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ABSTRACT 

 
This review takes stock of where sustainable construction now stands in Nigeria, setting traditional building techniques 

alongside their modern counterparts and drawing on market intelligence from 2024–2025. More than sixty peer-reviewed papers, 

industry reports, and government documents published between 2020 and 2025 were synthesised to compare the performance, 

economic viability, and implementation hurdles of vernacular and contemporary sustainable methods. The stakes are 

considerable: the World Bank puts Nigeria’s infrastructure investment requirement at $3 trillion to keep pace with rapid 

urbanisation, while the construction market itself is forecast to climb from USD 34.37 billion in 2024 to USD 50.39 billion by 2034, 

a compound annual growth rate of 3.9%. Traditional techniques return 35–50% better thermal performance, 60–80% lower 

embodied energy, and 25–40% lower cost, yet they are held back by regulatory restrictions and a shortage of skilled labour. 

Awareness of green building is rising, but uptake has not kept pace: only 37 EDGE-certified projects exist, covering 712,395 m² 

and saving 25,244 MWh per year—between 8% and 12% of new construction. The evidence points to a sizeable opportunity in 

hybrid solutions that marry indigenous knowledge to modern technology, with recent case studies reporting 20–30% performance 

gains over conventional building. The dominant obstacles are outdated codes (78%), absent financing mechanisms (73%), and the 

poor social image of traditional methods (73%). On this basis the paper sets out evidence-led policy reform, capacity building, and 

integrated delivery strategies capable of scaling sustainable construction across Nigeria’s climatic zones, with the potential to reach 

25–30% sustainable uptake by 2030. 

 

Keywords- Sustainable Construction, Traditional Construction Techniques, Vernacular Architecture, Nigeria, Thermal 

Performance, Embodied Energy, Green Building, Hybrid Construction, EDGE Certification. 
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I. INTRODUCTION 
 

A. Market Context and Industry Overview 

Nigeria’s construction sector sits at an unusual juncture, pulled at once by an enormous infrastructure backlog, 

mounting sustainability pressures, and the need to safeguard cultural heritage. The sector was worth USD 34.37 billion in 

2024 and is projected to expand at a CAGR of 3.9% over the coming decade to USD 50.39 billion, placing Nigeria among 

Africa’s five largest construction markets alongside Algeria, Egypt, Tanzania, and Ethiopia [1], [2]. 

Rapid urban growth—running at 3.5% a year—has pushed the national housing deficit to an estimated 28 million 

units and lifted building-related CO₂ emissions to roughly 4.3% of GDP [3], [4]. In response, the government has stepped up 

capital spending, allocating NGN 10 trillion (USD 16.8 billion) for roads and NGN 99 billion (USD 166.4 million) toward 

20,000 affordable housing units [2]. 

With the World Bank estimating a $3 trillion infrastructure investment need, the National Integrated Infrastructure 

Master Plan aims to raise the country’s infrastructure stock to 70% of GDP by 2043 [3]. Bank credit to the construction 

industry grew sharply in 2024, rising 61.4% from NGN 1.4 trillion to NGN 2.3 trillion [5]. 
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B. Sustainability Imperative and Policy Framework 

This transformation is taking place against a fast-moving policy backdrop. The Nigeria Energy Transition Plan 

targets net-zero energy across the power, transport, and oil sectors by 2060, an undertaking costed at NGN 1.1 quadrillion 

(USD 1.9 trillion) and built around 197 GW of grid-tied solar, 90 GW of energy storage, and 34 GW of hydrogen power [6]. 

The International Finance Corporation’s EDGE (Excellence in Design for Greater Efficiencies) programme, 

introduced to Nigeria in 2023, has since acted as a catalyst for green building. By mid-2024 it counted 37 certified projects 

spanning 712,395 m², together saving 25,244 MWh of energy and 785,056 m³ of water annually and cutting CO₂ emissions 

by 13,772 tCO₂ a year [7], [8]. 

In 2025, Sintali, the global EDGE certification provider, and the Green Building Council Nigeria signed a 

Memorandum of Understanding to accelerate adoption through joint marketing, training workshops, and professional 

development [9]. 

C. Traditional Construction Heritage and Knowledge Systems 

Nigerian building traditions encode centuries of climate adaptation and resource economy—indigenous knowledge 

that contemporary development debates rarely credit in full. These methods deliver passive climate control, rely on locally 

available materials that need little processing, and operate within what is effectively a circular resource economy [10], [11]. 

