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construction,  building  energy in Pakistan's construction sector and develops a contextualized implementation

efficiency, Passive design, framework to address identified barriers. Employing a mixed-methods research

Renewable energy. design, the study integrates quantitative surveys of 153 construction professionals,
qualitative  semistructured interviews with 10 industry experts, and a
comprehensive literature review. Data was analyzed using descriptive statistics,

Article History thematic analysis, and comparative methods. Findings reveal that LCB adoption
Received: 12 February 2026 in Pakistan remains critically low, evident in only 5% of surveyed projects. Four
Accepted: 21 March 2026 primary barriers were identified and ranked: absence of regulatory frameworks
Published: 08 April 2026 and financial incentives (mean score 4.75/5), high upfront costs (4.58/5),

limited awareness and technical knowledge (4.35/5), and restricted availability
of sustainable materials (4.18/5). Technical analysis further demonstrates that

Copyright @Author passive design strategies can achieve 40-70% energy demand reduction, while

renewable energy integration offers substantial operational carbon savings. The
Corresponding Author: * study contributes original empirical data on LCB implementation barriers specific
Abdul Jabbar to Pakistan and presents the first contextualized framework—the Three-Pillar Low-

Carbon Building Design (LCBD) Framework—tailored to Pakistan's unique socio-
economic, regulatory, and climatic conditions. The proposed framework provides
actionable guidance for policymakers and industry professionals, with
recommendations including mandatory building energy codes, targeted financial
incentives, and comprehensive capacity-building programs. This research offers
both theoretical contributions to sustainable construction literature and practical
pathways for accelerating low-carbon transitions in developing country contexts.

1. INTRODUCTION embodied carbon are combined [1], [2]. Buildings
1.1 Background are responsible for 36% of global final energy
The construction sector represents one of the most consumption and 37% of energy-related CO,
significant contributors to global greenhouse gas emissions [3], [4]. As urbanization accelerates
emissions, accounting for approximately 39% of globally, particularly in developing nations, the

total carbon emissions when operational and

https://thesesjournal.com | Jabbar et al., 2026 | Page 64


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030
mailto:abdul.jabbar@indus.edu.pk
mailto:ruhal.memon@duet.edu.pk
mailto:saira.mustafa13te64@gmail.com
https://doi.org/10.5281/zenodo.19466685

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 4, Issue 4, 2026

environmental impact of the built environment
continues to intensify [5], [6], [7], [8], [9].

In Pakistan, the building sector consumes over
40% of national energy, with this proportion
steadily increasing due to rapid urbanization and
economic development [10]. The World Bank
projects that Pakistan's urban population will
reach 50% by 2030, creating unprecedented
pressure on construction infrastructure and energy
systems [11]. Pakistan's total energy consumption
has grown at an average annual rate of 4.8% over
the past decade, with residential and commercial
buildings representing the fastest-growing demand
sectors [12].

Low-Carbon Buildings (LCBs) have emerged as a
critical solution for mitigating climate change
impacts from the construction sector. LCBs are
defined as highly energy-efficient buildings that
minimize carbon emissions through optimized
design, efficient systems, and renewable energy
integration [13]. The concept encompasses both
operational carbon (from building use) and
embodied carbon (from  materials and
construction processes) [14], [15], [16], [17].

1.2 Research Gap and Problem Statement
Despite global momentum toward low-carbon
construction, Pakistan's adoption rate remains
critically low. While developed nations have
established comprehensive frameworks and
achieved significant progress, developing countries
like Pakistan face unique implementation
challenges. The existing literature predominantly
focuses on developed economies, creating a
knowledge gap regarding LCB implementation in
South Asian contexts [18], [19], [20], [21].
Pakistan's construction sector operates within
distinct constraints including limited financial
resources, weak regulatory  enforcement,
inadequate technical capacity, and unique climatic
conditions. Previous studies have not adequately
addressed these contextual factors or provided
actionable implementation frameworks tailored to

Pakistan's circumstances [22], [23], [24], [25], [26].

