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Abstract. This study aimed to investigate energy-efficient architectural design as a strategic instrument of economic
policy and innovation, repositioning it to address Ghana’s energy crisis by driving economic innovation and fiscal
resilience within the building sector. The survey of 120 registered architects in Ghana (quantitative survey) produced 72
valid responses (60.0% response rate). The methods applied included descriptive statistics, Pearson correlation, multiple
linear regression and principal component analysis. Factor analysis indicated that there were two main innovation
themes Building Envelope/Orientation (64.4% of variance) and Site Condition decisions (9.2% more variance) with good
scale reliability (Cronbachs 0.90). The multi-dimensional outcome construct was confirmed with energy performance
items loading on one factor, which explained 80.5% of variance. Five predictors of energy performance were identified
by regression, which accounted 81.7% of the variance of energy performance; with passive solar (f =0.510), natural
ventilation (3=0.373), site temperature (p=0.315), daylighting (3=0.284), and site shading (p==0.175) for a standardised
regression coeflicient. The main barriers are economic and informational: absence of public knowledge (mean =3.20/4),
and client budget (mean = 3.00/4), which are considered to be high barriers. Key conclusions showed that design
innovations have the potential to save 25-50 per cent of energy loads in buildings and are also related to productivity
of labour, 5-15 per cent. Scenario analysis projected that, with widespread implementation, annual economic benefits
would reach 150-300 million dollars, comprising direct fiscal savings (25-50 million), productivity enhancement (15-30
million), green construction investment mobilised (100-200 million), and reduced fuel imports (10-20 million) offsetting
7-13 per cent of the yearly energy deficit
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Introduction

Ghana’s persistent and deepening energy crisis represents  n generation capacity but, more fundamentally, as a struc-
one of the most significant threats to national economic  tural impediment to productivity, public expenditure
stability, manifesting not merely as a technical shortfalli =~ management, and long-term development. Consequently,
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the cyclical nature of power outages, colloquially termed
“dumsor” has disrupted industrial activity, undermined
business confidence, and imposed recurrent fiscal bur-
dens on an already strained public budget. In response,
policy responses have historically concentrated on ex-
panding supply-side infrastructure, investing heavily in
thermal generation and pursuing renewable energy tar-
gets; however, these efforts have consistently lagged be-
hind escalating demand, thereby exposing the limitations
of a purely supply-oriented approach. Within this con-
text, the building sector emerges as a critical yet underuti-
lised point of intervention.

The ongoing energy crisis in Ghana is causing insta-
bility in the economic condition of the country, not as
a technical inadequacy, but as a structural hindrance to
productivity and fiscal governance. It has led to the ex-
istence of electricity sector debt in excess of GH 80 bil-
lion (US 5.6 billion) estimated to rise to over US 9 billion
by 2026 with cyclical power outages (dumsor) disrupting
most industries, undermining business confidence, and
plunging the country into recurrent fiscal burdens (As-
mah, 2025; Lighting up Accra..., 2025). Nevertheless, the
responses have been on supply-side infrastructure expan-
sion but this has failed to keep pace with the rising de-
mand revealing the shortcomings of supply-only-oriented
policy. Nevertheless, the building sector as a large electric-
ity user, presents a very important, yet under-tapped de-
mand-side intervention. According to the estimates of the
World Bank Group (2025), every dollar spent on energy
efficiency will give the US government a return of US 3-5,
saving their money. But this potential has not been ex-
ploited due to disjointed regulations, inadequate technical
integration, and the view of efficiency as an engineering,
but not a strategic, economic issue. There are no enforced
efficiency requirements in building regulations, so archi-
tectural design choices, which shape the long-term energy
use, are rarely considered in macroeconomic terms (Built
environment critical..., 2024). This alienation of technical
practice and economic policy is the main issue: the sys-
tematic underestimation of energy-efficient architecture
as a source of fiscal resiliency.

Ministry of Finance of Ghana (2025) promoted
changes in demand without reasoning to the construc-
tion of buildings. G. Tettey et al. (2025) also found policy
incoherence in renewable transition, but did not consider
building codes. Clean Air Task Force (2025), once em-
phasised the demand-side urgency without quantifying
the level of building-level efficiency input. S. Owusu-
Mante (2025) analysed the landscape of Ghana’s renew-
able energy transition, concentrating on the creation of
the Ministry of Energy and Green Transition as a policy
signal. The scientist concluded that institutional coordi-
nation remains weak, with disjointed efforts across minis-
tries and limited integration of green skills development,
local material supply chains, and building regulations
into a coherent strategy. Greater focus was on renewable

barriers, as G. James et al. (2025) analysed them, and
the Energy Commission (2025) demanded increased en-
forcement of efficiency. The International Energy Agen-
cy (2025) worldwide affirmed that efficiency programmes
have economic benefits. E. Ochedi & A. Taki (2022) devel-
oped a framework approach to energy-efficient residen-
tial building design in Nigeria, identifying passive solar
strategies, natural ventilation, and site-responsive design
as critical interventions in tropical climates. The authors
concluded that systematic application of these principles
can yield significant reductions in cooling loads and op-
erational energy consumption. J. Allen et al. (2022) asso-
ciated indoor quality with a 5-15% productivity increase
but in high-income nations only. The fact that the Ghana
has created the Ministry of Energy & Green Transition
indicates that this connection has been acknowledged
within its policies.