Earthen walling, for instance, has a thermal conductivity as low as 0.32 W/(m·K), far below the 1.2–1.4 W/(m·K) 

of the concrete blocks used in modern construction [12], [13]. Even so, rapid modernisation has steadily displaced these 

systems, usually without scientific validation or any deliberate effort to reconcile them with building codes—a loss that costs 

Nigeria both its cultural heritage and a proven route to climate-responsive, resource-frugal building [14], [15]. 

D. Research Objectives and Contribution Framework 

This review consolidates the available evidence on sustainable construction in Nigeria and compares traditional and 

modern methods on performance, cost, and ease of implementation. Its specific aims are fivefold: to quantify the performance 

of traditional and modern sustainable methods against standardised criteria; to assess their economic viability and lifecycle 

cost; to identify the barriers and enablers that govern adoption at scale; to develop evidence-based frameworks for integrating 

traditional knowledge with modern technology; and to propose policy measures that would support market growth in 

sustainable construction. 

 

II. METHODOLOGY 
 

A. Research Design 

The study followed a mixed-methods systematic review combining quantitative performance analysis, economic 

modelling, qualitative stakeholder assessment, and policy evaluation. This breadth reflects the inherently interdisciplinary 

nature of sustainable construction, which spans engineering, economics, the social sciences, and public policy. 

B. Literature Search Strategy 

Searches drew on Web of Science, Scopus, Google Scholar, and ResearchGate, supplemented by government 

reports, industry assessments, and institutional publications. The query terms—“sustainable construction”, “traditional 

building”, “vernacular architecture”, “green building”, “thermal performance”, “EDGE certification”, and “Nigeria”—were 

filtered to the period 2020–2025. 

The initial sweep returned 412 candidate publications. After inclusion criteria were applied—relevance to 

construction in Nigeria or comparable Sub-Saharan contexts, a clear sustainability dimension, peer-reviewed or otherwise 

authoritative provenance, publication in English, and adequate data quality—and after PRISMA screening, 62 studies 

remained in the final corpus. 

C. Data Extraction and Analysis Framework 

Thematic analysis combined deductive, theory-led coding with inductive, data-led coding, and extracted figures 

were standardised to allow comparison across studies. Findings were sorted into seven categories: thermal and environmental 

performance; structural performance and durability; economic viability and lifecycle cost; social and cultural acceptance; 

policy and regulatory considerations; market development and adoption barriers; and integration strategies and hybrid 

approaches. 

Consistency across sources and methods was checked by triangulation. Where enough comparable data existed, a 

random-effects meta-analysis was carried out to accommodate differences in study design and method. 

 

III. TRADITIONAL CONSTRUCTION PRACTICES IN NIGERIA 
 

A. Regional Variations and Climate Adaptation Strategies 

Traditional Nigerian architecture answers the climate differently across three ecological zones. In the Sahelian north 

(15–45 °C, 400–700 mm of rain a year), Hausa builders maximised thermal mass: thick adobe walls of 400–600 mm, compact 

courtyard plans, and deliberately sparse openings to manage extreme heat [16], [17]. 
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Muhammed et al. [17] put numbers to this, showing that traditional Hausa houses cut the indoor–outdoor 

temperature gap by 8–12 °C with no mechanical cooling. Indoor temperatures logged over fifteen months in eighteen adobe 

houses across Kano and Sokoto stayed below 32 °C even where outdoor temperatures held above 45 °C for long spells, and 

the thick 400–600 mm walls produced a thermal lag of 6–8 hours. 

The Guinea Savanna of the middle belt (18–38 °C, 900–1400 mm) prompted a different vocabulary—raised timber 

footings, conical thatched roofs, and earth-timber framing. Field work by Emusa and Idoko [11] in Benue and Plateau States 

recorded traditional Tiv buildings running 4–6 °C cooler than modern equivalents. In the tropical forest south (22–33 °C, 

1500–3000 mm), designs leaned on woven bamboo screens, steep 45–60° roof pitches, and elevated platforms; Oyebanji 

[14] measured a 3–5 °C difference between traditional Yoruba and Igbo compounds and modern concrete buildings in Lagos 

and Rivers States. 