1.3 Research Objectives
This study aims to assess the current state of low-
carbon  building adoption in  Pakistan's

construction sector, identify and prioritize the key
barriers hindering its implementation, analyze
stakeholder perspectives on the associated
challenges and opportunities, develop a
contextualized  implementation  framework
tailored to Pakistan's unique socio-economic,
regulatory, and climatic conditions, and provide
evidence-based policy recommendations to
facilitate the transition toward low-carbon
construction practices.

1.4 Significance of the Study

This research addresses critical gaps in
understanding low-carbon building
implementation in developing economies, with
findings that hold significant theoretical and
practical implications. The study informs policy
development for Pakistan's construction sector by
providing empirical evidence to support regulatory
reforms and incentive mechanisms. It offers
actionable guidance for industry practitioners
seeking to adopt low-carbon practices within
prevailing technical and financial constraints.
Furthermore, the findings contribute directly to
Pakistan's climate commitments under the Paris
Agreement by identifying pathways for emissions
reduction in the rapidly growing building sector.
The mixed-methods approach employed presents
a replicable methodology for similar developing
economies confronting analogous barriers to
sustainable construction. Finally, this research
establishes robust baseline data to enable future
longitudinal studies tracking the evolution of low-
carbon building adoption over time.

2. LITERATURE REVIEW

2.1 Low-Carbon Building Concepts and
Evolution

The concept of low-carbon buildings has evolved
significantly over the past two decades. Initially
focused primarily on energy efficiency, the
definition has expanded to encompass a holistic
approach including embodied carbon, operational
efficiency, and lifecycle impacts [27], [28], [29].
The International Energy Agency defines LCBs as
buildings that dramatically reduce energy
consumption through integrated design while
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minimizing carbon emissions throughout their
lifecycle [13], [30], [31], [32].

Key principles of low-carbon building design
include:

o Passive design strategies: Optimizing
building orientation, envelope, and natural
ventilation to minimize active heating/cooling
needs [33]

o Energy efficiency: High-performance
building systems and appliances that reduce
energy consumption [34], [35]

o Renewable energy integration: On-site or
offsite renewable energy to offset remaining
energy demands [36]

o Embodied carbon reduction: Material
selection and construction methods that minimize
lifecycle carbon [14]

. Smart building technologies: Automated
systems for optimized energy management [37]

2.2 Global Low-Carbon Building Initiatives
Developed nations have made substantial progress
in LCB implementation. The European Union's
Energy Performance of Buildings Directive
mandates that all new buildings must be nearly
zero-energy by 2030 [38]. The United States has
implemented various federal and statelevel
programs, with California requiring all new
residential construction to be zero-net-energy
capable since 2020 [38].

Asian economies present mixed results. Singapore
achieved 95% green building certification for new
developments through comprehensive policy
frameworks and incentive programs [39]. China
has implemented mandatory building energy
codes  covering over 90% of urban
construction [40]. However, South Asian nations
including Pakistan lag significantly behind these

benchmarks [41], [42], [43], [43], [44], [44].

2.3 Barriers to Low-Carbon Building Adoption
International literature identifies several common
barriers to LCB adoption:

Economic barriers: Higher upfront costs,
uncertain return on investment, limited access to
financing, and lack of economic incentives [45],

[46].

Regulatory barriers: Absence of mandatory
building codes, weak enforcement mechanisms,
fragmented policy frameworks, and bureaucratic
complexities [47], [48].

Technical barriers: Limited technical expertise,
inadequate professional training, shortage of
qualified practitioners, and insufficient research
and development [49], [50].

Market barriers: Low consumer awareness, split
incentive problems between developers and
occupants, limited availability of sustainable
materials, and  inadequate  performance
verification systems [51], [52].

Institutional barriers: Resistance to change,
fragmented  industry  structure, lack  of
coordination among stakeholders, and insufficient
knowledge sharing platforms [53].