Nevertheless, there is a very big discrepancy between
the technical architectural solutions and their expression
in the form of conscious economic policy. To empirically
determine and measure the effect of architect’s design deci-
sions that are energy-efficient (EED) on the energy perfor-
mance (EP) of buildings in Ghana, and to re-conceptualise
these technical results as sources of economic innovation.
Practically translate evidences of economic innovation
sustainability into coherent policy, industry structure to
decrease national energy demand, reduce public sector ex-
penditures and spur green investment to support national
energy security, and sustainable development objectives
(Tettey et al.,, 2025). Consequently, an existing large gap
is the connection between particular architectural design
decisions, and building energy performance that has not
been empirically assessed in the Ghanaian professional
setting, or converted into economic frameworks involving
the correlation of design with minimised government ex-
penditure, increased productivity, and green market stim-
ulation. The purpose of the study was to empirically de-
termine the effect of energy-conscious design on building
energy performance in Ghana and redefines these results
as quantifiable aspects of fiscal stability, which gives an
innovation evidence base of incorporating architectural
practice in the national energy policy.

Materials and Methods

The research design used was a quantitative, and cross-sec-
tional survey design to understand the correlation between
design decisions of architects, and building energy per-
formance in Ghana. The statistical tools applied include
descriptive statistics, Pearson correlation, multiple linear
regression, and principal component analysis. Principal
Component Analysis (PCA) with Varimax rotation using
SPSS. Scale reliability was excellent (Cronbach’s a=0.90).
The study population was registered architects with good
standing registered by the Architects Registration Coun-
cil of Ghana (ARCG). Out of 850 registered architects on
their sample frame; 120 practicing architects were used

62 Innovation and Sustainability, 2026, Vol. 6, No. 2



for the study, as it was determined by R. Krejcie & D. Mor-
gan (1970) sample size determination table, being recom-
mended by L. Kish (1965) for conducting surveys on the
professionals. Data cleaning resulted in the retention of
72 complete and valid responses to be analysed and the
response rate was 60. They used stratified sampling de-
pending on years of experience (0-5, 6-15, 16 or more
years), and primary practice sector (public, private, and
academia). The major metropolitan centres with very
high, and more constructional projects were used to draw
the participants in Accra, Kumasi, and Takoradi.

The work of N. Ahmad et al. (2019) was used to de-
velop a structured questionnaire which was piloted on 15
architects to evaluate their clarity, relevance and length.
Pilot feedback was taken into consideration with minor
wording changes, and the consent of the appropriate re-
spondents was taken, in accordance with the ethical prin-
ciples of the American Sociological Association (2018),
and used solely for academic purposes, and no name was
required. The questionnaire included four parts: Section 1
that covered demographic and professional information
with six questions: years of experience, sector of practice,
highest educational level, type of typical project (residen-
tial, commercial, institutional, or mixed use), the number
of efficient projects completed with respect to building
energy codes, and knowledge of Ghana building energy
codes. Section 2 quantified the frequency and priority of
13 individual energy efficient design (EED) decisions rat-
ed where 1=Never Used to 5= Always Used. These were
divided into two: Building Envelope/Orientation Innova-
tions (eight items: building orientation, window to wall
ratio, external shading devices, wall insulation, roof insu-
lation, glazing type, building compactness, and thermal
mass) and Site Condition Innovations (five items: pre-
vailing wind utilisation, landscaping for shading, vege-
tation placement, topography adaptation and rainwater
harvesting integration). Section 3 measured perceived
building energy performance based on five statements
with a 5-point Likert scale (1 = Strongly Disagree to
5 =Strongly Agree). They were as follows: Buildings that
I design consume less energy than conventional designs,
occupants report lower energy costs, thermal comfort is
always well achieved without excessive mechanical cool-
ing, indoor environmental quality (air quality, daylight,
acoustics) is just as high as occupant expectations, and
post occupancy evaluations indicate high occupant satis-
faction with energy performance. Section 4 enumerated
5 possible obstacles to the implementation of energy effi-
cient design on a 4-point scale (1 =Not a Barrier to 4= Se-
vere Barrier): absence of client demand, increased cost of
upfront costs, limited technical expertise of design teams,
no enforcement of building energy codes, and no availa-
bility of energy efficient materials in the immediate area.

The data were collected within eight weeks by uti-
lising both electronic (Google Forms) and paper-based
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data, which was gathered at the professional association
meetings as well as direct visit to architectural firms in
Accra, Kumasi, and Takoradi. A set of information was
given to the participants in an information sheet that
contained the purpose of this study, and all respondents
were informed to give consent. There were anonymity
and confidentiality. The results were analysed in SPSS
version 26. Three descriptive statistics (means, standard
deviations, frequencies) were calculated of respondent
characteristics, and design priorities. Pearson product
moment correlation coeflicients were used to examine bi-
variate associations between EED decisions, and energy
performance. This was followed by multiple linear regres-
sion (stepwise entry) to determine the most important
predictors of the energy performance with standardised
beta coefficients used to determine the relative contri-
bution of each predictor. Before the regression, the as-
sumptions of linearity, normality, homoscedasticity, and
multicollinearity were tested with the help of the resid-
ual plot and variance inflation factor. All statistical tests
were two tailed and the level of significance was 0.05.
design. This study has a number of limitations. To be-
gin with, the sample of 72, which is used in this study, is
sufficient to perform its statistical analysis, but does not
allow generalising it to the whole profession. Once again,
the use of self-reported performance of energy instead
of quantitative consumption data presents a possibility of
response bias. The cross-sectional design, however, only
captures associations, but not causality. Research in the
future must also include the actual energy consumption
in buildings built with the known EED strategies to con-
firm the self-reported performance indicators.

