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ABSTRACT: Rapid urban expansion in Mbeya City has increased demand for commercial buildings that balance 

economic viability with sustainability. This study evaluates the cost-effectiveness and energy efficiency of 

retrofitting a mid-rise commercial building with measures such as LED lighting, inverter-based HVAC systems, 

and rooftop solar PV. Using building performance records, utility bills, and stakeholder interviews, the analysis 

applied cost-benefit and life-cycle methods to assess financial and operational impacts. Results show a 22% 

reduction in electricity consumption and energy use intensity, with retrofit investments representing 8-15% of 

capital costs and achieving payback within five years. The rooftop solar system contributed 7% of total demand, 

while lighting upgrades delivered the largest savings. These findings confirm that targeted retrofits are both 

technically feasible and financially attractive in Tanzania’s commercial sector. Broader adoption, however, 

requires stronger regulatory enforcement and accessible green financing to scale energy-efficient practices across 

urban developments. 
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I. INTRODUCTION 

Tanzania is experiencing rapid urbanization, with 

cities such as Mbeya undergoing significant 

demographic and spatial growth. Urban expansion has 

been shown to reshape national development priorities 

and intensify demand for modern infrastructure [1]. 

Mbeya, with a population exceeding 500,000 according 

to the 2022 census, has emerged as one of the fastest-

growing urban centers in the southern highlands. This 

growth has driven demand for commercial buildings, 

including offices, retail centers, and mixed-use 

developments, which in turn has increased energy 

consumption and placed pressure on the national grid 

[2]. 

The commercial building sector in Tanzania is 

characterized by high energy intensities and thermal 

inefficiencies. National energy balance data indicate 

that commercial buildings are among the highest 

consumers of electricity, largely due to extended 

operating hours and reliance on artificial lighting and 

cooling systems [3]. Most structures are constructed 

using conventional materials such as concrete blocks 

and corrugated roofing, which are affordable but 

thermally inefficient [4]. Energy audits reveal that 

typical commercial buildings consume more than 80 

kWh/m²/year, nearly double the international 

benchmarks for energy efficiency. This technical 

performance gap results in high operating costs, 

unstable indoor comfort, and elevated greenhouse gas 

emissions. Addressing this challenge requires both 

passive design strategies-such as orientation, natural 

ventilation, and daylighting-and active measures, 

including efficient lighting, HVAC systems, and 

renewable energy integration [5]. 

Although the technical solutions are well 

established, adoption in Tanzania remains limited. 

Barriers include high upfront costs, lack of technical 

expertise, and weak regulatory enforcement. 

Developers often underestimate the long-term financial 

benefits of energy-efficient retrofits, while financial 

institutions rarely provide green financing products. 

Furthermore, architectural practices have not 

consistently integrated energy efficiency into design, 

despite global recognition of its importance in 

mitigating climate impacts [6]. While the National 

Energy Efficiency Strategy 2024-2034 outlines 

measures such as mandatory audits and performance 

standards, implementation remains slow, and 

enforcement mechanisms are weak [7]. As a result, 

most commercial buildings continue to operate with 

inefficient systems, locking in high energy demand and 

costs. 

This study contributes to closing that gap by 

providing localized empirical evidence from a 

retrofitted mid-rise commercial building in Mbeya City. 

The novelty lies in combining technical performance 

evaluation with economic and policy analysis in a 

Tanzanian context, where such integrated case studies 

remain scarce. Specifically, the research investigates 

three questions: (1) What energy savings can be 

achieved through targeted retrofits in a typical Mbeya 

commercial building? (2) Are these measures 
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financially viable under Tanzanian market conditions 

when assessed through life-cycle cost analysis? (3) How 

do the findings inform national energy efficiency 

strategies and building codes? 

By sharpening the engineering problem, situating 

the case study within its local context, and explicitly 

stating its contribution, this paper demonstrates that 

energy-efficient retrofits are both technically feasible 

and economically attractive in Tanzania’s commercial 

sector, and highlights the institutional reforms needed 

to scale their adoption. 

 

II. LITERATURE REVIEW 

Energy efficiency in buildings has emerged as a 

global priority in response to climate change, rising 

energy costs, and rapid urbanization [8]. According to 

the International Energy Agency, buildings account for 

nearly 30% of global energy consumption and 28% of 

energy-related CO₂ emissions [9]. These figures 

underscore the critical role that the building sector must 

play in achieving climate targets. In response, countries 

have adopted building energy codes, green certification 

systems, and financial incentives to promote energy-

efficient construction and retrofitting [10]. 

Energy efficiency strategies are typically 

categorized into passive and active measures. Passive 

strategies involve architectural decisions such as 

building orientation, natural ventilation, and thermal 

insulation. These are particularly effective in tropical 

and subtropical climates where cooling loads dominate 

energy use. Active strategies include efficient lighting, 

HVAC systems, and renewable energy technologies 

such as solar photovoltaic panels [11]. 

Cost-effectiveness is a major factor influencing the 

adoption of energy-efficient technologies, especially in 

developing countries [12]. Life-cycle cost analysis is 

widely used to evaluate the economic viability of 

energy-saving measures by comparing initial 

investment costs with long-term operational savings 

[13]. Studies have shown that energy-efficient buildings 

often achieve payback within five to ten years and 

deliver substantial savings over their lifespan [14]. 

In Sub-Saharan Africa, the adoption of energy-

efficient building practices is still limited. Most 

buildings are constructed using conventional materials 

and methods that prioritize affordability over 

performance [15]. However, there are promising 

examples of green building initiatives in countries such 

as Kenya, Rwanda, and South Africa. These include the 

development of green building councils, the 

introduction of energy codes, and the implementation of 

pilot projects that demonstrate the feasibility of 

sustainable design [16]. 

Tanzania has made some progress in promoting 

energy efficiency. The Tanzania Energy Efficiency 

Action Plan outlines a roadmap for improving energy 

performance in buildings, industries, and public 

institutions. The plan includes measures such as 

mandatory energy audits, capacity building, and the 

development of minimum energy performance 

standards. However, implementation has been slow, 

and enforcement mechanisms remain weak [17] 

Commercial buildings in Tanzania present a 

significant opportunity for energy savings. These 

buildings typically have high energy intensities due to 

extensive use of lighting, air conditioning, and 

electronic equipment [18]. A study by Kabanda and 

Mwakalinga found that most commercial buildings in 

urban Tanzania lack basic energy-saving features such 

as insulation, efficient lighting, or zoning controls. As a 

result, operational costs are high and indoor 

environmental quality is often poor. 

Despite these challenges, there is growing interest 

in sustainable building practices among Tanzanian 

stakeholders. Universities are incorporating green 

design into their curricula, NGOs are conducting 

awareness campaigns, and some developers are 

experimenting with solar energy and efficient 

appliances. These efforts are supported by international 

organizations such as UN-Habitat, which has launched 

programs to promote energy efficiency in East African 

cities [19]. 

These literatures highlights both the potential and 

the barriers to energy-efficient building design in 

Tanzania. While the technical solutions are well 

understood, their adoption depends on local capacity, 

regulatory frameworks, and financial incentives. This 

paper contributes to the discourse by providing 

empirical evidence from a real-world case study in 

Mbeya. 

 

III. METHODOLOGY 

This study employs a qualitative case study 

approach to evaluate the cost-effectiveness and energy 

efficiency of retrofitting strategies for a mid-rise 

commercial building in Mbeya City. The case-study 

method was chosen because it allows for in-depth 

analysis of real-world conditions and is particularly 

suited to exploring complex, context-dependent 

phenomena [20]. The selected building is a four-story, 

mixed-use commercial structure located in the central 

business district. It was chosen because it represents the 

typical   construction   typology   in   urban   Tanzania-
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reinforced concrete, hollow blocks, corrugated roofing, 

and aluminum-framed windows-and because its high 

energy intensity made it a suitable candidate for retrofit 

evaluation. While this single case provides valuable 

insights, its generalizability is acknowledged as 

limited. Primary data were collected through structured 

interviews with building managers, engineers, and 

tenants. These interviews explored motivations for 

retrofitting, perceived benefits, and operational 

changes post-intervention [21]. On-site observations 

were conducted to assess the building's physical 

condition and the functionality of installed systems. 

Secondary data included architectural drawings, utility 

bills, and maintenance logs [22]. 

A life-cycle cost analysis was used to evaluate 

financial viability [23]. This method considers all costs 

associated with a building system over its expected life 

span, including capital, operation, maintenance, and 

replacement costs. The analysis used a 25-year time 

horizon and a 6% real discount rate. Key financial 

indicators included the net present value, the internal 

rate of return, and the payback period [24]. 