B. Material Systems and Performance Characterisation 

Recent testing programmes have begun to put traditional Nigerian materials on a firm scientific footing. Northern 

adobe, made from clay-rich soils and organic binders, reaches compressive strengths of 1.2–2.8 MPa and thermal 

conductivities of 0.32–0.65 W/mK [18], [19]. Transient line source (TLS) measurements refined this to 0.32–0.48 W/(m·K) 

at standard moisture and 0.58–0.78 W/(m·K) at saturation—still a clear advantage over conventional materials. 

Adobe also stores heat better, with a specific heat capacity of 1,045 ± 62 J/kg·K against 880 ± 45 J/kg·K for modern 

concrete. Lime-stabilised laterite blocks reach 3.82–4.28 MPa—above the 3.5 MPa code minimum—at conductivities of 

0.45–0.62 W/mK [20]. Bamboo (Bambusa vulgaris, Bambusa oldhamii) offers tensile strengths of 300–450 MPa, on a par 

with mild steel, at a conductivity of 0.3–0.5 W/mK [11]. Thatch from palm fronds and elephant grass gives insulation values 

of R-2.5 to R-4.5 per inch and thermal properties around 15–25 W/mK, far better than the galvanised iron roofing (45–65 

W/mK) common in Nigeria [21]. 

C. Environmental Performance Assessment 

Lifecycle assessment (LCA) work consistently favours traditional construction on environmental grounds. Oyebanji 

[14] reports that traditional adobe carries a global warming potential of 12.8 kg CO₂-eq/m² against 84 for concrete, embodied 

energy of 145 MJ/m² against 832, water use of 85 L/m² against 425, and substantially lower material depletion. 

These gains come from sourcing materials locally (around 15 km on average, versus 150 km for modern materials), 

minimal processing (an 80–90% energy saving), biodegradable inputs that close the resource loop, and passive design that 

trims energy use by 35–65% relative to mechanically conditioned buildings. Bamboo, moreover, sequesters 2–4 kg of CO₂ 

per kg of material as it grows, and lime mortar reabsorbs CO₂ as it cures—so that, on a full carbon account, embodied carbon 

can turn negative. 

 

IV. MODERN SUSTAINABLE CONSTRUCTION IN NIGERIA 
 

A. Current Adoption Status and Market Intelligence 

Modern sustainable construction has gained ground only gradually since 2022. By 2024 Nigeria had more than 47 

green buildings, with 712,395 m² under EDGE certification—a steep rise from just 12 projects in 2022 [7], [8]. Certified 

projects now save energy equivalent to the annual consumption of more than 16,000 homes, 785,056 m³ of water a year, and 

CO₂ on the scale of taking 2,680 cars off the road. 

Adoption varies sharply by segment: commercial offices lead at 15–18% in Lagos and Abuja, followed by mixed-

use buildings (8–12%), residential (3–6%), and industrial work (under 2%). The geography is similarly lopsided—65% of 

certified projects sit in Lagos State, 20% in the Federal Capital Territory, and 15% elsewhere [22]. Professional awareness 

climbed from 58% in 2019 to 82% in 2024, and hands-on implementation experience from 18% to 46% over the same 

window [23]. 

B. Technologies and Performance Characterisation 

Solar-passive design with integrated photovoltaics (PV) cuts energy use by 35–65% against conventional buildings. 

Monitoring across 25 installations found capacity factors of 18–22%—above the 12–15% global average for similar 

latitudes—at installation costs of ₦750,000–1,100,000 per kW and payback periods of 7–12 years for homes and 4–7 years 

for commercial buildings [24]. 

Rainwater harvesting meets about 70% of annual demand in residential buildings and 45% in commercial ones in 

high-rainfall areas, paying for itself in 2.5–4.5 years (residential) and 3–6 years (commercial). Cement-stabilised earth blocks 

at 6–10% cement reach 3.5–6.2 MPa while keeping 55–75% of adobe’s thermal benefit and 50–70% of its embodied-energy 

advantage over concrete blocks [25]. 

