion and smarter enengy

Data-Driven Decision-Making

Innovative Building Processes

Curbing Carbon Emissions

contribute to broader goals of sustainable urban
development.

Exploring Solutions

Why?

The objective of selecting specific solutions for
integrating Al into energy-efficient systems is to
enhance reliability and generate technological and
economic benefits (Danish, 2023). These solutions
can contribute to reducing carbon emissions and
combating climate change (Navarra, 2023), aiming
for integrated building management and effective
digital connections with users and smart grids
(Mocerino, 2020). In the Algerian context, the use of
Al in implementing energy-saving measures in the
housing sector is expected to generate significant
benefits. As illustrated in Fig. 6, five key benefits
can be identified with their reliability and applicability
explained:

1) innovation in construction — Al integration may
inspire creativity by introducing new technologies
for designing more efficient, sustainable, and
durable buildings; 2) curbing carbon emissions —
Al optimizes energy use and encourages adoption
of clean energy sources; 3) enhanced efficiency —
continuous monitoring and optimization improve
building performance; 4) socio-economic
advantages — Al creates new job opportunities,
reduces household energy costs, and improves
living standards; 5) data-driven decision-making —
Al enables stakeholders to identify patterns, forecast
energy needs, and implement targeted interventions
for maximum impact.

How?

The integration of Al is central to achieving actual
energy savings in the residential sector. Agent-based
modeling and simulation, when applied to homes
operating with hybrid renewable energy systems,
can reduce energy usage without compromising
occupant comfort. Furthermore, Al can enhance
building energy management systems by enabling
intelligent heating, ventilation, and air conditioning
(HVAC) optimization, as well as predictive energy
efficiency measures (Mocerino, 2020). As noted by
Szczepaniuk and Szczepaniuk (2023), integrating
Al along the energy value chain has the potential

Enhanced Efficiency

Benefits of Al

integration

Socio-Economic Advantages

Fig. 6. Key Benefits of Al Integration in the Algerian Residential Sector
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to promote sustainable energy practices, improve
energy utilization, and reduce overall environmental
impact. This can be achieved through techniques
such as machine learning, metaheuristic algorithms,
and intelligent fuzzy inference systems.

Several studies have identified key factors
that facilitate Al integration in residential energy
management. These factors can be broadly
classified into two categories: those that enable
automatic energy management and those that allow
the anticipation of system failures, thereby reducing
costs. The first category includes smart control
systems, while the second encompasses predictive
maintenance, machine learning, and data analytics,
which collectively support more effective decision-
making based on large datasets. Sensor networks
and the Internet of Things (loT) further enhance
performance by providing real-time data collection.

To identify potential avenues for change in the
Algerian context, we propose a model illustrating the
integration of Al in the residential energy sector, as

Smart Grid
Integration

Intelligent Control
Systems
Al-Driven Machine Learning
Energy and Data Analytics
Efficiency

Predictive

Maintenance

shown in Fig. 7. This model highlights five key factors,
along with their associated methods, challenges,
and opportunities. Areas of focus include smart grid
integration, intelligent control systems, machine
learning and data analytics, sensor networks and
loT, and predictive maintenance.

Infrastructure Constraints and Potential
Adaptive Solutions

The integration of Al into residential energy
management in Algeria demonstrates significant
potential to enhance both efficiency and
sustainability. However, based on the Six W’s
framework, several infrastructure challenges must
be addressed before this technology can be widely
deployed. These challenges can be categorized into
technical, economic and environmental, social and
legal constraints (see Table 3 for details).

Considering the Six W’s framework, allocating
resources to Al monetization through four adaptation
mechanisms can enable smoother and more efficient
integration of Al into Algeria’s energy sector:

Power grid for optimization of energy
Method —— distribution and real-time balancing of supply
and demand.

The integration of Al systems with existing grid
infrastructure is a complex process.

Challeng MNetwork security and reliability are important
considerations.
The integration of renewable energy sources
Opportunities —— and the enhancement of grid stability and
efficiency.
Method Control systems manage different aspects of
energy consumption
Challenge Specialist knowledge required.
Opportunities Real-time data and control.
Method Algorithms are employed to analyze extensive
databases.
Challenge High-quality gqueries and database management.
Opportunities Identify trends and optimize energy use.

Real-time data collection and application
usage monitoring inside buildings.

Deploy and maintain a sensor network
Expensive.

Enables more precise energy optimization
automating usage based on occ
preferences.

by

Upancy an

Predict when applications and equipment might
need repairs to prevent malfunctions and
optimize usage.

Accurate predictive maintenance requires
Challenge —— historical data.

Predictive maintenance can extend the lifespan
of equipment, minimizing the cost and

e improving energy efficiency.

Fig. 7. Al-Driven Energy Efficiency in Algerian Housing: Methods, Challenges, and Prospects (suggested by the author)
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Table 3. Types of Infrastructure Constraints for Al Integration in Algeria

Constraint Type

Details

Structure
— Significant
Al technologies.

- Difficulty of integration with traditional energy infrastructure, requiring major modifications.
investments needed

to modernize infrastructure and incorporate

S Data and Quality - Unclear and inconsistent data availability policies hinder accurate analysis and
£ predictions.
[&)
()
= Performance and - High computational requirements for real-time data processing, leading to heavy
Scalability technical resource consumption.
Experience - Implementation requires extensive multidisciplinary knowledge.

Cost and Budget

performance challenging.

- Al integration involves significant costs.
- High costs and complexity of upgrading legacy systems make balancing budgets and Al

Economic and
Environmental

Environmental - Smart data centers consume large amounts of energy.
- Dependence on non-renewable energy sources increases carbon emissions and
negatively impacts the environment.