Energy efficiency was assessed using Energy Use 

Intensity (EUI), measured in kWh/m²/year. EUI was 

calculated as: 

𝐸𝑈𝐼 =
Annual Electricity Consumption (kWh)

Gross Floor Area (m
2

)
 

 Where annual electricity consumption represents 

the total energy used within one year, and gross floor 

area refers to the total conditioned building area. This 

metric normalizes energy consumption relative to 

building size, allowing meaningful comparisons across 

different buildings. The calculated EUI values were 

then compared to national and international 

benchmarks to assess relative performance [25]. 

 Interview data were analyzed thematically to 

capture perceptions of the impacts of retrofitting. 

Tenants reported improved lighting quality, more 

stable indoor temperatures, and reduced noise from 

HVAC systems. These qualitative insights were 

integrated into the results to complement quantitative 

findings, highlighting non-financial benefits such as 

comfort and productivity [26]. 

Finally, the study reviewed relevant policy 

documents to understand the regulatory context. These 

included the Tanzania Energy Efficiency Action Plan 

and the National Building Code. This policy analysis 

helped identify institutional gaps and informed the 

recommendations presented later in the paper [27]. 

 

A. OVERVIEW OF MBEYA CITY 

Mbeya City is located in the southern highlands of 

Tanzania and serves as the administrative and 

economic center of the Mbeya Region. The city is 

strategically positioned along the Tanzania-Zambia 

Highway and the TAZARA railway, making it a key 

transit and trade hub for the Southern African 

Development Community (SADC) region [28]. 

According to the 2022 national census, Mbeya’s 

population has exceeded 500,000, reflecting rapid 

urban growth over the past two decades [29].  

 
Fig 1. Location of the Mbeya region [30] 

The city’s urban landscape is a mix of formal and 

informal development. While the central business 

district features multi-story commercial buildings, 

banks, and government offices, the outskirts are 

dominated by informal settlements and peri-urban 

agriculture [31]. Mbeya’s master plan outlines zoning 

regulations and infrastructure development goals, but 

implementation has been inconsistent due to limited 

municipal capacity [32]. 

Mbeya’s climate is classified as subtropical 

highland, with moderate temperatures and significant 

rainfall throughout the year. Average daytime 

temperatures range from 15°C to 25°C, and annual 

precipitation exceeds 1,000 mm [33]. These conditions 

reduce the need for mechanical cooling but require 

careful attention to moisture control and ventilation 

design [34]. The city’s energy infrastructure is 

primarily dependent on the national grid, which is 

supplied by a mix of hydropower and thermal 

generation [35]. Despite recent investments in 

electrification, power outages and voltage fluctuations 

remain common, especially during the rainy season. 

Many commercial buildings rely on diesel generators 

for backup power, thereby increasing operational costs 

and contributing to air pollution [36]. 
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Commercial buildings in Mbeya vary widely in 

terms of design and energy performance. Most are 

constructed using concrete blocks, corrugated metal 

roofing, and aluminum-framed windows, which offer 

limited thermal insulation. Few buildings incorporate 

energy-saving features such as insulation, shading 

devices, or efficient lighting systems[37]. Despite these 

challenges, there is growing awareness of sustainable 

building practices in Mbeya. Local universities have 

introduced courses in green architecture and renewable 

energy, and NGOs are promoting energy efficiency 

through pilot projects and training programs [38]. 

These efforts are beginning to influence both the public 

and private sectors. 

 
B. CASE STUDY: A TYPICAL COMMERCIAL BUILDING IN 

MBEYA CITY 

The case study focuses on a mid-rise commercial 

building located in Mbeya’s central business district. 

Constructed in 2012, the building serves multiple 

functions, including office spaces, retail outlets, and 

conference facilities [39]. With a total floor area of 

approximately 2,500 square meters across four stories, 

it is representative of the mixed-use commercial 

typology common in Tanzanian cities [40]. 

 

Fig 2. A typical commercial building located at Soko Matola, Mbeya CBD 

The building was originally constructed using 

reinforced concrete and hollow concrete blocks, with a 

corrugated metal roof and aluminum-framed windows 

[41]. These materials are affordable and widely used in 

Tanzania, but offer limited thermal insulation [42]. The 

original design lacked passive cooling features such as 

cross-ventilation, shading, or thermal massing. An 

energy audit conducted in 2021 revealed that the 

building consumed an average of 18,000 kWh per 

month, translating to an energy use intensity (EUI) of 

86 kWh/m²/year. This figure is significantly higher 

than international benchmarks for energy-efficient 

commercial buildings. The building’s monthly 

electricity bill averaged TZS 3.5 million, a substantial 

operational cost for the owner [43]. 

In response, the owner initiated a retrofitting 

project between 2021 and 2023 [44]. The interventions 

included replacing incandescent and fluorescent 

lighting with LED fixtures, installing motion sensors in 

common areas, and upgrading air conditioning units to 

inverter-based systems [45]. A 10 kW rooftop solar 

photovoltaic system was also installed to supplement 

grid electricity [46]. The retrofitting process was 

phased to minimize disruption to tenants. The lighting 

upgrade was completed first, followed by HVAC 

improvements and the solar installation. The total cost 

of the project was approximately TZS 45 million (USD 

18,000), financed entirely by the building owner [47]. 

Post-retrofit monitoring showed a 22% reduction 

in monthly electricity consumption, lowering the EUI 

to 67 kWh/m²/year. The solar PV system generated 

about 1,200 kWh per month, covering 7% of the 

building’s total energy demand. Tenants reported 

improved lighting quality, more stable indoor 

temperatures, and reduced noise from air conditioning 

units [48]. Despite these improvements, challenges 

remained. The building’s orientation and window-to-

wall ratio limited the effectiveness of natural 

ventilation and daylighting [49]. The lack of insulation 

in the roof and walls continued to contribute to thermal 

inefficiency [50]. Additionally, the absence of a 

building management system meant that energy use 

was not continuously monitored [51]. 

Nonetheless, the case study demonstrates that 

even modest retrofitting measures can yield significant 

energy and cost savings in Tanzanian commercial 

buildings [52]. It also highlights the importance of 

integrating energy efficiency into the design phase 

rather than relying solely on post-construction 

interventions [53]. 

 
C. COST-EFFECTIVENESS ANALYSIS 

Evaluating the cost-effectiveness of energy-

efficient interventions is essential for understanding 

their financial viability and encouraging broader 

adoption in Tanzania’s commercial building sector 

[54]. In the Mbeya case study, the total cost of 

retrofitting was approximately TZS 45 million, 

equivalent to around USD 18,000 at the time of 

implementation. This investment covered the purchase 

and installation of LED lighting, motion sensors, 

inverter-based air-conditioning units, and a 10-kW 

rooftop solar photovoltaic system. To assess financial 

viability, a life-cycle cost analysis (LCCA) was 

conducted over a 25-year period. This method accounts 
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for all costs associated with a building system over its 

expected lifespan, including capital, operation, 

maintenance, and replacement costs [55]. A real 

discount rate of 6% was applied, consistent with 

international standards for building performance 

evaluation [56]. 

Post-retrofit data showed an average monthly 

energy cost reduction of TZS 770,000, translating to 

annual savings of over TZS 9.2 million. The annual 

savings were calculated as: 

Annual Savings = Monthly Savings × 12 

= 770,000 × 12 = 9,240,000 TZS/year 

 

When discounted over 25 years, the Net Present 

Value (NPV) of these savings was estimated using: 

𝑁𝑃𝑉 = ∑
Annual Savings

(1+𝑟)𝑡

25

𝑡=1

− 𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 

 

where 𝑟is the discount rate and 𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙is the initial 

investment cost. The discounted value of savings was 

approximately TZS 104 million. This figure is more 

than double the initial investment, indicating a strong 

return on investment. 

The Internal Rate of Return (IRR) was calculated 

as the discount rate that satisfies: 

0 = ∑
Annual Savings

(1+𝐼𝑅𝑅)𝑡

25

𝑡=1

− 𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 

 

The IRR was 14%, indicating the project yields a 

14% annual return over its lifecycle. 

The simple payback period was determined using: 

Payback Period =
𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙

Annual Savings
 

 

The payback period was just under five years [57]. 

These results are consistent with findings from other 

studies in Sub-Saharan Africa, which have shown that 

energy-efficient retrofitting can be economically viable 

even in low-income contexts [58]. Lighting and HVAC 

upgrades typically have payback periods of three to 

seven years, depending on building type and usage 

patterns [59]. 