Results and Discussion

Ghana’s energy crisis and the underutilised potential

of building energy efficiency

The Energy Crisis in Ghana and the argument in favour
of constructing energy efficiency. The power industry in
Ghana is in a structural crisis that is spiralling out of con-
trol with increasing debt, inefficiencies in operations, and
financial burdens that are unsustainable. Clean Air Task
Force (2025) asserts that, the energy crisis of Ghana is a
debt/inefficiency spiral: the accrued debts of the sector are
over GH80 billion (about US5.8 billion), and the amount
of money needed to fund it annually is estimated to be
US2.23 billion. Combined with S. Owusu-Mante (2025)
stated that, performance of Electricity Company of Ghana
(ECQG) is a major bottleneck, which contributes to Aggre-
gate Technical, Commercial and Collection (ATC&C)
losses of up to 40% leading to a monthly shortfall in rev-
enue of US 25.8 million. This leakage in the budget, he
argues, is a budget killer to other important investments
in the state. The power generation mix of Ghana in the
year 2023-2025 is shown in Table 1. Most of the genera-
tion is thermal.
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Table 1. Ghana’s power generation mix: 2023-2025 (GWh)

Source 2023 (Actual) 2024 (Actual) 2025 (Projected)
Hydro 9,187 9,893 10,200
Thermal 14,930 14,524 15,200
Other renewable sources 147 181 250
Total 24,264 25,550 25,650

Source: Ghana renewable electricity: % of total electricity generation (2024), Global Legal Insights (2025) for 2023 data, Electricity
Monitor Ghana (2025), M. Aftul (2025) and author’s projections based on Energy Commission (2025) outlook

Moreover, according to Electricity —Monitor
Ghana (2025), since 2016, electricity generation has been
dominated by thermal power, and its output has been in-
creasing steadily to reach its peak of 14,930 GWh in 2023
and then slightly declines to 14,524 GWh in 2024. This
means that, hydropower, which controlled Ghana gener-
ation rates between 2000 and 2015 with a share of between
51 and 92%, has been surpassed by thermal over the past
few years. According to the International Trade Admin-
istration (2025), a significant portion of power generation
in Ghana is based on thermal generation (66%), hydro
(33%), and renewable sources (1%). Ghana has had limited
success in the integration of renewable energy, although
its ambitious policy targets have been terribly derailed by
the continued failures in implementing them. S. Owusu-
Mante (2025) highlighted that, the renewable energy tran-
sition states that there is a broader implementation gap:
though policy objectives indicate that the non-hydro re-
newables should take more than 20% of installed capacity,
they occupy less than 2%. G. Tettey et al. (2025) stated that
the absence of effective policy streams hinders develop-
ment of Ghana, which is aggravated by financing mecha-
nism, and institutional barriers pattern, which the Danish
Institute of International Studies (2025) also notes.

Although the need to promote energy efficiency in
buildings has been a long-established idea in the global dis-
course as a pillar of sustainable development, its potential
as an economic innovation driver has been little tapped in
Ghana. According to A. Salmi et al. (2022) building ener-
gy efficiency is viewed internationally as one of the keys
to sustainable economic development because buildings
are a long-term capital infrastructure that lowers opera-
tional expenses. Sustainable development as a concept of
economic and environmental objectives was put forward
by the World Commission on Environment and Develop-
ment (1987). E. Ochedi & A. Taki (2022) presented major
strategies for energy efficiency in buildings and economic
innovation, comprising either Building Envelope/Orienta-
tion Innovations (e.g., passive solar, natural ventilation) or
Site Condition Innovations (e.g., climatic analysis, shad-
ing), which is consistent with R. Crawford (2011). Howev-
er, empirical research from Ghana quantifying the impact
of specific energyeficient design (EED) decisions and di-
rectly linking them to macroeconomic outcomes is lacking.

Conceptual frameworks:

Design-based performance-based economic innovation

The combination of whole building design approach has
turned out to be one of the fundamental principles of
sustainable construction operationalisation (Ochedi &
Taki, 2022). M. Kashef (2025), the bifurcation of EED
decisions is in line with contemporary building science,
inspired by holism, and biophilic approach to bioclimat-
ic performance optimisation. According to E. Ohene et
al. (2024), the above strategies are considered by the ex-
isting literature on tropical architecture to be critical re-
silience to make buildings more tolerant to temperature
and power outages, which are also validated by Y. Yang et
al. (2023). The shift of slender energy metrics to a more
socio technological notion of efficiency, connected to oc-
cupant wellbeing, and cognitive output is found in the
International Energy Agency (2025), The human dimen-
sion... (2020), and Y. Yu et al. (2024).

Based on modern political economy explanations of
the nexus of constraints in Ghana, that deter efficiency
expenditures (Clean Air Task Force, 2025; World Bank
Group, 2025). Also, EEDs are innovations in a sophisti-
cated construction innovation system, observable in the
Global Alliance for Buildings, and Construction (2024).
E. Ohene et al. (2024) on the contrary confirm the rela-
tionship between performance, and economic returns
with life cycle cost models, which is that low levelised
costs of efficient structures in tropical climates. J. Allen et
al. (2022) further present strong evidence for the relation-
ship between cognitive functioning, and indoor air quali-
ty, as well as thermal comfort based on controlled studies.
S. Owusu Mante (2025), and G. Tettey et al. (2025) proved
the necessity to design green skills, and resources that can
motivate local entrepreneurs as an opportunity with a
future in the current strategy in Ghana. In the context of
the basis of the circular economy and decoupling, P. Al-
brecht & M. Gravesen (2025) and Ministry of Finance of
Ghana (2025) discussed the vulnerability of the fiscal and
trade sector in Ghana. The conceptual framework of ener-
gy efficient building design strategies, and energy perfor-
mance of public buildings in Ghana, as shown in Figure
1 reflects Building Envelope/Orientation Innovations, and
Site Condition Innovations as the main sources of energy
performance in the national context.
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GHANA’S NATIONAL CONTEXT
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Figure 1. Conceptual framework: Energy efficient design strategies and energy performance

Source: author’s elaboration

Figure 2 shows the economic innovation pathway of
energyeflicient building design in Ghana. The diagram il-
lustrates EEDs leading to energy performance, which bifur-
cates into Productivity & Fiscal Benefits and Green Market
Stimulus, converging on Macroeconomic Resilience.