2.4 Low-Carbon Building in Developing
Economies

Research on LCB implementation in developing
economies reveals unique challenges. Developing
nations face resource constraints, competing
development priorities, limited institutional
capacity, and different climatic contexts [54], [55].
Studies from India, Bangladesh, and Sri Lanka
demonstrate that successful implementation
requires context-specific approaches that address
local barriers while leveraging indigenous
knowledge and materials [28], [56].
Pakistan-specific ~ research  remains limited.
Existing studies primarily focus on energy
efficiency potential [57] and renewable energy
integration [57] but lack comprehensive analysis
of implementation barriers and stakeholder
perspectives. This research gap necessitates
empirical investigation to inform effective policy
and practice.

3. RESEARCH METHODOLOGY

3.1 Research Design

This study employs a mixed-methods research
design, integrating quantitative and qualitative
approaches to provide comprehensive
understanding of LCB implementation challenges
in Pakistan [58]. The research design combines:

. Quantitative survey of construction
professionals
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. Qualitative interviews with industry
experts
o Comprehensive literature review and

policy analysis
This triangulation approach enhances validity and
provides richer insights than single-method

studies [59].

3.2 Data Collection Methods

A mixed-methods research design was employed,
combining quantitative surveys and qualitative
interviews to investigate low-carbon building
implementation in Pakistan's construction sector.
A structured questionnaire was administered to
153 construction professionals recruited through
purposive sampling via professional associations,
industry conferences, and online platforms. The
survey instrument comprised five sections
addressing demographic information, current
practices, barrier assessment using five-point Likert
scales, technical knowledge of low-carbon building
concepts, and policy perspectives on regulatory
frameworks  and mechanisms.
Respondents represented major urban centers
including Karachi (32%), Lahore (28%),
Islamabad (18%), and other cities (22%), with
professional roles comprising architects (28%),
engineers (35%), project managers (22%), and
developers (15%), while experience levels ranged
from less than five years (25%) to five to ten years
(38%) and over ten years (37%). Complementing
the survey, semi-structured interviews were
conducted with ten purposively selected industry
experts possessing minimum ten years of
experience in Pakistan's construction sector,
including senior architects engaged in sustainable
design (n=3), government officials from building
control and energy policy departments (n=2),
academic researchers specializing in sustainable
construction (n=2), industry leaders with green
building experience (n=2), and a non-
governmental organization representative
advocating for sustainable housing (n=1).
Interviews lasting 45 to 90 minutes explored the
current state of sustainable construction, key
barriers and enablers for low-carbon building
adoption, stakeholder roles and responsibilities,
policy recommendations and implementation

incentive

strategies, and future trends and opportunities.
Quantitative data were analyzed using SPSS
Statistics, employing descriptive statistics to
compute frequencies, means, and standard
deviations as shown in figure. 2, ranking analysis
using mean scores to prioritize barriers, cross-
tabulation to examine relationships between
demographic variables and perceptions, and
reliability testing which yielded a Cronbach's alpha
of 0.87, indicating good internal consistency.
Qualitative interview transcripts were analyzed
using thematic analysis following Braun and
Clarke's six-phase framework [44], encompassing
familiarization through repeated reading, initial
coding of interesting features, collating codes into
potential themes, reviewing themes against coded
extracts and the entire dataset, refining and
naming themes, and producing the report with
compelling examples linked to research questions.
All participants provided informed consent,
confidentiality was maintained through data
anonymization, and participants were informed of
their right to withdraw at any time without
consequences.  Several limitations  warrant
acknowledgment, including the geographic scope
focused on major urban centers which may not
represent rural construction practices, a sample
size adequate for exploratory research but limited
for broader generalizability, potential self-
reporting bias whereby survey responses reflect
perceptions rather than objective measurements,
and temporal constraints inherent in the cross-
sectional design which captures a snapshot rather
than longitudinal trends.