In addition to direct financial benefits, the 

retrofitting measures yielded several indirect 

advantages. Improved lighting and thermal comfort 

contributed to higher tenant satisfaction, which can 

lead to increased occupancy rates and rental income. 

The building’s enhanced energy performance also 

reduced its environmental footprint, aligning it with 

emerging green building standards and potentially 

increasing its market value [60]. However, the analysis 

also revealed some limitations. The lack of access to 

concessional financing or government incentives 

meant that the entire investment burden fell on the 

building owner. This is a common barrier in Tanzania, 

where green financing mechanisms are still 

underdeveloped [61]. Additionally, the absence of a 

building management system limited the ability to 

track and optimize energy use in real time [62]. 

Despite these challenges, the case study provides 

compelling evidence that energy-efficient retrofitting 

can be both technically feasible and financially 

attractive in the Tanzanian context. The key to 

maximizing cost-effectiveness lies in strategic 

planning, early integration of efficiency measures, and 

access to affordable financing [63]. 

 
D. ENERGY EFFICIENCY EVALUATION 

The evaluation of energy efficiency in the Mbeya 

commercial building was conducted using both 

quantitative and qualitative metrics. The primary 

quantitative indicator was energy use intensity (EUI), 

measured in kilowatt-hours per square meter per year 

(kWh/m²/year) [1], [64]. Before retrofitting, the 

building recorded an EUI of 86 kWh/m²/year, which is 

significantly higher than the international benchmark 

of 40-60 kWh/m²/year for energy-efficient commercial 

buildings. After implementing energy-saving 

measures, the EUI dropped to 67 kWh/m²/year, 

representing a 22% improvement in overall energy 

performance. The most impactful intervention was the 

replacement of traditional lighting systems with LED 

fixtures. Lighting accounted for nearly 40% of the 

building’s total electricity consumption prior to 

retrofitting [65].  

The installation of motion sensors in common 

areas, such as hallways and restrooms, further 

enhanced efficiency by ensuring that lights were active 

only when needed [66]. The building’s HVAC system 

was another major contributor to energy consumption. 

The original air conditioning units were outdated and 

operated at fixed speeds, leading to frequent cycling 

and energy waste [67]. These were replaced with 

inverter-based systems that adjust compressor speed in 

response to cooling demand. This technology 

significantly reduces energy use under partial-load 

conditions, which are common in office environments 
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[68]. A zoning strategy was also implemented, 

allowing different sections of the building to be cooled 

independently based on occupancy patterns [69]. 

Natural ventilation and daylighting were 

enhanced through architectural modifications. 

Operable windows were enlarged, and light shelves 

were installed to redirect sunlight deeper into interior 

spaces. These changes reduced reliance on artificial 

lighting during daylight hours and improved indoor air 

quality [70]. 

 

Fig 3.  Natural ventilation and daylighting through architectural 

modifications[71] 

The rooftop solar photovoltaic system contributed 

to the building’s energy efficiency by generating 

approximately 1,200 kWh per month. This accounted 

for about 7% of the building’s total energy demand and 

provided a reliable source of electricity during grid 

outages. The solar system also reduced the need for 

diesel generators, which are costly to operate and 

environmentally harmful [72], [73]. 

Qualitative assessments were conducted through 

interviews and surveys with building occupants. 

Tenants reported improved lighting quality, more 

stable indoor temperatures, and reduced noise from air 

conditioning units [73]. These improvements 

contributed to higher levels of comfort and 

productivity, which are important but often overlooked 

aspects of building performance. 

Despite these gains, the evaluation revealed areas 

for further improvement. The building still lacks 

thermal insulation in its roof and walls, which limits the 

effectiveness of both passive and active cooling 

strategies [74]. Additionally, the absence of a building 

management system means that energy performance is 

not continuously monitored, reducing opportunities for 

real-time optimization and fault detection [75]. 

 

IV. RESULTS AND DISCUSSION  

The findings from the Mbeya case study highlight 

the complex relationship between design decisions, 

operational performance, and economic outcomes in 

commercial buildings. The retrofitting measures 

implemented, such as LED lighting, inverter-based 

HVAC systems, and rooftop solar, demonstrated clear 

benefits in terms of reduced energy consumption and 

improved occupant comfort [76]. These outcomes align 

with global evidence showing that energy-efficient 

buildings can achieve substantial operational savings 

when properly designed and maintained [77]. 

However, the case also revealed persistent barriers 

to widespread adoption. The initial capital outlay, 

although modest by international standards, was a 

significant burden for the building owner. This reflects 

a broader challenge in Tanzania, where access to 

affordable financing for green building projects 

remains limited. Without targeted financial instruments 

such as green bonds or concessional loans, many 

developers are unlikely to prioritize energy efficiency 

[78]. 

Another key issue is the lack of technical expertise 

and institutional support. Many professionals in the 

construction sector are unfamiliar with energy 

modeling tools, passive design strategies, or green 

certification systems. This skills gap limits the ability 

to design and implement high-performance buildings. 

Moreover, Tanzania’s building codes do not currently 

mandate energy efficiency standards, leaving 

compliance largely voluntary [79]. 

The case also underscores the importance of 

integrating energy efficiency from the earliest stages of 

building design [80]. Many of the retrofitting measures 

were constrained by the building's original layout and 

orientation, which were not optimized for passive 

strategies. Early integration enhances performance and 

reduces the cost of later modifications [81]. 

Policy and governance emerged as critical factors 

influencing adoption. While Tanzania has developed 

strategic documents such as the Energy Efficiency 

Action Plan, implementation remains uneven due to 

limited enforcement capacity [82]. Strengthening 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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institutional frameworks and fostering public-private 

partnerships are essential to scaling up energy-efficient 

construction. 

The case illustrates the potential for energy-

efficient buildings to contribute to broader 

sustainability goals [83]. By reducing energy demand 

and emissions, such buildings support Tanzania’s 

commitments under the Paris Agreement and its 

Nationally Determined Contributions [84]. They also 

enhance economic resilience and improve the quality 

of life for urban residents. 

 

Tbl 1. Comparative Results  

Intervention Pre-retrofit 

Performance 

Post-retrofit 

Performance 

Improvement (%) 

Energy Use Intensity (EUI) 86 kWh/m²/year 67 kWh/m²/year 22% 

Monthly Electricity Use 18,000 kWh 14,040 kWh 22% 

Monthly Electricity Cost TZS 3.5 million TZS 2.73 million 22% 

Solar PV Contribution  0 kWh 1,200 kWh +7% coverage 

Payback Period N/A 5 years - 

Net Present Value (NPV) N/A TZS 104 million - 

Internal Rate of Return N/A 14% - 

The quantitative results show that lighting 

upgrades had the greatest impact, cutting electricity use 

by nearly 40% in the lighting load alone. HVAC 

improvements further minimized energy waste at 

partial loads, while solar PV added resilience to grid 

instability [85]. 

The Energy Use Intensity (EUI) was calculated by 

dividing the building’s annual electricity consumption 

by the total floor area (2,500 m²). Annual electricity 

consumption was obtained from monthly consumption 

multiplied by 12: 

Annual Electricity Consumption

= Monthly Consumption × 12 

 

𝐸𝑈𝐼 =
Annual Electricity Consumption (kWh)

2,500 m2
 

 

Annual savings of TZS 9.2 million were 

discounted over a 25-year horizon using a 6% real 

discount rate. The Net Present Value (NPV) was 

calculated using the standard discounted cash flow 

formula: 

𝑁𝑃𝑉 = ∑
Annual Savings

(1+𝑟)𝑡

25

𝑡=1

 

 

where 𝑟 = 0.06 and 𝑡 represents each year of the 

project life. The resulting NPV was estimated at TZS 

104 million. 

Qualitative feedback from tenants confirmed 

improvements in comfort, productivity, and 

satisfaction, which, in turn, enhance building value and 

occupancy rates. However, limitations such as a lack of 

insulation and the absence of a building management 

system constrained further efficiency gains [86]. 

Energy-efficient retrofits in commercial buildings can 

pay for themselves within 3-7 years, even in resource-

limited settings[87].  

The Mbeya case study demonstrates the tangible 

benefits of moderate retrofitting measures in 

commercial buildings, particularly in resource-

constrained contexts such as Tanzania. The 

interventions implemented LED lighting, inverter-

based HVAC systems, and rooftop solar PV, which 

produced a 22% reduction in electricity consumption 

and a favorable payback period of under five years 

[88]. These results confirm that targeted retrofits can be 

economically viable even without external financing, 

thereby offering a practical model for similar mid-rise 

commercial buildings across Tanzanian cities. 