The Ghana Green Building Code based policy frame-
work of energy efficient building design in Ghana and the
EDGE certification system have been shifted to be a reg-
ulated market-driven mechanism rather than a voluntary
niche approach (Kumar, 2025). According to S. Asuamah
Yeboah (2024), it is stipulated that the Government incen-
tives towards sustainable construction in developing coun-
tries: Catalysts for change. Drivers of change: Government
incentives to promote sustainable construction in devel-
oping countries; the evidence shows that this framework
successfully transfers environmental targets into economic
results that can be measured: Ghana has already achieved

Innovation and Sustainability, 2026, Vol. 6, No. 2

one million square metres of EDGE-certified space by 2025
(up from just 40,000 m? in 2017). The 100% EDGE certi-
fication of the Greenville District Housing Programme
which is mandatory is another indication that the regula-
tors have now come to the realisation that green building
is a prerequisite towards the provision of public housing.
More importantly, the integration of the framework
with local financing that has been epitomised by the SUN-
REF Ghana programme that deployed the equivalent of
the US$30 million in credit lines offered by the Agence
Frangaise de Developpement (AFD) as well as the equiva-
lent of the US$2 million in technical assistance offered by
the EU Africa Infrastructure Trust Fund which has exe-
cuted over US $20 million in green energy projects. As it
generates an estimated annual reduction of about 139,020
tonnes of CO, (SUNREF Ghana Programme ends, advanc-
es climate finance and green investment, and low carbon
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materials, such as the 139,020 tonnes of CO, in the world
largest Limestone Calcined Clay Cement (LC,) plant com-
missioned in Tema with a US $110 million investment
which replaces up to 40 percent of traditional clinker and
reduces carbon emissions by as much as 40% (Afful, 2025),
creates its own reinforcing loop: regulation attracts de-
mand, demand attracts investment, and investment lowers
technology costs. Accordingly, some of the main lessons
of this analysis are that obligatory certification targets,

rather than voluntary guidelines, have triggered market
expansion, requiring that codes be coupled with accessible
EDGE certification reduces compliance costs incurred by
developers, and making codes conditional on their being
coupled with accessible EDGE certification further lowers
compliance expenses. In the absence of such alignment
and ongoing public-private coordination, this framework
risks remaining a mere blueprint rather than becoming a
lived reality.

ARCHITECTURAL INNOVATION INPUTS
Building Envelope & Orientation Decisions
Site Condition Decisions

PERFORMANCE OUTCOMES High Energy
Performance) Reduced Energy Consumption Lower
Operational Costs Improved Occupant Comfort

IMMEDIATE ECONOMIC RETURNS
Lower Operational Expenditure Reduced Energy
Costs 25-50% Savings Potential

PRODUCTIVITY & FISCAL BENEFITS
Improved Health, Comfort & Productivity of
Occupants 3-15% Productivity Gain

GREEN MARKET STIMULUS
Demand for Skilled Labor Energy-Efficient
Materials Green Technology & Services

MACROECONOMIC RESILIENCE & GROWTH

MACROECONOMIC IMPACTS
Increased Fiscal Space for Government Enhanced
National Competitiveness Lower Energy Import Bill
Job Creation in Green Sectors Progress on SDGs

PROJECTED ANNUAL IMPACT
Total Economic Benefit: $150-300M
Energy Reduction: 25-50% Productivity
Gain: 3-15%

Figure 2. Economic innovation pathway of energy-efficient building design in Ghana

Source: author’s elaboration

Results sample characteristics and response rate

A total of 72 valid responses were obtained out of the
120 questionnaires sent out which is a response rate of
60.0. The sample included architects of the following
experience levels: 25.0% of 0-5 years, 41.7% had 6-15
years, and 33.3% had 16+ years. In terms of sector, 58.3,
25.0 and 16.7% were in the private practice, the public
sector and academia respectively. Principal Component

Analysis of energy efficient design decisions. The 13
EED items were subjected to a Principal Component
Analysis (PCA) with varimax rotation. The Kaiser Mey-
er Olkin measure of sampling adequacy=0.814, and the
Test of Sphericity was significant (x*>=684.237, n =78,
p=0.001). The PCA reduced the 13 EEDs to two com-
ponents that accounted 73.6% variance. The factor load-
ings are shown in Table 2.

Table 2. Principal component analysis of energy-efficient design decisions

Component and design decisions Factor loadings Variance explained
Component 1: Building Envelope/Orientation (BE/O) Decisions 64.4%
Passive solar technique 0.832
Provision of natural ventilation 0.815
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Continued Table 2

Component and design decisions Factor loadings Variance explained
Daylighting techniques 0.808
Thermal storage strategy 0.797
High-performance insulation 0.767
Air tightness / Infiltration control 0.733
Differential facades technique 0.695
Integration of roof monitors 0.641

Component 2: Site condition (SLC) decisions 9.2%
Temperature of the building site 0.923
Site shading by vegetation 0.858
Topography of the building site 0.576
Wind velocity at the building site 0.597
Humidity and presence of water bodies 0.539
Total variance explained 73.6%

Source: author’s computation

The average scores of the single EED items indicat-
ed that, site temperature analysis (mean =4.64) and pas-
sive solar technique (mean =4.58) and natural ventilation
(mean =4.56) were the most common design innovations
used. Nonetheless, Table 3 shows the reliability analysis re-
sults of the Cronbach alpha coefficients of the scales (Cron-
bach’s alpha >0.9).