4. FINDINGS AND ANALYSIS

4.1 Current State of Low-Carbon Building
Adoption

Survey results reveal critically low LCB adoption
rates in Pakistan's construction sector:

. Only5%  of  respondents reported
involvement in projects explicitly targeting low-
carbon performance

o 18% had implemented some energy
efficiency measures without comprehensive low-
carbon approach
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o 77% of projects followed conventional
construction practices with minimal sustainability
considerations

Awareness levels varied significantly:

. 62% of respondents were "somewhat
familiar" with LCB concepts
. 23% had "good understanding" of

technical requirements

. 15% admitted "limited or no knowledge"
of sustainable construction practices

4.2  Barriers to
Implementation
Respondents rated 15 potential barriers on 5-point
Likert scales (1=Not a barrier, 5=Critical barrier).
Table 1 presents the ranked results:

Low-Carbon  Building

Table 1: Barriers to Low-Carbon Building Implementation (n=153)

Rank  Barrier Mean Score Std. Dev.
1 Absence of mandatory building energy codes 4.75 0.51
2 Lack of financial incentives and subsidies 4.68 0.58
3 High upfront construction costs 4.58 0.63
4 Limited awareness among clients/developers 4.45 0.71
5 Insufficient technical knowledge among professionals 4.35 0.68
6 Lack of skilled workforce 4.28 0.74
7 Limited availability of sustainable materials 4.18 0.79
8 Uncertain return on investment 4.12 0.82
9 Inadequate financing mechanisms 4.05 0.85
10 Weak enforcement of existing regulations 3.98 0.89
1 Complexity of certification processes 3.85 0.91
12 Split incentives (developer vs. occupant) 3.76 0.95
13 Resistance to change in industry practices 3.68 0.98
14 Limited demonstration projects 3.52 1.02
15 Inadequate research and development 3.45 1.05
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Four primary barrier categories emerged with mean scores above 4.0, as shown in figure 1.

4.2.1 Regulatory and Policy Barriers (Mean:
4.75)

The absence of mandatory building energy codes
ranked as the most critical barrier. Interview
participants consistently emphasized this gap:
"Without mandatory regulations, developers have no
incentive to invest in energy efficiency. The market alone
won't drive this transition." (Government Official,

safety with minimal energy performance
requirements. This regulatory vacuum creates no
accountability for carbon emissions or energy
consumption.

4.2.2 Economic and Financial Barriers (Mean:
4.44)

Three economic barriers ranked among the top

Building Control Department) concerns:

Pakistan lacks comprehensive building energy . Lack of financial incentives (4.68)
codes comparable to international standards. . High upfront costs (4.58)
Existing regulations focus primarily on structural . Uncertain ROI (4.12)
Mean Score
0O 05 1 15 2 25 3 35 4 45 5

Absence of mandatory building energy codes I 4.75
Lack of financial incentives and subsidies I 4.68
High upfront construction costs  JIMMMMMIEHIHmHmmmmmmmmmmmmmmmmm, - 4.58

Limited awareness among clients/developers  IIIHIEIITIIITImImimmmiimmimmmmm 4.45

Insufficient technical knowledge among
professionals

Lack of skilled workforce [N 4.28

AR AR A A 4. 35

Limited availability of sustainable materials IR 4.18
Uncertain return on investment I - 4.12
Inadequate financing mechanisms NI, 4.05

Weak enforcement of existing regulations IR 3.8

Barriers To LCB

Complexity of certification processes MM 3.85
Splitincentives (developer vs. occupant) M 3.76
Resistance to change in industry practices I 3.68
Limited demonstration projects IR 3.52

Inadequate research and development I, 3.45

Figure. 1. Barriers to Low-Carbon Building Adoption in Pakistan
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Respondents indicated that LCB features typically
increase construction costs by 15-25%, with
limited mechanisms to finance these premiums.
One developer explained:

"Banks don't recognize energy efficiency as adding value
to properties. We can't get better financing terms for
green buildings, so the extra cost becomes a pure
expense.” (Private Developer, Karachi)

4.2.3 Knowledge and Capacity Barriers (Mean:
4.36)

Limited awareness (4.45), insufficient technical
knowledge (4.35), and lack of skilled workforce
(4.28) represent significant capacity gaps. Survey
results showed:

o 68% of respondents had received no
formal training in sustainable construction
) 72%  reported their organizations

provided no professional development in this
area

. 81% indicated limited access to technical
resources and guidelines

An academic expert noted:

"Our architecture and engineering curricula barely cover
sustainable design. Graduates enter the profession
without fundamental knowledge of energy-efficient
building principles.” (University Professor,
Architecture)

4.2.4 Market and Supply Chain Barriers (Mean:
4.18)

Limited availability of sustainable materials
emerged as a significant challenge. Respondents

reported:

o 76%  cited difficulty  sourcing high-
performance insulation materials

o 68% noted limited availability of energy-

efficient windows and glazing
o 54% identified supply chain
constraints for renewable energy components

4.3 Stakeholder Perspectives on Implementation
Challenges

Qualitative revealed  nuanced
perspectives on implementation challenges across
different stakeholder groups:

Government officials emphasized policy and
institutional challenges:

interviews

Volume 4, Issue 4, 2026
. Fragmented  responsibilities  across
multiple agencies
. Limited technical capacity for policy
development
. Political priorities favoring short-term
visible projects
. Insufficient  budget allocations  for
capacity building

Private sector professionals highlighted market-
driven concerns:

. Client unwillingness to pay premium for
sustainability features

. Competitive disadvantage of higher-
priced green buildings

. Shortterm  profit  orientation in
development sector

. Risk aversion to unproven technologies

Academic experts stressed  knowledge and
research gaps:

. Limited local research on appropriate
technologies for Pakistan's climate

. Disconnect between academic research
and industry practice

. Inadequate funding for sustainable
construction research

. Need for demonstration projects to build

evidence base

4.6 Successful Implementation Factors

Despite low overall adoption, respondents
identified factors that facilitated successful
sustainable building projects:

1. Strong client commitment (mentioned
by 82% of respondents)

2. Early-stage integration of sustainability
goals (76%)

3. Availability of technical
expertise through consultants (71%)

4. Financial incentives where available
(68%)

5. Demonstration effect of visible successful
projects (63%)

Interview participants emphasized the importance
of integrated design processes:

"When sustainability is considered from the beginning,
it's not significantly more expensive. The problem is when
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it's added as an afterthought." (Senior Architect,
Lahore).

Lack of financial incentives and
subsidies

Limited awareness among
clients/developers

Insufficient technical knowledge among
professionals

materials

Uncertain return on investment

Absence of mandatory building energy

I?sistance to change in industry
practices

O-DSplit incentives (developer vs. occupant)

7 Complexity of certification processes

2AVeak enforcement of existing
regulations

Inadequate financing mechanisms

Figure. 2. Standard Deviation of Barriers to Low-Carbon Building Adoption

5. PROPOSED FRAMEWORK:

Based on empirical findings and literature
synthesis, this study proposes a contextualized
Three-Pillar Low-Carbon Building Design (LCBD)
Framework specifically tailored for Pakistan's
construction sector.

5.1 Framework Overview

The LCBD Framework integrates three
interdependent pillars:

Pillar 1: Policy and Regulatory Foundation

. Mandatory building energy codes

. Financial incentive mechanisms

o Streamlined approval processes

Pillar 2: Technical Capacity Development

. Professional training programs

. Educational curriculum enhancement
. Knowledge sharing platforms

Pillar 3: Market Transformation

. Awareness campaigns

. Demonstration projects

. Supply chain development

5.2 Pillar 1: Policy and Regulatory Foundation
5.2.1 Mandatory Building Energy Codes
Recommendation: Develop and implement
comprehensive building energy codes with phased
compliance requirements:

o Phase 1 (Years 12): Voluntary
compliance with incentives for early adopters
. Phase 2 (Years 3-4): Mandatory for public

buildings and large commercial projects (>5,000
m?)