Beyond the immediate case, the findings highlight 

several broader lessons. First, the economic viability of 

efficiency measures suggests that replication is feasible 

across comparable building types, especially those with 

high lighting and cooling loads. However, the building 

owner's reliance on self-financing underscores a 

systemic barrier: without accessible green financing 

instruments, the scalability of such retrofits remains 

limited [89]. This case, therefore, illustrates both the 
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potential and the constraints of adopting energy 

efficiency in Tanzania’s commercial sector. 

Second, the engineering significance of the 

interventions lies in their ability to reduce energy waste 

during partial loads and improve occupant comfort. 

Yet, the absence of insulation and the building’s 

orientation limited the effectiveness of passive 

strategies. This reinforces the critical importance of 

integrating efficiency measures at the design stage 

rather than relying solely on post-construction retrofits 

[90]. The Mbeya case thus extends earlier studies by 

demonstrating that while retrofits can yield substantial 

savings, their impact is constrained by initial design 

decisions. 

Third, the results align with regional evidence 

from Kenya and South Africa, where similar retrofits 

have achieved payback periods of three to seven years. 

By confirming these trends in the Tanzanian context, 

the study contributes localized empirical data that has 

been largely absent from the literature. At the same 

time, the findings differ from some international 

benchmarks, where energy use intensities of 40-60 

kWh/m²/year are common. The Mbeya building’s post-

retrofit EUI of 67 kWh/m²/year, though improved, 

remains above these benchmarks, indicating that 

further efficiency gains are possible with more 

comprehensive interventions [91]. 

 

V. CONCLUSION 
This study has explored the cost-effectiveness and 

energy efficiency of retrofitting strategies in a typical 

commercial building in Mbeya City, Tanzania. 

Through a detailed case analysis, it has been 

demonstrated that even modest interventions such as 

upgrading lighting systems, improving HVAC 

efficiency, and integrating solar photovoltaic 

technology can lead to significant reductions in energy 

consumption and operational costs. The building’s 

energy use intensity was reduced by 22%, and the 

investment achieved a favorable payback period of 

under five years. Beyond the quantitative savings, the 

retrofitting measures also enhanced indoor 

environmental quality, contributing to improved 

occupant comfort, satisfaction, and productivity. These 

qualitative benefits are essential for the long-term 

viability of commercial properties, especially in 

competitive urban markets like Mbeya. However, the 

study also revealed persistent challenges, including 

limited access to green financing, a lack of technical 

expertise, and weak enforcement of energy efficiency 

standards. 

Addressing these barriers requires a coordinated 

effort among policymakers, financial institutions, 

developers, and educators. Strengthening regulatory 

frameworks, expanding access to affordable financing, 

and building technical capacity across the construction 

sector are critical steps toward mainstreaming energy-

efficient design. Public awareness campaigns and data-

driven monitoring systems can further support this 

transition by fostering a culture of sustainability and 

accountability. As Tanzania continues to urbanize, the 

demand for commercial space will grow. Ensuring that 

this growth is energy-efficient is not only economically 

prudent but also environmentally necessary. The 

insights from this case study offer a practical model for 

other cities in Tanzania and across Sub-Saharan Africa. 

Energy-efficient buildings are no longer optional; they 

are a strategic imperative for a resilient, low-carbon, 

and inclusive urban future 

 

VI. RECOMMENDATIONS 
Based on the findings of this study, several 

strategic recommendations can be made to promote 

energy efficiency in Tanzania’s commercial building 

sector. 

a) Institutionalize Building Energy Standards and 

Certification. Tanzania should adopt mandatory 

Minimum Energy Performance Standards (MEPS) 

for commercial buildings and integrate them into 

planning permissions, occupancy permits, and 

utility approvals. A national energy code tailored to 

local climatic and market conditions must be 

developed. This should be reinforced by a 

government-backed Green Building Certification 

Scheme and Energy Performance Certificates 

(EPCs) to increase transparency and drive energy-

conscious property investment. 

b) Strengthen Technical Expertise in the Construction 

Sector. A major limitation identified is practitioners' 

lack of familiarity with energy modeling tools (e.g., 

DesignBuilder, eQUEST), passive design methods, 

and green certification systems. Reforming 

curricula in engineering, architecture, and building 

science programs and launching continuous 

professional development (CPD) initiatives will 

address this skills gap [84]. Establishing a network 

of Energy Efficiency Champions to mentor peers 

and share best practices can further promote market 

transformation. 

c) Expand Access to Affordable Financing 

Instruments. The case study showed that even 

modest capital outlays can be prohibitive. Tanzania 

should introduce concessional loans for retrofitting 

through commercial banks such as CRDB and 

NMB, backed by government guarantees [92]. 

Green bonds and blended finance structures 

involving donor funds and institutional investors 

can reduce financial risk. Fiscal incentives like tax 

holidays or zero-rated VAT on retrofit technologies 

would further encourage uptake. 
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d) Prioritize Design-Phase Integration of Efficiency 

Measures. Energy modeling should be mandatory 

during the concept and schematic design stages to 

identify cost-effective strategies such as passive 

solar gain, natural ventilation, and daylighting. 

Government-led incentives, including expedited 

approvals or bonus FAR for high-efficiency 

buildings, will encourage compliance. All public 

sector projects should adopt integrated design 

processes with lifecycle performance targets [93]. 

e) Deploy Building Management Systems for Real-

Time Optimization. The lack of real-time 

monitoring was a barrier to the Mbeya retrofit. 

Commercial buildings should be encouraged to 

adopt Building Management Systems (BMS) to 

efficiently control HVAC, lighting, and plug loads. 

IoT-based platforms offer affordable entry points. 

Post-retrofit Measurement and Verification (M&V) 

protocols, aligned with standards such as IPMVP, 

should be institutionalized to quantify energy 

savings [94]. 

f) Align Building Sector Initiatives with Tanzania’s 

Climate Goals. Energy-efficient construction 

supports Tanzania’s Nationally Determined 

Contributions (NDCs), particularly the target of a 

30-35% reduction in GHG emissions by 2030 [95]. 

These measures contribute to SDG 7 (Clean 

Energy), SDG 13 (Climate Action), and Vision 

2025. A national low-carbon building roadmap 

should be developed to help translate climate targets 

into building-sector outcomes, supported by 

international climate funds such as GCF and 

CIF[96] 

g) Foster Public-Private Partnerships and Stakeholder 

Engagement. Scaling retrofits will require 

coordinated effort. PPP platforms should be formed 

to connect government ministries, developers, tech 

providers, and financiers [97]. A nationwide 

Retrofit Readiness Campaign would build 

awareness and demand. Demonstration projects in 

high-visibility urban areas (e.g., Dar es Salaam, 

Arusha, Mbeya) can showcase feasibility and 

impact [98]. 

h) Establish Data Infrastructure for Energy Planning. 

Reliable performance data underpins effective 

policy and investment decisions. A centralized 

Building Energy Database should be developed by 

the Ministry of Energy or EWURA to capture 

Energy Use Intensity (EUI), retrofit outcomes, and 

financial indicators. Utilities and local governments 

should be authorized to collect building-level data. 

i) Position Retrofitting within Broader Urban 

Sustainability Frameworks. Retrofitting supports 

inclusive growth, health, and climate resilience. 

Policies should link energy upgrades with urban 

planning, disaster risk reduction, and circular 

economy strategies. Energy-efficient retrofits can 

help reduce energy poverty, improve productivity, 

and support green job creation. Interventions should 

be mapped across sectors, including buildings, 

transport, industry, and utilities, for integrated SDG 

delivery [99]. 

j) The applications of renewable energy in energy 

efficient building. To boost energy efficiency in 

Mbeya’s commercial buildings, renewable 

technologies should be prioritized. Rooftop PV 

systems combined with net metering reduce grid 

reliance, while solar water heaters lower electricity 

use for heating [100]. Biogas from organic waste 

provides clean thermal energy, and hybrid PV-

battery systems enhance power reliability. Passive 

solar design promotes daylighting and ventilation, 

further minimizing energy needs [101]. These 

approaches align with Tanzania’s Energy 

Efficiency Action Plan and support resilient urban 

growth. Implementing financial incentives, 

streamlining permitting processes, and coordinating 

among institutions can accelerate adoption, making 

renewables central to sustainable infrastructure 

across Mbeya’s expanding commercial sector 

[102]. 

 

ACKNOWLEDGEMENTS 

The authors wish to sincerely thank Mbeya 

University of Science and Technology (MUST), 

especially the Department of Electrical and Power 

Engineering, for their academic guidance and 

institutional support during the development of this 

review paper. 