C. Economic Analysis and Market Development 

Certified sustainable construction still carries a premium—12–28% over conventional building for homes and 18–

35% for commercial work—though that gap has narrowed by 5–8 percentage points since 2022 as local supply chains and 

expertise have matured [26]. Net present value analysis nonetheless favours the sustainable option in 72% of building 

configurations at current tariffs (₦180–220/kWh commercial, ₦68–85/kWh residential) and a 6.5% discount rate [26]. 
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Finance remains thin: only 12 institutions offer dedicated green mortgages and 8 banks provide green construction 

loans on favourable terms, and financing gaps stall 35–45% of otherwise viable projects. Local manufacturing of basic 

sustainable technologies has grown 45–60% since 2022, lowering costs 15–25% against imports [27]. 

 

V. COMPARATIVE PERFORMANCE ANALYSIS 
 

A. Thermal Performance and Energy Efficiency 

Precision data-logging across 45 matched building pairs gives traditional adobe a thermal lag of 4.6 ± 0.4 hours 

against 2.8 ± 0.3 hours for concrete—a 39% gain that is statistically robust (p < 0.001) [28]. In the northern zone (Kano, 

Kaduna), traditional buildings held indoor–outdoor differentials of 7.2 ± 1.4 °C in the dry season, more than double the 3.1 

± 0.8 °C of modern concrete. 

On energy, modern construction needs 58–72% more cooling than traditional building depending on zone (6.2–11.4 

kWh/m²/year versus 18.6–28.3). Over a 25-year horizon, lifecycle energy runs 2,180–2,420 MJ/m² for traditional buildings 

against 3,580–4,150 for concrete—a 35–42% reduction [29]. The thermal-mass edge narrows by 25–35% in humid coastal 

areas relative to hot-dry inland ones, which is exactly why integration strategies must be climate-specific. 

B. Structural Performance and Durability 

Traditional adobe reaches 1.8–2.6 MPa, ample for single-storey homes but short of the 3.5 MPa codes demand for 

multi-storey work without engineering modification. Cement-stabilised earth blocks at 6–8% cement raise this to 4.2–5.8 

MPa while retaining a large share of the low-embodied-energy benefit [30]. 

Accelerated weathering over 750 cycles—about 20 years—stripped 8–14% of mass from plain adobe but only 2–

4% from optimised stabilised blocks. Shake-table tests give bamboo a displacement ductility factor of 4–6, well above the 

2–3 of conventional concrete. Annual maintenance for traditional construction runs to roughly 2–3% of build cost, mostly 

surface work with local materials, against 1.5–2% for modern construction, though the latter’s individual repairs cost more 

and need specialists [31]. 

C. Economic Viability and Lifecycle Cost Analysis 

Costed from detailed bills of quantities for a 150 m² house, traditional construction comes in 25–32% below 

conventional modern methods (₦11,400–14,800/m² against ₦21,600–27,300/m² for certified sustainable modern work). 

Labour makes up 47% of traditional cost versus 32% for modern building—good for employment, but a cost risk in high-

wage cities [32]. 

Over 25 years at a 6.5% real discount rate, net present values are ₦1,580,000–1,850,000/m² for traditional 

construction, ₦2,280,000–2,650,000/m² for conventional modern construction, and ₦2,950,000–3,400,000/m² for certified 

sustainable construction. A Monte Carlo analysis (±25% material, ±20% labour, ±18% energy price) leaves traditional 

approaches economically viable in 91% of scenarios [33]. 

 

VI. INTEGRATION STRATEGIES AND HYBRID APPROACHES 
 

A. Integration Case Studies and Performance Validation 

Twelve residential projects in the south-east that paired traditional Igbo design with modern structural engineering 

and sustainable technology came in 22–34% below conventional cost while still meeting or beating code [34]. They 

combined locally made stabilised earth blocks (6–8% cement), courtyard plans for natural ventilation, modern reinforced-

concrete foundations and ring beams, and integrated solar water heating and rainwater harvesting. Tracked over 24 months, 

they held 5.8 ± 0.6 °C indoor–outdoor differentials, used 38% less energy than conventional buildings, and scored 4.7 out of 

5 for user satisfaction. 

A 50-unit scheme in Kaduna State that blended Hausa principles with sustainable technology was built 19% below 

conventional cost and is projected to cut operating costs 35% over 20 years. Tellingly, it sold out 95% in 18 months—well 

ahead of the usual 60–70%—which says a good deal about market appetite for well-judged hybrids [35]. 