. Phase 3 (Years 5+): Mandatory for all new
construction

Key elements:

. Minimum thermal performance
standards for building envelopes

. Efficiency requirements for HVAC,

lighting, and appliances
. Renewable energy targets (progressive

from 10% to 30%)
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. Prescriptive  and  performance-based
compliance paths
o Regular updates aligned with

technological advancement

5.2.2 Financial Incentive Mechanisms
Recommendation: ~ Establish ~ multi-faceted
financial support system:

Direct incentives:

o Capital subsidies: 10-20% of incremental
costs for LCB features

o Tax credits: 5-year income tax reduction
for green building investments

. Accelerated depreciation for energy-
efficient equipment

Financing mechanisms:

. Green building mortgage programs with
preferential interest rates (2-3% below market)

. Property tax rebates (10-25% reduction)
for certified low-carbon buildings

. Revolving loan funds for energy efficiency
retrofits

Market-based instruments:

. Feed-in tariffs for building integrated
renewable energy

. Carbon pricing mechanisms to internalize
environmental costs

. Green building certification fee waivers

5.2.3 Institutional Strengthening

Recommendation: Establish dedicated
institutional capacity:
o National Green Building Council:

Coordinate stakeholders, develop standards,
manage certification

o Building Energy Efficiency Unit: Within
Ministry of Climate Change to Oversee Policy
Implementation

o Provincial implementation agencies:
Ensure local adaptation and enforcement

. Technical committees: Develop context-
specific guidelines and standards

5.3 Pillar 2: Technical Capacity Development
5.3.1 Professional Training Programs
Recommendation: Implement comprehensive
capacity-building initiatives:

Short-term interventions:

. Intensive  workshops for practicing
professionals (architects, engineers, contractors)

. Certification programs in sustainable
building design and construction

. Online learning modules for continuing
professional development

. Training-of-trainers programs to scale
capacity

Target: Train 5,000 professionals within first 3
years

Long-term interventions:

o Mandatory CPD  requirements in
sustainable construction for license renewal

. Specialized  master's programs  in
sustainable built environment

. Research fellowships for advanced study
of local solutions

5.3.2 Educational Curriculum Enhancement
Recommendation: Integrate sustainable
construction across educational levels:

University level:

. Mandatory courses in sustainable design
for architecture and engineering programs

. Interdisciplinary studios focused on low-
carbon building projects

o Research centers dedicated to sustainable
construction

Vocational training:

. Technical skills training for construction
workers in green building techniques

o Certification programs for specialized
trades (solar installation, advanced insulation)

5.3.3 Knowledge Sharing and Research
Recommendation: Develop robust knowledge
infrastructure:

. National database of building energy
performance with anonymized benchmarking data
o Design guideline series for different
building types and climate zones

. Best practice manuals with local case
examples and cost data

o Research funding program for context-
specific sustainable construction research

. Annual conference and  publication
series on sustainable building in Pakistan
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5.4 Pillar 3: Market Transformation . Technology transfer partnerships with
5.4.1 Awareness and Demand Creation international manufacturers
Recommendation: Launch multi-channel . Quality standards and certification for
awareness campaign: sustainable building products

Import facilitation:
Target audiences: . Reduced tariffs on sustainable building
. Property developers: Business case for materials and equipment
green buildings, market differentiation . Streamlined approval for new green
o Building owners: Operational cost building technologies
savings, health and comfort benefits . Bulk procurement programs to achieve
o General public: Environmental economies of scale

responsibility, quality of life improvements
Communication strategies:

. Public awareness campaigns via mass
media

. Developer roundtables and industry
seminars

. Consumer education through real estate
platforms

o School and university programs on

sustainable living

5.4.2 Demonstration Projects

Recommendation: Develop high-visibility
demonstration projects:

Public sector leadership:

o Mandate low-carbon design for all new
government buildings

. Retrofit flagship public buildings with
energy efficiency measures

. Monitor and publicize performance data
Pilot project program:

. Competitive grants for innovative
demonstration projects across building types

o Rigorous monitoring and evaluation with
published results

. Open house events and technical tours for

industry learning
Target: 20 demonstration projects within first 5
years across diverse building types and locations

5.4.3 Supply Chain Development
Recommendation: ~ Strengthen  sustainable
materials and technology supply chains:
Domestic manufacturing:

. Investment  incentives  for  local
production of insulation, efficient glazing, solar
components

Market infrastructure:

. Green building product directory and
supplier database

. Quality assurance and testing facilities

. Distribution networks reaching secondary
cities

5.5 Implementation Roadmap

The LCBD Framework requires phased
implementation over 10 years:

Phase 1: Foundation Building (Years 1-3)

. Develop building energy codes and
technical standards

3 Establish institutional structures

. Launch pilot training programs

. Initiate demonstration projects

Phase 2: Scaling Up (Years 4-7)

. Implement mandatory codes for large
buildings

o Expand training to reach 10,000+
professionals

. Activate financial incentive programs at
scale

. Achieve 50+ demonstration projects

Phase 3: Market Transformation (Years 810)

. Universal code compliance for new
construction

. Self:sustaining market for low-carbon
buildings

. 30% of new construction meeting LCB
standards

. Established domestic supply chains for

sustainable materials
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6. DISCUSSION

6.1 Interpretation of Findings

This research provides empirical evidence that low-
carbon building adoption in Pakistan faces
systemic barriers requiring coordinated multi-
stakeholder interventions. Four key findings merit
discussion:

Finding 1: Regulatory vacuum as primary
barrier. The absence of mandatory building
energy codes emerged as the single most critical
barrier (mean score 4.75/5). This finding aligns
with international research demonstrating that
mandatory regulations are essential drivers of
market transformation [60]. Without regulatory
requirements, economic rationality  favors
conventional construction despite long-term
benefits of low-carbon approaches.

Finding 2: Economic barriers are
multifaceted. While high upfront costs received
significant attention, the barrier analysis reveals
that lack of financial incentives (4.68) and
uncertain ROI (4.12) are equally important. This
suggests that addressing economic barriers
requires both reducing costs (through incentives
and economies of scale) and improving financial
returns (through energy savings, property value
appreciation, and market recognition).

Finding 3: Capacity gaps are pervasive. The
finding that 68% of respondents received no
formal training in sustainable construction
indicates fundamental gaps in professional
education. This capacity deficit cannot be
addressed through shortterm interventions alone
but requires systemic changes to educational
curricula and continuing professional
development systems.

Finding 4: Technical feasibility is
demonstrated. Analysis shows that passive design
strategies can achieve 40-70% energy demand
reduction in Pakistan's climate zones, while
renewable energy integration can offset substantial
operational carbon. This demonstrates that
technical solutions exist; the challenge is

implementation  rather  than  technology

availability.

6.2 Contextual Considerations for Pakistan
Several  Pakistan-specific = factors  require
consideration:

Federal-provincial dynamics: Building regulations
fall under provincial jurisdiction, necessitating
coordination mechanisms to ensure consistent
national standards while allowing provincial
adaptation.

Informal construction sector: A substantial
portion of Pakistan's construction occurs through
informal channels, making regulatory
enforcement challenging. The framework must
include strategies to reach informal sector actors.

Energy sector reforms: Pakistan's ongoing power
sector reforms create opportunities to align
building energy efficiency with broader energy
policy objectives, particularly regarding demand-
side management.

Climate vulnerability: Pakistan ranks among
countries most vulnerable to climate change
impacts. LCB adoption contributes to both
mitigation and adaptation objectives,
strengthening the policy rationale.

6.3 Framework Strengths and Innovations
The proposed LCBD Framework offers several
innovations:

Integrated approach: Rather than isolated
interventions, the three-pillar structure addresses
regulatory, capacity, and market barriers
simultaneously, recognizing their
interdependence.

Context-specificity: The framework incorporates
Pakistan's institutional structures, economic
conditions, and climatic diversity rather than

importing international model’s wholesale.

Phased implementation: Realistic timelines and
progressive requirements acknowledge capacity
constraints while maintaining long-term ambition.
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Multi-stakeholder engagement: The framework
assigns clear roles to government, private sector,
academia, and civil society, fostering collective
responsibility.

6.5 DPotential Challenges and Mitigation
Strategies
Implementation will face several challenges:

Political economic barriers: Vested interests in
conventional construction may resist regulatory
changes. Mitigation: Build broad coalitions
including forward-looking industry leaders,
emphasize economic opportunities in green
building sector.