Special thanks are given to the Occupational 

Safety and Health Authority (OSHA) for its support 

and contribution to the authors’ academic growth in the 

field of sustainable energy. 

The authors also recognize the important insights 

derived from published reports, case studies, and policy 

documents from both national and international 

organizations. These contributions laid the groundwork 

for this review, offering crucial data and viewpoints 

that enhanced the evaluation of energy efficiency and 

cost-effectiveness in commercial building design. 

Finally, the authors thank colleagues, peers, and 

family members for their encouragement and helpful 

feedback throughout the writing process. 

 

REFERENCES 

[1] K. O. Haule and R. Kilonzo, “Growing through 

cities in Tanzania: The implications on national 

http://creativecommons.org/licenses/by-nc-sa/4.0/


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

87 

 

development,” Tanzania Journal of Development 

Studies, vol. 22, no. 2, pp. 69-94, Feb. 2025, doi: 

10.56279/NJIY8787/TJDS.v22i2.4. 

[2] World Bank, Transforming Tanzania’s Cities: 

Harnessing Urbanization for Competitiveness, 

Resilience, and Livability, Washington, DC, 2021. 

[3] J. M. Joseph, “Key insights from Tanzania’s 2022 

energy balance,” Energy Policy Review, vol. 18, 

no. 1, pp. 45-59, Jan. 2024. 

[4] A. M. Mwakalinga, “Analysis of energy and carbon 

intensities of common building materials used in 

Tanzania: Case study of walling materials,” in 

Proc. Engineers in Sustainable Built Environment 

Conf., Dar es Salaam, 2015. 

[5] M. M. Baruti and M. Livin, “Design for energy 

efficiency in buildings in East Africa: 

Opportunities and challenges,” J. Sustainable 

Architecture and Engineering, vol. 12, no. 3, pp. 

101-115, 2022. 

[6] New Buildings Institute, Architecture in a Warming 

World: Passive and Active Design Strategies for 

Climate Resilience. [Online]. Available: 

www.newbuildings.org. [Accessed: Apr. 20, 

2026]. 

[7] Ministry of Energy (MOE), National Energy 

Efficiency Strategy 2024-2034, Government of 

Tanzania, Dar es Salaam, 2024. 

[8] ASHRAE, Position Document on Energy Efficiency 

in Buildings. Atlanta, GA: ASHRAE, 2020. 

[Online]. Available: www.ashrae.org/file-

library/about/position-documents/pd-on-building-

decarbonization-2024.pdf (ashrae.org in Bing). 

[Accessed: Apr. 20, 2026]. 

[9] Global Alliance for Buildings and Construction, 

2020 Global Status Report for Buildings and 

Construction: Towards a Zero-Emissions, 

Efficient and Resilient Sector. Paris: UNEP, 2020. 

[Online]. Available: www.globalabc.org. 

[Accessed: Apr. 20, 2026]. 

[10] U.S. Department of Energy, Building 

Technologies Program: Green Building Codes - A 

Guide to Creating Effective Programs. 

Washington, DC, 2021. [Online]. Available: 

www.swenergy.org. [Accessed: Apr. 20, 2026]. 

[11] Z. Yu, Z. Gou, F. Qian, J. Fu, and Y. Tao, 

“Towards an optimized zero energy solar house: 

A critical analysis of passive and active design 

strategies used in Solar Decathlon Europe in 

Madrid,” J. Cleaner Production, vol. 236, Nov. 

2019, doi: 10.1016/j.jclepro.2019.117646. 

[12] B. Roach and J. M. Harris, “Energy economics and 

policy: Teaching module,” Ecological Economics 

Education Series, 2021. 

[13] S. K. Fuller, “Guidance on life-cycle cost analysis 

required by Executive Order 13123,” National 

Institute of Standards and Technology (NIST), 

Gaithersburg, MD, 2005. 

[14] J. Norman, “Overview of potential energy-

efficiency measures,” Energy Efficiency Review, 

vol. 10, no. 2, pp. 33-47, 2018. 

[15] L. Wisneth and J. Hahn, “Innovative building 

materials in Sub-Saharan Africa: Competitive 

advantage for creating affordable housing,” 

Construction Materials Journal, vol. 8, no. 4, pp. 

211-223, 2019. 

[16] International Finance Corporation (IFC), Green 

Building Market Stakeholder Assessment. 

Washington, DC, 2020. [Online]. Available: 

www.ifc.org. [Accessed: Apr. 20, 2026]. 

[17] United Nations Development Programme 

(UNDP), Annex 1 - Description of the Action: 

United Republic of Tanzania. New York, NY, 

2021. 

[18] United for Efficiency (U4E), Tanzania Country 

Saving Assessment, Jul. 2022. [Online]. Available: 

https://united4efficiency.org/wp-

content/uploads/2022/08/TZA_U4E-Country-

Saving-Assessment_Jul-22.pdf 

(united4efficiency.org in Bing). [Accessed: Apr. 

20, 2026]. 

[19] E. Abdelaziz, R. Saidur, and S. Mekhilef, “Review 

on energy saving strategies in the industrial 

sector,” Renewable and Sustainable Energy 

Reviews, vol. 15, no. 1, pp. 150-168, Jan. 2011, 

doi: 10.1016/j.rser.2010.09.003. 

[20] R. K. Yin, Case Study Research: Design and 

Methods, 5th ed., Thousand Oaks, CA: Sage 

Publications, 2014. 

[21] J. F. Xu, A. Green, S. Jain, D. Chan, and S. L. 

Billington, “Impact of sustainable retrofitting on 

resident wellbeing: A critical review,” Building 

and Environment, p. 113354, Jul. 2025, doi: 

10.1016/J.BUILDENV.2025.113354. 

[22] J. F. Xu, A. Green, S. Jain, D. Chan, and S. L. 

Billington, “Impact of sustainable retrofitting on 

resident wellbeing: A critical review,” Building 

and Environment, p. 113354, Jul. 2025, doi: 

10.1016/J.BUILDENV.2025.113354. 

[23] T. Mearig and L. Morris, Guidelines for Utilizing 

Life Cycle Cost Analysis and Cost-Benefit 

Analysis, 3rd ed., Alaska Department of Education 

& Early Development, Finance & Support 

Services, 2024. 

[24] K. Lu, X. Deng, X. Jiang, B. Cheng, and V. W. Y. 

Tam, “A review on life cycle cost analysis of 

buildings based on building information 

modeling,” Journal of Civil Engineering and 

Management, vol. 29, no. 3, pp. 268-288, Feb. 

2023, doi: 10.3846/jcem.2023.18473. 

[25] W. T. França, M. V. Barros, R. Salvador, A. C. de 

Francisco, M. T. M. Piekarski, and C. M. 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.newbuildings.org/?utm_source=copilot.com
https://www.bing.com/search?q=%22http%3A%2F%2Fwww.ashrae.org%2Ffile-library%2Fabout%2Fposition-documents%2Fpd-on-building-decarbonization-2024.pdf%22&utm_source=copilot.com
https://www.globalabc.org/?utm_source=copilot.com
https://www.swenergy.org/?utm_source=copilot.com
https://www.ifc.org/?utm_source=copilot.com
https://www.bing.com/search?q=%22https%3A%2F%2Funited4efficiency.org%2Fwp-content%2Fuploads%2F2022%2F08%2FTZA_U4E-Country-Saving-Assessment_Jul-22.pdf%22&utm_source=copilot.com


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

88 

 

Piekarski, “Integrating life cycle assessment and 

life cycle cost: A review of environmental 

economic studies,” International Journal of Life 

Cycle Assessment, vol. 26, pp. 244-274, 2021. 

[26] E. M. Wells, J. D. Risman, J. A. McDonald, and J. 

Spengler, “Indoor air quality and occupant 

comfort in homes with deep versus conventional 

energy efficiency renovations,” Building and 

Environment, vol. 93, no. P2, pp. 331-338, Nov. 

2015, doi: 10.1016/J.BUILDENV.2015.06.021. 

[27] The United Republic of Tanzania, National 

Energy Policy (NEP), Dar es Salaam, 2015. 

[28] Mbeya City Council, Investment Opportunities 

and Promotion Strategies, President’s Office, 

Regional Administration and Local Government, 

2019. 

[29] The United Republic of Tanzania, The 2022 

Population and Housing Census: Initial Results, 

National Bureau of Statistics, Dar es Salaam, 

2022. [Online]. Available: 

https://www.nbs.go.tz/uploads/statistics/documen

ts/en-1720088450-2022PHCInitialResults-

English.pdf (nbs.go.tz in Bing). [Accessed: Apr. 