Social - Digital divide limits access to smart technologies for some groups, reducing overall
efficiency.
©
C
T ©
s
O 1 .. N .
3 Legal - Lack of clear policies and regulations for Al in energy management slows down

implementation and adoption.

o Infrastructure and Technology: A robust
digital architecture is needed, including upgrades
to communication networks, investments in cloud
computing, and enhanced data protection to
safeguard sensitive information from cyber-attacks.
Moreover, the synergy between Al and loT enhances
precision in data collection and analytics.

e Policies and Management: Modernizing laws
and institutional frameworks is crucial to regulate the
application of Al in governance and establish a clear
legal basis for its use in energy management.

e Skill Development and Training: Specialized
training programs in energy management should be
developed to ensure professionals can effectively
operate smart tools.

e Balancing Al and Human Oversight: Al cannot
be entirely relied upon for critical decision-making.
Human supervision remains essential to ensure
accountability and legitimacy. Mechanisms should
be established to review Al outputs and validate
operational results, thereby minimizing errors or
system failures that could have severe economic
consequences.

Conclusion

The present study was conducted with the
objective of investigating the potential of integrating
artificial intelligence to enhance energy efficiency in
Algerian housing. Using the Six W’s methodology
as a guiding framework, the key findings can be
summarized as follows:

24

Who: A stakeholder matrix has been proposed
as a practical instrument for identifying the most
influential actors in Al integration, including
government and regulators, technology companies,
building owners and developers, utilities, research
institutions, energy service companies, and non-
governmental organizations. The matrix highlights
their relative influence, financial commitment,
responsibilities, and technological maturity.

What. The study aimed to provide
a comprehensive evaluation of the critical factors
that determine the success of Al interventions in
the housing sector. Four key application areas were
identified as particularly significant: the management
of technological sophistication, the scope and scale
of impact, the utilization of data, and the complexity
of implementation.

When: Realizing the potential of Al in the housing
sector requires continued research to address the
technological and regulatory barriers that currently
limit progress. The implementation of advanced
technologies — particularly in the context of
upgrading existing infrastructure — remains a costly
endeavor.

Where: Al integration into the housing sector
requires a detailed analysis of energy consumption
patterns and the prioritization of large residential
complexes and urban redevelopment projects.
Neighborhoods with diverse income levels, aligned
with broader smart city initiatives, represent an ideal
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context for Al deployment since such integration
not only optimizes energy consumption but also
contributes to sustainable urban development
goals.

Why: The motivations driving Al integration
encompass environmental sustainability, resource
optimization, regulatory compliance, cost efficiency,
technological innovation, and positive societal
impacts, which include improved public perception,
enhanced health and well-being.

How: The identification of prospective alterations
within the case study context requires an assessment

data analytics, sensor networks, loT integration, and
smart grid integration.

Although this research topic has not been
extensively explored, particularly within the case
study context, the methodology employed herein
represents an initial investigation that will facilitate
future research by enabling a more comprehensive
examination of each dimension. Moreover, the findings
of this research will be invaluable for future studies,
providing the basis for developing a comprehensive
evaluation framework to assess potential Al integration
for enhancing energy efficiency. It is envisaged that

this framework could subsequently be applied to the
development of future smart cities in Algeria.

of a number of factors, including: intelligent control
systems, predictive maintenance, machine learning,
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AHHOTauuA

BBeaeHume: XUnuLHbIv cekTop Amkunpa noTpebnseT CyLLEeCTBEHHYH YacTb 3HEPTW CTPaHbI, BCNEACTBME YEro CTaHOBUTCA
HeobXoaUMbIM MOUCK KpeaTUBHbIX PeLLeHUi A5 NOBbILLEHUSs 3HEProaddekTUBHOCTU. VickyccTBeHHbIM uHTennekT (1)
npeanaraet aMEKTUBHbIE MHCTPYMEHTbl ONTUMMU3aUMM NOTPEONEeHns 3HEPrMn U CHUKEHUS SKONMOTMYECKOro crnepa.
Llenb uccnepgoBaHuUsi: HACTOsILEE UCCINEA0BaHME HaMNPaBIEHO Ha U3yYeHe METOOOMOMMYECKUX acnekToB MHTerpauum
N B cuctemy ynpasneHus aHeproaddeKkTMBHOCTbIO Xunoro goHaa Amxvpa. MeTtoabl: ona aHanusa uHTerpauum
M 6bin ncnonb3oBaH noaxod 6W, peannsoBaHHbIA B ABa 3Tana. Ha nepBoM atane dopmMupoBanacbk TeopeTnyeckas
ocHoBa. Ha BTOpoM — npoBOAuMIoCh UCCrefoBaHUEe KOHKPETHOrO Kewca, no3sonstollee rnybxe MOHATb KOHTEKCT U1
npoaHannampoBaTh BO3MOXHbIE PELLUEHNS C pa3HbIX TOYEK 3peHnsi. PeaynbraTbl: pesynsraTthl MCCrefoBaHNUst pasgerneHbl
Ha [iBe OCHOBHble kaTeropuu. lNepBasi KacaeTcs y4acTHMKOB MpoLecca, MeTooB uHTerpauum VN n npoctpaHCTBEHHO-
BPEMEHHOIO KOHTeKCTa. BTopas oxBaTbiBaeT MOTMBALMIO U NPUYMHBI BbIOOpA KOHKPETHBLIX cTpaTternin uHterpaumm VA,
a Takxe acnekTbl TexHonorui VIV, nognexalinx BHeOPEHMIO.

KnioyeBble cnoBa: 3HeproaddeKTUBHOCTb, XUIMULHbLIA oHA AMmKupa, WHTErpaumsi UCKYCCTBEHHOINO WHTEMMeKTa,
noaxon 6W, ymHbIN ropog.
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