The alpha coefficients of the Cronbach coeflicients in
Table 3 range between 0.905 and 0.943, which are far great-
er than the more traditional acceptable test value of 0.70
and the more stringent test value of 0.80 as a good reliabil-
ity test. These values imply a very high degree of internal
consistency of each of the three scales. In particular, the
scale of Performance (5 items; a = 0.943) has an excellent
internal consistency; that is, the five items covary with each
other as well as are reliable in measuring a single construct.
The “BE/O” scale (8 items; a=0.932) and the “SLC” scale

(5 items; a=0.905) also show excellent reliability, with o
values above 0.90. Such coefficients are not only acceptable
in the context of this study, but are also indicative of very
reliable measurement instruments.

These findings warrant considering that each of the
scale’s measures consistently its intended latent variable
without undue measurement error. Further the high al-
phas, along with the factor loadings obtained elsewhere
(as in Table 5), is strong evidence that the scales are both
reliable and unidimensional in nature. There is no need to
revise the scale or to remove items based on the theory of
internal consistency. Table 4 shows Multiple regression
analysis, with stepwise multiple regression analysis con-
ducted to identify predictors of energy performance. The
model was significant (F (5,66) = 159.144, p < 0.001), ex-
plaining 81.7% of the variance in energy performance (Ad-
justed R*=0.817).

Table 3. Reliability and scale validation test results

Scale Number of scale items Cronbach’s alpha coefficient
BE/O 8 0.932
SLC 5 0.905
Performance 5 0.943

Source: author’s computation

Table 4. Multiple regression results for EEDs predicting energy performance

Predictor variable Beta (B) t-value p-value
Passive solar technique 0.510 7.128 <0.001
Natural ventilation 0.373 6.595 <0.001

Site temperature consideration 0.315 4.521 <0.001
Daylighting technique 0.284 3.885 <0.001
Site shading strategy 0.175 3.572 <0.001

Source: author’s computation

Again, the Principal Component Analysis for ener-
gy performance (PCA) revealed five energy performance
items with unidimensional structure, with a single factor

Innovation and Sustainability, 2026, Vol. 6, No. 2

explaining 80.524% of the variance (KMO = 0.792, Bart-
lett’s Test = 389.781, p <0.001). Table 5 shows the factor
loadings.

67



The impact of energy-efficient architecture as a driver...

Table 5. Principal component analysis for energy performance

Item Factor loading
Reduced energy consumption 0.945
Less energy cost 0.936
Improves the comfort of occupants 0.922
Improves health and safety of occupants 0.880
Improves the productivity of occupants 0.818

Source: author’s computation

The implications of these results to the structure of the
scale are quite numerous. The highest loading (0.945) indi-
cates that the item with the highest loading in the factor is
Reduced energy consumption, which is also the most cen-
tral and defining item of the factor, and the lowest load-
ing (0.818) still comfortably exceeds the 0.70 benchmark,
demonstrating that it makes a meaningful contribution,
which is statistically significant. Importantly, it does not
have weak or negative or cross- loadings. The consistently
high loadings, therefore, offer strong empirical support of

a unidimensional scale format. Such a pattern of results is
reliably indicative to show that all the five items converge
to measure one single, cohesive latent construct, which can
be interpreted as the perceived benefits of energy-efficient
design. Thus, it can be safely assumed that the scale can be
used as a unidimensional scale with no subscales or items
should be deleted. The Constraints to implementation as
shown in Table 6 presents mean ratings for five barriers to
incorporating EEDs, measured on a 4point scale (1=Not a
Barrier to 4 = Severe Barrier).

Table 6. Constraints to incorporating energy-efficient design decisions

Constraint Mean rating Level of barrier
Lack of public awareness of benefits 3.20 High
Client’s budget constraints 3.00 High
Lack of skilled labour 291 MediumHigh
Lack of access to energyeflicient materials 2.82 Medium
Lack of enforcement of compliance during construction 2.77 Medium

Source: author’s computation

The primary barriers to energy-efficient construc-
tion are not purely technical but are rooted in econom-
ic, informational, and regulatory gaps. The highest-rat-
ed constraints suggest that demand-side intervention is
critical, as overcoming the lack of public awareness and
clients’ budget constraints requires policies aimed at
stakeholder education and strengthening the financial
case, for example through incentives, green financing, or
lifecycle cost analysis. At the same time, the presence of

medium-high to medium barriers related to skills, mate-
rials, and enforcement indicates the need for supply chain
and workforce development, including investments in
training, the expansion of local material supply chains,
and the strengthening of oversight mechanisms to ensure
that design intentions are properly implemented during
construction. Table 7 projects the economic mechanisms,
and outcomes associated with each highperformance de-
sign innovation.