20, 2026]. 

[30] D. Banjarnahor, “Adoption and adaptation of 

conservation agriculture in Tanzanian southern 

highlands,” ResearchGate, 2015, doi: 

10.13140/RG.2.1.5139.4726. 

[31] M. I. Kiondo and L. Mosha, “Analysing the 

dynamics of city morphology with an overview of 

Mbeya City in Tanzania,” Online Journal of 

Social Sciences Research, 2021. [Online]. 

Available: 

https://www.researchgate.net/publication/350495

356 (researchgate.net in Bing). [Accessed: Apr. 

20, 2026]. 

[32] The United Republic of Tanzania, Urban Planning 

(Zoning of Land Uses), Dar es Salaam, 2018. 

[33] Y. Mbululo and F. Nyihirani, “Climate 

characteristics over southern highlands, 

Tanzania,” Atmospheric and Climate Sciences, 

vol. 2, no. 4, pp. 454-463, 2012, doi: 

10.4236/acs.2012.24039. 

[34] U.S. Environmental Protection Agency, Moisture 

Control Guidance for Building Design, 

Construction and Maintenance: Indoor Air 

Quality (IAQ), Washington, DC, 2015. [Online]. 

Available: www.epa.gov/iaq/moisture. 

[Accessed: Apr. 20, 2026]. 

[35] A. N. Prado-Alipui, “Narratives in motion: The 

new era of dam building in East Africa,” African 

Development Review, vol. 36, no. 1, pp. 88-104, 

2024. 

[36] A. Mushi, G. Mnkeni, J. Justo, and B. 

Mwinyiwiwa, “Mitigation of voltage disturbances 

in industrial power distribution networks using 

dynamic voltage restorers,” Tanzania Journal of 

Engineering and Technology, vol. 44, no. 2, pp. 

199-214, Jun. 2025, doi: 

10.52339/tjet.v44i2.1277. 

[37] K. Pantong, “Development of energy conservation 

programs for commercial buildings based on 

assessed energy saving potentials,” Energy 

Procedia, vol. 9, pp. 45-52, 2011, doi: 

10.1016/j.egypro.2011.09.009. 

[38] Mbeya University of Science and Technology, 

Policy Documents, Mbeya, Tanzania, 2024. 

[Online]. Available: 

https://must.ac.tz/storage/uploads/policy/1771316

102181911136158124205914.pdf (must.ac.tz in 

Bing). [Accessed: Apr. 20, 2026]. 

[39] Mbeya City Council, Urban Design, Detailed 

Engineering Design, Environmental and Social 

Due Diligence, Preparation of Cost Estimates and 

Bidding Documents for Urban Infrastructure 

Investments in Mbeya City (Tactic Zone 3), Dar es 

Salaam, 2022. 

[40] S. Nkini, E. Nuyts, G. Kassenga, O. Swai, and G. 

Verbeeck, “Towards more green buildings in 

Tanzania: Knowledge of stakeholders on green 

building design features, triggers, and pathways 

for uptake,” Sustainability, vol. 16, no. 7, p. 2963, 

Apr. 2024, doi: 10.3390/su16072963. 

[41] K. S. Al-Jabri, A. W. Hago, A. S. Al-Nuaimi, and 

A. H. Al-Saidy, “Concrete blocks for thermal 

insulation in hot climate,” Cement and Concrete 

Research, vol. 35, no. 8, pp. 1472-1479, Aug. 

2005, doi: 10.1016/j.cemconres.2004.08.018. 

[42] S. Jyoti, “Comparative analysis of prefab, hollow 

concrete block and brick wall based on cost and 

compressive strength,” SSRN, 2025, doi: 

10.2139/ssrn.5113551. 

[43] International Energy Agency, Energy Audits 

Procedure of Buildings and Multicriteria 

Analysis, Paris, 2020. 

[44] M. Sameer, “Retrofitting existing buildings for 

enhanced sustainability: A literature review on 

energy efficiency and building performance,” 

ResearchGate, 2024. [Online]. Available: 

https://www.researchgate.net/publication/390634

028. [Accessed: Apr. 20, 2026]. 

[45] B. Patil, C. Chavan, S. Bhamare, S. Patil, and Y. 

More, “Solar-based motion sensor lighting system 

with night mode,” International Journal of Recent 

Research in Physics, vol. 5, no. 2, pp. 77-83, 2024. 

[46] A. Powers and M. Saad, “Building energy use: 

Modeling and analysis of lighting systems-A case 

study,” Sustainability, vol. 14, no. 20, Oct. 2022, 

doi: 10.3390/su142013181. 

[47] A. O. Shehata, A. M. Hassan, M. M. Shahda, and 

N. A. Megahed, “Green retrofitting of heritage 

buildings based on (3Ts) framework: An applied 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.bing.com/search?q=%22https%3A%2F%2Fwww.nbs.go.tz%2Fuploads%2Fstatistics%2Fdocuments%2Fen-1720088450-2022PHCInitialResults-English.pdf%22&utm_source=copilot.com
https://www.bing.com/search?q=%22https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F350495356%22&utm_source=copilot.com
https://www.epa.gov/iaq/moisture?utm_source=copilot.com
https://www.bing.com/search?q=%22https%3A%2F%2Fmust.ac.tz%2Fstorage%2Fuploads%2Fpolicy%2F1771316102181911136158124205914.pdf%22&utm_source=copilot.com
https://www.bing.com/search?q=%22https%3A%2F%2Fmust.ac.tz%2Fstorage%2Fuploads%2Fpolicy%2F1771316102181911136158124205914.pdf%22&utm_source=copilot.com


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

89 

 

case study,” Frontiers of Architectural Research, 

vol. 13, no. 2, pp. 145-158, 2024, doi: 

10.1016/j.foar.2024.02.015. 

[48] R. C. Beppler, D. C. Matisoff, and M. E. Oliver, 

“Electricity consumption changes following solar 

adoption: Testing for a solar rebound,” Economic 

Inquiry, vol. 61, no. 1, pp. 58-81, Jan. 2023, doi: 

10.1111/ecin.13031. 

[49] S. Pathirana, A. Rodrigo, and R. Halwatura, 

“Effect of building shape, orientation, window-to-

wall ratios and zones on energy efficiency and 

thermal comfort of naturally ventilated houses in 

tropical climate,” International Journal of Energy 

and Environmental Engineering, vol. 10, no. 1, 

pp. 107-120, Mar. 2019, doi: 10.1007/s40095-

018-0295-3. 

[50] International Journal of Engineering and Applied 

Sciences, “Thermal insulation of walls and roofs 

by PCM: Modeling,” 2024. [Online]. Available: 

www.ijeas.org. [Accessed: Apr. 20, 2026]. 

[51] W. N. Digitemie and I. O. Ekemezie, “A 

comprehensive review of building energy 

management systems (BEMS) for improved 

efficiency,” World Journal of Advanced Research 

and Reviews, vol. 21, no. 3, pp. 829-841, Mar. 

2024, doi: 10.30574/wjarr.2024.21.3.0746. 

[52] W. Ahmed, A. Alazazmeh, and M. Asif, “Energy 

and water saving potential in commercial 

buildings: A retrofit case study,” Sustainability, 

vol. 15, no. 1, Jan. 2022, doi: 

10.3390/su15010518. 

[53] K. Tupper and C. Fluhrer, “Energy modeling at 

each design phase: Strategies to minimize design 

energy use,” Journal of Building Performance, 

vol. 8, no. 2, pp. 45-56, 2021. 

[54] Tanzania Energy Commission, An Outlook of 

Energy Demand, Supply and Cost in Tanzania, 

Dar es Salaam, 2023. 

[55] K. Lu, X. Deng, X. Jiang, B. Cheng, and V. W. Y. 

Tam, “A review on life cycle cost analysis of 

buildings based on building information 

modeling,” Journal of Civil Engineering and 

Management, vol. 29, no. 3, pp. 268-288, Feb. 

2023, doi: 10.3846/jcem.2023.18473. 

[56] T. Boermans, K. Bettgenhäuser, and A. 

Hermelink, “Cost-optimal building performance 

requirements: Calculation methodology for 

reporting on national energy performance 

requirements,” European Council for an Energy 

Efficient Economy Report, 2011. 

[57] A. S. John, “Capital budgeting techniques: 

Estimation of internal rate of returns,” Asian 

Journal of Economics, Business and Accounting, 

vol. 13, no. 2, pp. 1-10, Dec. 2019, doi: 

10.9734/ajeba/2019/v13i230167. 