Resource constraints: Government budget
limitations may constrain incentive programs.
Mitigation: ~ Explore financing
including green bonds, climate finance,
international development assistance.

innovative

Enforcement capacity: Weak enforcement
mechanisms undermine regulations. Mitigation:
Invest in building control department capacity,
implement third-party verification systems, use
technology for compliance monitoring.

Knowledge gaps: Limited local research on
appropriate technologies. Mitigation: Prioritize
applied research funding, establish partnerships
with international research institutions, document
local innovations.

7. CONCLUSIONS AND
RECOMMENDATIONS

7.1 Key Conclusions

This study provides comprehensive empirical
analysis of low-carbon building implementation
challenges in Pakistan's construction sector.
Several conclusions emerge:

1. LCB adoption remains critically low at
5% of surveyed projects, indicating substantial
untapping potential for carbon emission
reductions from the building sector.

2. Systemic barriers require coordinated

interventions across regulatory, economic,

technical, and market domains. No single
intervention will suffice to transform the market.
3. Regulatory frameworks are
foundational for market transformation. The
absence of mandatory building energy codes
emerged as the most critical barrier and must be
addressed as a priority.

4. Technical feasibility is
established through analysis demonstrating 40-
70% energy reduction potential through passive
design strategies appropriate to Pakistan's climate
zones.

5. Capacity building is essential given
pervasive knowledge gaps among professionals and
limited integration of sustainable construction in
educational curricula.

6. Financial mechanisms must address
multiple barriers including high upfront costs,
uncertain returns, and limited access to
appropriate financing instruments.

7. The proposed LCBD Framework
provides actionable guidance through integrated
three-pillar approach addressing policy, capacity,
and market transformation simultaneously.

7.2 Recommendations for Industry Practitioners
For developers and builders:

. Invest in staff training on sustainable
construction practices

. Pilot low-carbon features in upcoming
projects to gain experience

. Engage early with  sustainability
consultants in project planning

. Market energy efficiency as value

proposition to buyers

For architects and engineers:

. Pursue professional development in
sustainable design

. Advocate for integrated design processes
with clients

. Utilize building energy modeling in
design development

. Document and share lessons from

sustainable projects

https://thesesjournal.com

| Jabbar et al., 2026 |

Page 75


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 4, Issue 4, 2026

For financial institutions:

o Develop green  building mortgage
products

. Incorporate  energy performance in
property valuation

o Support energy efficiency financing
mechanisms

. Train staff on assessing green building
investments

7.3 Recommendations for Future Research

This study opens several avenues for future
research:

1. Longitudinal  studies tracking =~ LCB
adoption rates and implementation outcomes over
time

2. Cost-benefit analysis of specific low-
carbon technologies in Pakistan's context with
detailed financial modeling

3. Regional variation analysis examining
differences in barriers and opportunities across
provinces and urban-rural contexts

4. Occupant behavior studies investigating
actual energy consumption patterns in low-carbon
buildings

5. Life cycle assessment of locally available
building materials and construction systems

6. Policy evaluation research assessing
effectiveness of implemented interventions

7. Comparative studies with other South
Asian countries to identify transferable lessons

7.5 Final Remarks

Pakistan stands at a critical juncture in its
development trajectory. Rapid urbanization and
economic  growth  create  unprecedented
opportunities to shape the built environment
toward sustainability. However, without decisive
action, the construction sector will lock in decades
of high-carbon infrastructure, undermining
climate commitments and imposing substantial
energy costs on the economy.

The transition to low-carbon buildings is both
technically feasible and economically rational
when lifecycle costs are considered. What is
required is collective will to overcome short-term
barriers through coordinated policy action,
capacity building, and market transformation. The

proposed LCBD Framework provides a roadmap
for this transition, but success ultimately depends
on commitment from all stakeholders,
government, industry, academia, and civil society.
This research demonstrates that the path forward
is clear. The question is not whether Pakistan can
achieve widespread low-carbon building adoption,
but whether stakeholders will seize the
opportunity to lead this transformation. The time
for action is now.
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