Table 7. Projected economic potential of high-performance design innovations

Innovation (predictor)

Primary economic mechanism

Shortterm economic outcome

Longterm macroeconomic
benefit

Passive solar technique
(B=0.510)

Displacement of purchased
electricity for lighting/heating

~ 2540% reduction in lighting/AC
load; reduced utility bills

Fiscal space creation; energy
security (reduced peak demand)

Natural ventilation
(B=0.373)

Elimination/reduction of
mechanical cooling demand

~ 3050% savings on cooling costs;
lower HVAC maintenance

Labour productivity gain (515%
from improved IAQ); reduced
healthcare burden

Site temperature &
shading (3=0.315 &

Microclimate moderation to
reduce heat island effect and

~ 1020% lower cooling energy;
extended building lifespan

Urban resilience; ecosystem
value (carbon sequestration,

amenity

0.175) cooling loads biodiversity)
. o Productivity & health (310%
- 0
Daylighting technique | Direct displacement of artificial el:?r?c/;tS?\gr?}%;nocl;{ll%}ilstlllzig improvement in occupant
(B=0.284) lighting ¥ wellbeing and cognitive

performance)

Source: author’s computation based on beta coefficients and benchmarks from R. Pacheco et al. (2012) and International Energy

Agency (2025)
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The results substantiate EEDs as powerful economic
innovations. The great explanatory power of the model
shows that investments in the identified EEDs give signifi-
cantly predictable returns. The high predictive value of the
passive solar (0.510) and the natural ventilation (0.373)
highlights the value of climate responsive design as a di-
rect measure of financial savings and productivity increase

Baabereyir et al.

in government buildings. These innovations provide the
space that a government badly needs so that it can more ef-
fectively address the existing $2 billion annual energy defi-
cit, and also create a more competent workforce in the gov-
ernment. Table 8 presents a scenario analysis estimating
the annual economic benefits of a national public building
energy efficiency program.

Table 8. Estimated macroeconomic benefits of a national public building energy efficiency program

. Conservative .
Impact category Key metric estimate (annual) Rationale
0, 1 0, 1
Direct fiscal savings Reduced government $2550 million 30% energy use red'uc.tlon across 20% of public
energy expenditure building stock
Productivity Value of increased public .- 3% productivity gain from improved comfort/
$1530 million
enhancement sector output health
Investn}ent &GDP . Green construc.t ton $100200 million Initial capital for retrofits flowing into local sectors
stimulus investment mobilised
Reduced fuel imports & .- .
Energy sector & trade . $1020 million Lowered thermal generation demand
grid stress
Total potential annual Combined direct & - De.nllandmde contribution to mitigating I.JS$2'23
. o $150300 million billion annual energy shortfall (Clean Air Task
economic benefit indirect impact Force, 2025)

Source: author’s computation based on Ministry of Finance of Ghana (2025) and Clean Air Task Force (2025)

Table 8 summarises the estimated annual macroeco-
nomic benefits of a national public building energy efhi-
ciency program, and disaggregated into the four key im-
pact categories. All estimates are given as lower limits and
the overall combined annual benefits have been estimated
to be between 150 million and 300 million. The biggest di-
rect fiscal gain is through reduced government spending
on energy (25-50 million per year), based on a modelled 3%
productivity gain between occupants of the public sector as
a result of increased thermal comfort, lighting, and indoor
air quality parameters empirically related to higher work
output. The largest macroeconomic lever mobilised green
construction investment. Mobilised green construction in-
vestment (100-200 million yearly) is the most significant
macroeconomic lever. This capital inflow is invested in local
supply chains (materials, labour, engineering services) pro-
viding multiplier effects in terms of GDP and employment.

Moreover, there were decreased fuel imports and
gridstess (100-200 million annually). Combined, the to-
tal economic benefit of 150- 300million annually, as a de-
mand-side contribution, will help reduce this US 2.23 bil-
lion annual energy short fall identified by the Clean Air
Task Force (2025). It is noteworthy that all the estimates
are characterised as conservative, which means that the ac-
tual benefits might be higher, in case a larger percentage of
the building stock is retrofitted or energy prices increase.
Policy-wise, Table 8 shows that a public building energy
efficiency program would yield returns in more than one
channel fiscal, productivity, investment, and trade among
macroeconomic channels rather than just reducing utili-
ty bills. The range format (X-Y million) is the only format
that appropriately takes into account uncertainty in uptake
rates, energy price volatility, and productivity measure-
ment, but still provides an actionable order-of-magnitude

direction to be taken in cost-benefit analysis. The pro-
gramme has the potential to generate US$150-300 million
yearly. Green construction investment (US$100-200 mil-
lion) is the greatest benefit followed by direct fiscal savings
(US$25-50 million), productivity gains (US$15-30 mil-
lion), and reduced fuel imports (USs$10-20 million).
These, combined, can help overcome the US 2.23 billion
annual energy deficit in Ghana, which is a macroeconomic
demand side strategy with positive fiscal, productivity and
trade impacts.

The output of PCA empirically confirms the theoreti-
cal bifurcation of the conceptual framework (Fig. 1), as the
EED decisions of architects in Ghana concentrate around
Building Envelope/Orientation Innovations and Site Con-
dition Innovations. This total variance explained (73.6) is
high implying that these two types have most systematic
difference in EED practices. Comparison of possible sav-
ings on the international and regional level. The projected
energy savings in this study (25-50 reduction of building
loads) are in line with the results of similar tropical set-
tings. In Tanzania, it was found out that, green buildings
are capable of saving between 8 to 57 per cent of the an-
nual energy (Islam et al., 2024). E. Ohene et al. (2024)
found that, in Ghana alone, passive design strategies had
the potential to save 34-35% of energy in different climates
against baseline conditions.