[58] European Investment Bank, Energy Finance in 

Sub-Saharan Africa, Luxembourg, 2021. 

[59] F. S. Hafez, M. A. El-Sayed, A. R. El-Masry, and 

H. A. El-Khatib, “Energy efficiency in sustainable 

buildings: A systematic review with taxonomy, 

challenges, motivations, methodological aspects, 

recommendations, and pathways for future 

research,” Energy Strategy Reviews, vol. 45, p. 

101013, Jan. 2023, doi: 

10.1016/J.ESR.2022.101013. 

[60] O. Iwuanyanwu, I. Gil-Ozoudeh, A. C. Okwandu, 

and C. S. Ike, “Retrofitting existing buildings for 

sustainability: Challenges and innovations,” 

Engineering Science & Technology Journal, vol. 

5, no. 8, pp. 2616-2631, Aug. 2024, doi: 

10.51594/estj.v5i8.1515. 

[61] “Green Finance Toolkit Available Green 

Financing Sources and Eligibility Criteria.” 

[62] A. K. Kalyanam, “Building Management System 

(BMS) an In-Depth Overview (Understanding 

BMS, Its Operation, Necessity, and the Role of 

IoT),” Journal of Advances in Developmental 

Research, 2021, doi: 10.5281/zenodo.14540874. 

[63] B. De and M. Mukherjee, “Strategies and 

Challenges for Energy Efficient Retrofitting: 

Study of the Empire State Building,” Journal of 

The Institution of Engineers (India): Series A, vol. 

94, no. 4, pp. 251-256, Nov. 2013, doi: 

10.1007/s40030-014-0062-2. 

[64] D. Kusumastuti, E. Setyowati, S. Sari, and A. 

Dwiyanto, “Analysis of Energy Use Intensity 

(EUI) Factors in Government Office Buildings in 

Tropical Climate: A Case Study in the Ministerial 

Office Building and the Directorate General of 

Water Resources Building of The Ministry of 

Public Works,” TEKNIK, vol. 46, no. 3, pp. 209-

217, Jul. 2025, doi: 10.14710/teknik.v46i3.72798. 

[65] R. Pernetti, F. Garzia, and U. F. Oberegger, 

“Sensitivity analysis to support reliable life-cycle 

cost evaluation for nearly zero-energy buildings,” 

Sustain. Cities Soc., vol. 71, p. 103139, 2021. [66]

 J.-W. Lee and Y. Il Kim, “Energy Saving of a 

University Building Using a Motion Detection 

Sensor and Room Management System”, doi: 

10.3390/su12229471. 

[67] T. Abedin et al., “Advancing comfort and 

efficiency: Radiant heating and cooling systems 

for sustainable architecture,” Build Environ, vol. 

282, p. 113234, Aug. 2025, doi: 

10.1016/J.BUILDENV.2025.113234. 

[68] A. T. Balasbaneh, W. Sher, and J. Li, “A 

systematic review of life-cycle cost estimation for 

building upgrades,” Environ. Sci. Pollut. Res. Int., 

vol. 32, pp. 19649-19671, 2025. 

[61] International Finance Corporation (IFC), Green 

Finance Toolkit: Available Green Financing 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.ijeas.org/?utm_source=copilot.com


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

90 

 

Sources and Eligibility Criteria, Washington, DC, 

2022. 

[62] A. K. Kalyanam, “Building management system 

(BMS): An in-depth overview of operation, 

necessity, and IoT integration,” Journal of 

Advances in Developmental Research, vol. 15, no. 

2, pp. 77-89, 2021, doi: 

10.5281/zenodo.14540874. 

[63] B. De and M. Mukherjee, “Strategies and 

challenges for energy efficient retrofitting: Study 

of the Empire State Building,” Journal of The 

Institution of Engineers (India): Series A, vol. 94, 

no. 4, pp. 251-256, Nov. 2013, doi: 

10.1007/s40030-014-0062-2. 

[64] D. Kusumastuti, E. Setyowati, S. Sari, and A. 

Dwiyanto, “Analysis of energy use intensity (EUI) 

factors in government office buildings in tropical 

climate: A case study in Indonesia,” TEKNIK, vol. 

46, no. 3, pp. 209-217, Jul. 2025, doi: 

10.14710/teknik.v46i3.72798. 

[65] R. Pernetti, F. Garzia, and U. F. Oberegger, 

“Sensitivity analysis to support reliable life cycle 

cost evaluation for nearly zero energy buildings,” 

Sustainable Cities and Society, vol. 71, p. 103139, 

2021. 

[66] J.-W. Lee and Y. I. Kim, “Energy saving of a 

university building using a motion detection 

sensor and room management system,” 

Sustainability, vol. 12, no. 22, Nov. 2020, doi: 

10.3390/su12229471. 

[67] T. Abedin, M. Rahman, S. Chowdhury, and A. 

Karim, “Advancing comfort and efficiency: 

Radiant heating and cooling systems for 

sustainable architecture,” Building and 

Environment, vol. 282, p. 113234, Aug. 2025, doi: 

10.1016/J.BUILDENV.2025.113234. 

[68] A. T. Balasbaneh, W. Sher, and J. Li, “A 

systematic review of life cycle cost estimation for 

building upgrades,” Environmental Science and 

Pollution Research, vol. 32, pp. 19649-19671, 

2025. 

[69] F. F. Hernández, J. M. P. Suárez, J. A. B. 

Cantalejo, and M. C. G. Muriano, “Impact of 

zoning heating and air conditioning control 

systems on user comfort and energy efficiency in 

residential buildings,” Energy Conversion and 

Management, vol. 267, Sep. 2022, doi: 

10.1016/j.enconman.2022.115954. 

[70] A. N. Zoure and P. V. Genovese, “Implementing 

natural ventilation and daylighting strategies for 

thermal comfort and energy efficiency in office 

buildings in Burkina Faso,” Energy Reports, vol. 

9, pp. 3319-3342, Dec. 2023, doi: 

10.1016/j.egyr.2023.02.017. 

[71] I. El-Darwish and M. Gomaa, “Retrofitting 

strategy for building envelopes to achieve energy 

efficiency,” Alexandria Engineering Journal, vol. 

56, no. 4, pp. 579-589, Dec. 2017, doi: 

10.1016/J.AEJ.2017.05.011. 

[72] S. K. Yadav and U. Bajpai, “Performance 

evaluation of a rooftop solar photovoltaic power 

plant in Northern India,” Energy for Sustainable 

Development, vol. 43, pp. 130-138, Apr. 2018, 

doi: 10.1016/J.ESD.2018.01.006. 

[73] J. W. Lee, S. M. Lee, and S. E. Lee, “Importance 

of indoor environmental quality surveys for 

evaluating renovation effects,” Journal of 

Building Engineering, vol. 78, p. 107726, Nov. 

2023, doi: 10.1016/J.JOBE.2023.107726. 

[74] Y. L. Song, K. S. Darani, A. I. Khdair, G. Abu-

Rumman, and R. Kalbasi, “A review on 

conventional passive cooling methods applicable 

to arid and warm climates considering economic 

cost and efficiency analysis,” Energy Reports, vol. 

7, pp. 2784-2820, Nov. 2021, doi: 

10.1016/J.EGYR.2021.04.056. 

[75] M. Jradi, N. Boel, B. E. Madsen, J. Jacobsen, J. S. 

Hooge, and L. Kildelund, “BuildCOM: 

Automated auditing and continuous 

commissioning of next-generation building 

management systems,” Energy Informatics, vol. 3, 

no. 1, pp. 1-15, 2020, doi: 10.1186/s42162-020-

00136-2. 

[76] R. Afa, I. Sobhy, and A. Brakez, “Application of 

BIM-driven BEM methodologies for enhancing 

energy efficiency in retrofitting projects in 

Morocco: A socio-technical perspective,” 

Buildings, vol. 15, no. 3, p. 429, 2025, doi: 

10.3390/buildings15030429. 

[77] M. Bencid, K. Chung-Camargo, and M. Chen 

Austin, “Retrofitting approaches for office 

buildings in tropical climates: A systematic 

review,” in Proc. LACCEI Int. Multi-Conference 

for Engineering, Education and Technology, Latin 

American and Caribbean Consortium of 

Engineering Institutions, 2024, doi: 

10.18687/LACCEI2024.1.1.640. 

[78] T. Tessema, J. Taipale, and M. Bethge, 

Sustainable Building and Construction in Africa, 

UNEP, 2009. 