B. Technical Integration Frameworks 

Workable integration rests on seven pillars: climate-responsive principles borrowed from tradition; modern 

structural engineering for code compliance; sustainable technology; building services that meet modern expectations; quality 

assurance; a route through the regulatory maze; and genuine user engagement [36]. Optimised stabilised earth blocks at 6–

8% cement again return 4.2–5.8 MPa, with 25–35% cost savings over conventional blocks and 50–65% lower environmental 

impact than concrete. 

CFD modelling shows that hybrid ventilation—passive stack effect topped up by modest mechanical assistance—

can save 65–85% of the energy of a fully mechanical system while still meeting indoor-air standards in extreme weather. 

Envelopes that combine traditional thermal mass, modern insulation, and improved glazing reach U-values of 0.35–0.55 

W/m²K, comfortably under code, and do so largely with local materials [37]. 
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C. Policy and Regulatory Integration Requirements 

Scaling these approaches calls for joined-up policy on codes, certification, finance, and market development. 

Performance-based code pilots in Lagos, Kaduna, and Plateau States cut approval times 30–40% without compromising—

indeed while improving—safety, compared with prescriptive rules [38]. Pilot certification schemes have trained more than 

180 traditional–modern integration specialists in two years. Enhanced green mortgages (a 1.5–2.5% rate discount and longer 

terms) tipped 28% of applicant projects toward sustainable construction, while microfinance for traditional building reached 

over 15,000 rural households [39]. 

 

VII. IMPLEMENTATION BARRIERS AND ENABLERS 
 

A. Regulatory and Policy Barriers 

A national survey of more than 520 construction professionals ranked regulation the foremost barrier, cited by 82% 

[40]. The specifics recur: traditional materials go unrecognised in national codes; insurers balk at non-standard methods; 

engineers face liability exposure when working with alternative materials; rules are applied unevenly between states; and 

procurement still rewards the lowest initial bid. Because a code update typically takes 8–12 years from proposal to adoption, 

research and regulation fall badly out of step. 

Licensing compounds the problem. Traditional building knowledge is missing from formal engineering and 

architecture curricula, and traditional craftsmen have no recognised standing on modern projects. A 2024 Professional 

Licensing Barrier Assessment found skills gaps affecting 65–75% of potential integration projects [41]. 

B. Economic and Market Barriers 

A survey of over 850 prospective building owners confirmed that traditional construction costs 22–35% less up 

front, yet scarce financing keeps it out of reach for the cash-constrained households that make up 60–70% of housing demand 

[42]. Even though NPV analysis shows positive returns in 75–85% of cases over a 20-year life, only 12% of financial 

institutions offer green mortgages on good terms. On the supply side, specialised sustainable modern materials are 65–75% 

import-dependent, exposing projects to ±25% currency swings and 6–8-week delivery delays [43]. 

C. Technical and Capacity Barriers 

Traditional know-how rests largely with older craftsmen—mean age 56 ± 8 years—so transmitting it is becoming 

urgent. Quality control is uneven: adobe blocks made by different craftsmen from the same materials vary 35–55% in 

compressive strength, well beyond the ±10–15% engineering tolerance [44]. A review of 25 universities and 40 technical 

colleges found that under 35% of identified capacity needs are met by current programmes, with integration design taught in 

fewer than 15% and traditional-knowledge preservation in under 8% [45]. 

 

VIII. DISCUSSION AND SYNTHESIS 
 

A. Performance Integration Potential 

The evidence leaves ample room to fuse traditional Nigerian know-how with modern sustainable technology. 

Tradition wins consistently on thermal performance (a 32–48% improvement), environmental impact (75–85% less 

embodied energy and carbon), and first cost (22–35% lower); modern methods win on structural capacity, code compliance, 

and contemporary function [46]. 

Optimised hybrids keep 60–78% of tradition’s thermal advantage while satisfying structural and regulatory 

demands, which translates into 35–68% lower cooling loads. On the environmental ledger, traditional designs are 80–92% 

better than conventional ones, and well-tuned hybrids retain 55–75% of that benefit with better durability and safety [47]. 

Economically, the stronger integration routes save 18–32% against conventional construction while still delivering modern 

performance and compliance. 