A. Khalid & M. Okitasari (2023) also found that, gov-
ernment related barriers are still a serious impediment to
the uptake of green building technologies in Ghana. The
results find correlation with the regression results of the
current study that assigned passive solar technique (0.510),
and natural ventilation (0.373) as the most effective predic-
tors of the energy performance. The current study however
contrasts the relative economic contribution of each design
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innovation unlike the past studies, which mainly concen-
trated on technical feasibility only. Multipliers and crea-
tion of employment. Table 8 estimates of economic bene-
fits of between 150-300 million a year are well supported by
recent global analysis. The World Bank Group (2025) dis-
covered that, on an investment of one dollar in energy effi-
ciency, can provide a payoff of between 3 and 5 dollars, and
can save future energy supply investments by up to $11.6
billion in power savings to an average middle-income na-
tion by 2050. Notably, the report says that, in 2022, energy
efficiency generated the largest number of jobs throughout
the energy industry, with nearly 11 million individuals in
global companies’ workplace in respect of manufacturing,
construction, installation, and support services.

For Ghana, this implies that, a national EED pro-
gram could generate significant formal employment in the
construction, and retrofit sectors for dimension which is
absents from previous Ghanaian studies. Partnership for
Energy efficiency in Buildings (2025) supports this percep-
tion by stating that, 80% of the buildings that will be con-
structed in Africa by the year 2050, will have a one-time
chance of generating employment, lessening the use of en-
ergy, and enhancing the security of energy by green build-
ing. The current researches predicted that mobilised green
construction investment in the range of 100-200 million
dollars (Table 8) would be directly related to such employ-
ment results. Obstacles to adoption: Multiple studies agree.
The conclusion that, economic (Primary barriers) and in-
formational (Table 6) are the main obstacles is strongly
backed by the latest literature.

In a doctoral thesis on net zero carbon buildings in
Ghana, E. Ohene (2024) found a greater initial investment
cost to be the greatest obstacle, then unavailability of skilled
labour, inadequate regulations, and policies, and public
awareness. Similar results were reached by A. Khalid &
M. Okitasari (2023), who assert that, government related
obstacles are significant that, an efficient communication
approaches, regulations backed by the mass, and standards
are crucial promotion techniques. Meanwhile, thematic
analysis of the green certification barriers in Ghana revealed
that, built environment professionals repeatedly mention
cost, insufficient awareness, and inadequate enforcement as
the barriers to the implementation. This paper concurs with
the above authors that, the main challenges are not techni-
cal, but informational and economic. This is the agreement
of numerous studies with significantly different method-
ologies, which enhances the argument of specific policy
interventions. Economic innovation pathway (Fig. 2).

The regression results empirically support the entire
chain illustrated in Figure 2. Figure 2 shows that, EEDs lead
to improved energy performance, which then splits into (a)
Productivity & Fiscal Benefits and (b) Green Market Stim-
ulus, finally converging on Macroeconomic Resilience.
The strong predictive power of passive solar (f =0.510),
and natural ventilation (f=0.373) directly feeds the fiscal
savings leg: a 25-50% load reduction translates into lower
government utility bills, creating fiscal space. Meanwhile,

improved indoor environmental quality supports the
5-15% labour productivity gains documented by the Inter-
national Energy Agency (2025) and J. Allen et al. (2022).
The Green Market Stimulus leg is evidenced by estimat-
ed $100-200 million in mobilised green construction in-
vestment (Table 8), which would stimulate demand for
local materials, skilled labour, and efficient technologies.
Thus, Figure 2 is not merely a diagram, it is an empirically
grounded causal chain where each link is quantified by the
beta coefficients and projected outcomes. The productivity
pathwayitselfis supported by emerging Ghanaian evidence.

An importance-performance analysis of an EDGE-cer-
tified office building in Ghana found that, occupants prior-
itise temperature, air quality, and humidity exactly the IEQ
factors improved by passive solar and natural ventilation
(Zhong et al., 2023). A.-M. Sadick (2020) found significant
differences in job satisfaction and self-reported productiv-
ity based on IEQ factors among university employees in a
tropical African climate. These findings extend J. Allen et
al. (2022) controlled-study evidence from high-income
countries to Ghana, suggesting similar mechanisms oper-
ate across different economic contexts. Finally, the scenario
analysis (Table 8) projects annual benefits of $150-300 mil-
lion, which would offset 7-13% of Ghana’s US$2.23 billion
annual energy sector deficit reported by Clean Air Task
Force (2025). This demonstrates that, demand-side effi-
ciency can meaningfully complement supply-side expan-
sions. However, the study acknowledges with G. Tettey et
al. (2025), and P. Albrecht & M. Gravesen (2023) that, an
implementation gap persists: policy goals exist, but are
not realised due to weak coordination, fragmented regu-
lations, and insufficient enforcement. The disconnect be-
tween technical feasibility and policy implementation mir-
rors broader regional patterns. In this context, the present
study provides the empirical basis quantified beta coeffi-
cients and projected macroeconomic benefits to elevate
energy-efficient architecture from a technical specialism to
a central pillar of national fiscal policy.

Conclusions

The research found that the response rate of 60.0% (72
valid responses out of 120 distributed questionnaires) is
reasonable to conduct a professional survey of registered
architects in Ghana. They discovered that, the decisions
in energy efficient design by the architects are clustered
around two empirically validated innovation themes,
Building Envelope/Orientation Innovations (explaining
64.4% of the variance) and Site Condition Innovations (ex-
plaining another 9.2% of the variance of design strategies).
The research determined that, there are five design choices
that are statistically significant predictors of building ener-
gy performance.