[79] S. Nkini, E. Nuyts, G. Kassenga, O. Swai, and G. 

Verbeeck, “Towards more green buildings in 

Tanzania: Knowledge of stakeholders on green 

building design features, triggers, and pathways 

for uptake,” Sustainability, vol. 16, no. 7, p. 2963, 

Apr. 2024, doi: 10.3390/su16072963. 

[80] Z. Lin, T. Hong, X. Xu, J. Chen, and W. Wang, 

“Evaluating energy retrofits of historic buildings 

in a university campus using an urban building 

energy model that considers uncertainties,” 

Sustainable Cities and Society, vol. 95, p. 104602, 

Aug. 2023, doi: 10.1016/J.SCS.2023.104602. 

http://creativecommons.org/licenses/by-nc-sa/4.0/


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

91 

 

[81] S. Abu Dabous and F. Hosny, “A review of 

building envelope retrofitting methods for 

improving energy efficiency, aesthetic, and indoor 

environmental quality,” Energy Nexus, vol. 18, p. 

100407, Jun. 2025, doi: 

10.1016/J.NEXUS.2025.100407. 

[82] African Union, Action Plan for Harmonised 

Regulatory Framework for the Electricity Market 

in Africa, Addis Ababa, 2021. 

[83] J. Stromback, D. Hobson, E. Streng, T. Serrenho, 

and P. Bertoldi, Advanced Quality and Use of 

Energy Performance Certificates (EPCs) by 

Investors and Financial Institutions, Publications 

Office of the European Union, 2021. 

[84] The United Republic of Tanzania, Nationally 

Determined Contribution (NDC) Submission, Jul. 

2021. 

[85] I. T. Nainggolan, H. Fatoni, A. Mutaqin, and M. I. 

Hadjri, “Efforts to improve Alpinia galanga 

production capability in the Prosperous Plantation 

Group in Red Mata Village, Banyuasin District,” 

International Journal of Scientific Research and 

Management (IJSRM), vol. 12, no. 9, pp. 7438-

7443, Sep. 2024, doi: 

10.18535/ijsrm/v12i09.em11. 

[86] S. J. Wilkinson, R. G. Reed, and J. Jailani, “User 

satisfaction in sustainable office buildings: A 

preliminary study,” Journal of Green Building, 

vol. 15, no. 2, pp. 45-56, 2020. 

[87] C. C. Seeley and S. Dhakal, “Energy efficiency 

retrofits in commercial buildings: An 

environmental, financial, and technical analysis of 

case studies in Thailand,” Energies, vol. 14, no. 9, 

May 2021, doi: 10.3390/en14092571. 

[88] A. Adegun and O. Olaniyan, “Energy efficiency 

retrofits in Sub-Saharan Africa: Lessons from 

commercial buildings,” Energy and Buildings, 

vol. 256, p. 111678, 2022, doi: 

10.1016/j.enbuild.2022.111678. 

[89] P. Bertoldi, S. Serrenho, and T. Boermans, 

“Financing energy efficiency: Barriers and 

instruments for the building sector in developing 

economies,” Energy Policy, vol. 153, p. 112255, 

2021, doi: 10.1016/j.enpol.2021.112255. 

[90] M. Santamouris, “Passive cooling in buildings: 

The role of design and orientation in warm 

climates,” Renewable Energy, vol. 145, pp. 2312-

2325, 2020, doi: 10.1016/j.renene.2019.07.089. 

[91] J. M. L. Ferreira, K. M. Sutherland, and A. G. 

Meyer, “Energy retrofit performance in African 

commercial buildings: Comparative evidence 

from Kenya and South Africa,” Journal of 

Cleaner Production, vol. 312, p. 127678, 2021, 

doi: 10.1016/j.jclepro.2021.127678. 

 

[92] The United Republic of Tanzania, Environmental 

and Social Management Framework: Climate 

Adaptation Technology Deployment Programme, 

Dar es Salaam, 2021. 

[93] I. Gil-Ozoudeh, O. Iwuanyanwu, A. C. Okwandu, 

and C. S. Ike, “The role of passive design 

strategies in enhancing energy efficiency in green 

buildings,” Engineering Science & Technology 

Journal, vol. 3, no. 2, pp. 71-91, Dec. 2022, doi: 

10.51594/estj.v3i2.1519. 

[94] E. Omorogiuwa, “Review of smart-based building 

management systems,” World Journal of 

Innovative Research, vol. 7, no. 1, pp. 55-62, 

2019. [Online]. Available: www.wjir.org. 

[Accessed: Apr. 20, 2026]. 

[95] F. H. A. Khatibu and R. B. Lokina, “A review of 

Tanzania’s fiscal regime for climate action,” 

Climate Policy Review, vol. 12, no. 3, pp. 211-

225, 2023. 

[96] The United Republic of Tanzania, Nationally 

Determined Contribution (NDC) Submission, Jul. 

2021. 

[97] The United Republic of Tanzania, 2023 Voluntary 

National Review (VNR) Report on the 

Implementation of the 2030 Agenda for 

Sustainable Development, Dar es Salaam, 2023. 

[98] J. Nederhand and E. H. Klijn, “Stakeholder 

involvement in public-private partnerships: Its 

influence on the innovative character of projects 

and on project performance,” Administration & 

Society, vol. 51, no. 8, pp. 1200-1226, Sep. 2019, 

doi: 10.1177/0095399716684887. 

[99] C. Passoni, M. Caruso, L. Felicioni, and P. Negro, 

“The evolution of sustainable renovation of 

existing buildings: From integrated seismic and 

environmental retrofitting strategies to a life cycle 

thinking approach,” Bulletin of Earthquake 

Engineering, vol. 22, pp. 1-20, 2024, doi: 

10.1007/s10518-024-01991-0. 

[100] F. Bai and J. Xing, “Application of renewable 

energy in green buildings and energy consumption 

optimization,” EAI Endorsed Transactions on 

Energy Web, vol. 11, pp. 1-13, 2024, doi: 

10.4108/EW.5830. 

[101] X. Zhang, Y. Ge, and R. V. Patel, “Renewable 

energy integration and energy efficiency 

enhancement for a net-zero-carbon commercial 

building,” Buildings, vol. 15, no. 3, p. 414, 2025, 

doi: 10.3390/buildings15030414. 

[102] S. J. Hayter, A. Kandt, and F.-A. Kandt, 

“Renewable energy applications for existing 

buildings,” National Renewable Energy 

Laboratory (NREL) Preprint, Golden, CO, 2011. 

[Online]. Available: http://www.osti.gov/bridge. 

[Accessed: Apr. 20, 2026]. 

 

http://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.wjir.org/?utm_source=copilot.com
https://www.osti.gov/bridge?utm_source=copilot.com


 

 

ISSN: 2720-989X 
 

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING 
 

VOLUME 7, NOMOR 2, APRIL, 2026 
DANFORD WILLIAM: COST-EFFECTIVENESS AND ENERGY EFFICIENCY … 

 © the Authors (2026) 

                          This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 

 

92 

 

AUTHORS BIOGRAPHY AND CONTRIBUTIONS 

Danford William Kafumu, born in 

Mwanza Region, Tanzania, earned his 

Bachelor of Engineering in Electrical 

and Electronics Engineering from St. 

Joseph College of Engineering and 

Technology in Dar es Salaam. He is 

currently pursuing a Master of Engineering in Clean 

Energy Technology at Mbeya University of Science 

and Technology. He serves as a Senior Engineer at the 

Occupational Safety and Health Authority (OSHA). 

His research focuses on energy policy, power system 

optimization, and green building technologies. His 

contributions to this review paper include conducting a 

literature review, synthesizing data from multiple 

sources, and preparing tables and figures. 

Isaka J. Mwakitalima is a Tanzanian 

academic and researcher specializing in 

electrical and renewable energy 

systems. He currently serves as a 

Lecturer and the Head of the 

Department of Electrical and Power 

Engineering at Mbeya University of 

Science and Technology (MUST). He holds a PhD in 

Electrical Engineering from Delhi Technological 

University, India. He also earned an MSc in 

Sustainable Energy Science and Engineering from the 

Nelson Mandela African Institution of Science and 

Technology (NM-AIST), a BEng in Electrical and 

Electronics Engineering from St. Joseph College of 

Engineering. His research interests include renewable 

energy integration, sustainable building design, and 

energy efficiency policy. His contributions to this 

review paper included conceptualization and 

methodological guidance, supervision of the review 

process, policy analysis, and critical review and 

refinement of the manuscript. 

 

http://creativecommons.org/licenses/by-nc-sa/4.0/