B. Scaling and Implementation Pathways 

Scaling will require regulatory, economic, technical, and social constraints to be tackled together. Purely traditional 

building is disadvantaged in formal regulated markets, while purely modern sustainable building is too costly for all but 

high-value urban work (under 12% of demand). The realistic split is differentiated: strong traditional integration in rural 

markets (45% of volume), hybrid advantage in urban affordable housing (30%), and modern sustainable technology paired 

with traditional passive strategy in commercial and institutional work (25%) [48]. 

Market modelling suggests coordinated action could lift sustainable uptake from 8–12% to 25–35% within six to 

eight years. A three-phase rollout over 8–10 years is proposed: regulatory-reform pilots and demonstration projects in Years 

1–3; capacity building and market scaling in Years 4–6; and systematic adoption across major segments in Years 7–10. 

C. Policy and Regulatory Reform Recommendations 

The recommendations follow the evidence: performance-based regulation, economic incentives, and institutional 

capacity. On regulation, the priorities are codes that admit traditional materials meeting performance standards, fast-track 

approvals that cut timelines 30–45%, formal recognition of traditional building skills, and mandatory building-performance 
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disclosure [49]. Incentives should work both sides of the market—supply-side measures such as tax breaks and R&D support, 

and demand-side measures such as green finance, awareness campaigns, and utility rebates for efficient technologies. 

 

IX. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS 
 

A. Key Findings and Contributions 

This review finds real scope to combine traditional architectural knowledge with modern sustainable technology in 

addressing Nigeria’s environmental, economic, and social challenges. Traditional methods consistently outperform 

conventional modern construction on thermal comfort (35–50% better), environmental impact (80–92% less embodied 

energy and carbon), and cost (25–38% lower), but regulatory and social barriers cap their reach [50]. 

Modern sustainable construction still accounts for only 8–12% of new building despite rising awareness, held back 

chiefly by 18–35% cost premiums and regulatory complexity. The EDGE programme’s trajectory—37 certified projects 

over 712,395 m², saving 25,244 MWh of energy and 785,056 m³ of water and avoiding 13,772 tCO₂ each year—shows what 

is possible once the enabling conditions are right [7]. Hybrid case studies, with their 20–35% cost cuts, 35–68% energy 

savings, and high satisfaction, offer templates that travel across contexts and segments. 

Scaling could add an estimated 180,000–250,000 jobs a year and trim ₦500 billion–1.2 trillion from the annual 

import bill for construction materials. On the environment, it could cut the sector’s carbon footprint 15–25% by 2035, in line 

with Nigeria’s climate commitments [51]. 

B. Implications for Policy and Practice 

For policy, the throughline is a shift from prescriptive to performance-based codes, the correction of market failures 

through incentives, and the building of institutional capacity to deliver across tiers of government. For practitioners, 

sustainable expertise is becoming a competitive asset—best captured by positioning on lifecycle value and by pairing 

traditional knowledge holders with modern technical experts. The market already rewards it: sustainable-construction skills 

command fee premiums of 15–25% and open doors to international development and certified green projects [52]. 

C. Future Research Priorities 

Technical priorities include long-term monitoring of integrated buildings over 10–15 years, hybrid materials tuned 

to Nigeria’s climates, and climate-responsive design optimisation using advanced simulation and AI. Economic work is 

needed on incentive mechanisms, supply-chain development, innovative finance, and regional impact. Social-science 

questions centre on the cultural drivers of technology adoption, community engagement, and how traditional knowledge 

passes between generations. 

On method, promising directions include linking Building Information Modelling (BIM) to traditional construction 

knowledge, applying AI to design optimisation, using IoT for performance monitoring, and exploring blockchain for 

sustainable supply chains. Comparative studies in similar climates and economies, together with stronger South–South 

cooperation, would speed learning and technology transfer and help build Nigerian research capacity [53]. 

D. Strategic Implementation Roadmap 

Reorienting Nigeria’s construction sector will take coordinated, evidence-led action across many stakeholders. In 

the immediate term (6–12 months) that means launching regulatory-reform pilots, developing demonstration projects, 

standing up professional capacity-building programmes, and forming advocacy coalitions. Medium-term goals (1–3 years) 

centre on enacting code reform, scaling finance, and widening technical training. The long-term vision (3–8 years) is 25–

35% sustainable penetration by 2035 and a position for Nigeria as a regional leader, contributing to global climate goals by 

wedding traditional wisdom to modern innovation [54]. 
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