The total amount of variance in the energy perfor-
mance attributed to passive solar technique (B = 0.510),
natural ventilation (B=0.373), site temperature considera-
tion (P =0.315), daylighting technique (p =0.284), and site
shading strategy (p=0.175) was 81.7%. The most commonly
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used design innovations were site temperature analysis
(mean = 4.64), passive solar technique (mean = 4.58) and
natural ventilation (mean =4.56). It was further discovered
that, the major barriers to adoption are economic, and in-
formational: lack of public awareness (mean = 3.20), and
client budget constraints (mean = 3.00) are high barriers,
and skilled labour (2.91), material access (2.82), and en-
forcement (2.77) are medium to medium high. The Scenar-

Baabereyir et al.

macroeconomic modelling of the nationwide retrofit pro-
grammes using computable general equilibrium models;
exploring new financing models like the Energy Service
Company, green bonds, and public private partnerships;
longitudinal studies of actual energy performance, and pro-
ductivity results; and cross country research on West Africa
to determine the sensitivity of policy and market contexts.

io analysis estimated that, a national public building energy =~ Acknowledgements
efficiency programme would result in economic savings of ~ None.

between 150-300 million per annum, in compensation of

the estimated 7-13% of the estimated 2.23 billion per an-  Funding

num of the Ghanaian energy sector deficit. None.

Future research opportunities consist of: more cost
benefit analysis in the five most popular design strate-
gies in various building types (schools, hospitals, offices);
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AHOTALA. MeTo0 LbBOro HOCTIIKEHHS OylI0 BUBYEHHs eHeproe(eKTUBHOrO apXiTeKTYPHOTO IPOEKTYBAHHS 5K
CTPATErivHOro iHCTPYMEHTY €KOHOMIYHOI IOMITMKM Ta iHHOBALiil, 3 METOI J0r0 BUKOPMCTAHHSA YIS IIOJOTAHHSA
€HepreT4HoI Kpysy B laHi IIAXOM CTUMYMIOBaHHA €KOHOMIYHMX iHHOBAIil Ta (l)iCKaano'l' CTIMIKOCTI y 6y;[iBean0My
cexropi. OnuryBanna 120 sapeecTpoBaHux apxirekropi y lani (kinbkicHe mocmimxeHH:) mano 72 pificHi Binmosinmi
(piBenp Bigryky 60,0 %). Buxopucrani MeTomy BKIIIOYaIM ONMCOBY CTAaTVUCTUKY, Kopenduilo ITipcoHa, MHOXWHHY
JiHiIHY perpecito Ta paKTOpHUIT aHaJIi3 TOJIOBHMX KOMIIOHEeHTiB. PaKTOpHWIT aHaIi3 I0Ka3aB HAsABHICTb JBOX OCHOBHMX
inHOBaLiliHMX TeM: OygmiBebHa 000MOHKa/opieHTania (64,4 % mucmepcii) Ta pilleHHS OO YMOB MalifaHuMka (Ie
9,2 % mucnepcii) i3 Bucokoro HapiinicTio mkamu (Kponbax o =0,90). baraToBuMipHa KOHCTPYKIis pesynbrariB 6yia
i TBepIPKeHa, IPUYOMY IIOKA3HUKY eHepreTUYHOI epeKTMBHOCTI 3aBaHTaXXYBa/IVCA Ha OAVH (PaKTOp, AKMIL IOACHIOBAB
80,5 % mucnepcii. Perpeciiinuit aHai3 BUABMB II' AThb IIPEANKTOPIB eHepreTMYHOI epeKTUBHOCTI, AKi nosAcHoBam 81,7 %
myucrepcii: macuBHe coHA4He onaneHHA (P =0,510), mpupopgua BeHTwIAnia (B =0,373), TeMIeparypa Ha MaliJaHYNKy
(B=0,315), nenne ocsiTnenns (P =0,284) Ta sarinenna maitganuuka (f=0,175) 3a cTaHEapTU30BaHUM KoedillieHTOM
perpecil. OcHoBHMMM 6ap’epaMy BUABWINCH €KOHOMiuHi Ta iHoOpManiiiHi: BifCyTHICTP 3HaHb y TPOMAaACHKOCTI
(cepenue=3,20/4) Ta 6romKeT Kkiienra (cepenHe =3,00/4), 110 BBaXKar0ThCsI 3HAYHUMU epenikofamu. Kno4oBi BUCHOBKM
II0KA3yI0Tb, 1[0 iHHOBALil Y IPOEKTYBaHHI MOXXYTb 3a0e3IedYNnTy eKOHOMiI0 25-50 % eHeprocroxupaHHA OyniBesb, a
TaKOXX ITOB’sI3aHi 3 IPORYKTMBHICTIO pai Ha 5-15 %. ClieHapHWIT aHaJIi3 IPOrHO3YE, 110 IpY IIMPOKOMY BIIPOBaJKeHHI
piuHi eKOHOMIUHi BuroaM MOXYTb HocArty 150-300 MinbiioHIB fomapiB, BKIOYar04y NpsAMi icKaabHi 3aolja/pKeHHA
(25-50 MiIH), MigBNIIEHHA NPORYKTUBHOCTI (15-30 M/IH), 3a/my4eHHs iHBecTUIil y 3e/1eHe OyaiBEMITBO (100-200 MIH) Ta
3MeHIIeHHA iMIIopTy majmBa (10-20 MIIH), 1[0 KOMIIEHCYE 7-13 % piyHOro eHepreTYHOro gedinnry

KAIO4OBi CAOBQ: cramuii pOSBUTOK; MiBUINIEHHS NPOAYKTMBHOCTI; 3€/IeHl IHBeCTuIil; KaiMaTo-aJalTUBHE
IUIaHyBaHHA; (icka/JbHa IOTiTHKa
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