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Abstract: Potable water demand in the peri-urban Lagos State has necessitated the 

development of strategic combined power and water infrastructure. The techno-

economic viability assessment of a smart photovoltaic-water treatment system in peri-

urban Ikorodu, Lagos State was effected as an extenuation approach to pervasive 

insufficient potable water provision under the State’s integrated clean water initiatives. 

An energy technology foresight analysis methodology was used. The study determined 

an appropriate infrastructural option – a combined 180 kW smart PV, 400 m3/day smart 

water treatment system requiring 0.65 acres of land and generating 146,000 litres of 

potable water annually. The smart PV-water plant initiative was considered to have 

acceptable risk (Payback period between 16.29 to 18.41 years; Return on Investment 

= 5.43%) and viability at the minimum water price of $ 2.08/m3. It also had cost savings 

of $ 73,000/year relative to the water vendor supply option. The study recommended 

a reduction in plant operating costs to improve the viability of the smart PV-water 

treatment system. The study concluded that the smart PV-water treatment system 

project was technologically attainable, economically viable, and eco-friendly, and 

consequently recommended its establishment in the study area.  
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1.0 Introduction 

A modern water supply system is an essential critical infrastructure for a technologically advanced nation. Water is a 

strategic natural resource for human existence, and water provision is critical to the industrial, agricultural, transport, 

commercial and housing sectors of the economy [1, 2, 3]. Modern water supply systems are organised as public or 

privately-owned utilities, and entail drinking water sources, raw water collection locations, water purification facilities, 

water storage facilities, pumping stations, water distribution systems, and municipal wastewater disposal systems [4, 5, 

6]. Improved access to modern water systems has positive implications on the development of people and the economies 

of their communities; thus, it is imperative for governments to guarantee the provision of this critical infrastructure to 

their people [6, 7, 8, 9]. 

Developed States typically showcase advanced water supply systems, with the ability to get drinkable water from any 

tap on demand [6, 7, 8, 9]. These advanced water supply systems more often than not incorporate smart technologies in 

enhancing operations for the collection, treatment, distribution, consumption, monitoring, and management of water 

resources [11, 12, 13, 14]. The advanced water supply system is the desire of developing States; inopportunely, these 

States exhibit weak water supply systems, lack potable water, and present with limitations of technical inadequacies, 

restricted financing, uncontrolled population growth, water paucity, environmental contamination, and the unavailability 

of basic modern, or even advanced, water supply infrastructure [5, 6, 7, 8, 9, 10]. 

In Lagos State, a sub-national unit of a developing State, Nigeria, a distinguishing feature of the State Development Plan 

2052 is the aspiration for a reliable, accessible water supply, and the attainment of advanced municipal water supply 

infrastructure for sustainable socio-economic development [8, 15, 16, 17]. Lagos State has a daily potable water demand 

of 2.16 billion litres, yet its public supply system – comprising three major waterworks (Ije, Ishasi, and Adiyan), 27 

mini-waterworks, and 10 micro-waterworks – produces only 960 million litres. Just 35% of urban residents receive 

public water, forcing 65% to depend on informal sources such as wells/boreholes, water vendors, and rainwater [8, 15, 

16, 17]. This severe shortfall underscores urgent infrastructure deficits. Public water distribution faces multiple 

challenges, including pipeline leaks, illegal connections, overuse, and contamination. These issues are worsened by rapid 

population growth, weak policies, poor infrastructure investment, aging pipelines, climate change, unreliable electricity, 

and unregulated private wells and boreholes [8, 15, 16, 17]. 

Lagos State’s rapid population growth rate, high urbanization, economic growth, and increase in standard of living have 

accelerated municipal spatial expansion and advanced new settlements, including the development of peri-urban gated 

communities with residents in the middle-to-high income bracket.  

Lagos State's rapid population growth, intense urbanization, economic expansion, and rising living standards have 

spurred significant municipal sprawl. This has led to the emergence of new settlements, particularly peri-urban gated 

communities catering to middle- and high-income residents [18, 19, 20, 21].  These communities’ potable water demand 

further outstrips the municipal water supply, and their residents heavily rely on the previously identified private water 

sources, which more often than not, are procured at exorbitant rates [22, 23]. The limitations in public critical 

infrastructure investments foster water utility deficiencies which are projected to fester into the foreseeable future [24].  

Specific State efforts for the mitigation of the water utility limitations include formulating, instituting and establishing 

policy reform and infrastructural development measures – the Lagos Water Supply Master Plan (2011), the Lagos State 

Water Supply Project (LSWSP), the Lagos State Water Regulatory Commission, and the various State water supply 

schemes [6, 9, 17, 28, 29, 30]. These measures are aspired to rehabilitate existing and institute new infrastructural 

projects for increased access to and improved efficiency of the public water supplies, regulate water vendors and other 

private water system providers, and provide a safe and improved water supply through strategic smart infrastructure 

development [10, 16, 29, 30, 31].  Existing research on Lagos State’s potable water challenges highlights the 

government’s efforts to integrate off-grid solutions into its energy and water policies [8, 16, 17, 24]. Key issues identified 

include inadequate piped water coverage, risks of groundwater contamination, and limited private sector involvement. 

Proposed solutions range from off-grid desalination projects to community-based initiatives [8, 15, 17, 24]. 

The strategic domestic water infrastructure development planning entails targets of 3.12 billion litres/day and US$ 13 

billion in critical investments by 2035, with focus on substantial devolved public and private sector investments 

(technological and financial) in innovative urban water supply initiatives such as the smart solar powered municipal 

water infrastructure [24, 25, 26, 28, 29, 30, 31]. A pre-investment assessment of private-public partnership (PPP) in 

municipal utility infrastructure development has indicated community willingness to pay for water at a reasonable rate 

[24, 32, 33].  
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The smart photovoltaic-municipal water infrastructure is a dual smart-technology system – an intelligent water 

infrastructure powered by a smart photovoltaic system [34, 35, 36, 37].The configuration is a self-sufficient off-grid 

structure that supplies electricity to a localized municipal water system for a restricted group of customers, and helps 

minimize the electricity and water consumption with more efficient and cost-effective monitoring networks [34, 35, 36, 

37].  

According to EMSD [38], Enhar [39], City Energy [40], Singh and Ahmed [41], Tuser [42], Antzoulatos et al., [43], 

and Global Water Center [44], the smart photovoltaic-municipal water infrastructure uses inverters, sensors, automated 

controls, and smart meters to provide real-time data on the energy-water systems. The further reported that the inverters, 

operational as system intelligence, convert the PV panel DC output to AC; printed circuit board (PCB) designs enable 

power storage in batteries for when there is no sunlight; Internet of Things (IoT)-enabled sensors measure physical 

parameters and detect leaks, water losses and system inefficiencies; smart meters track PV power system energy use and 

water system consumption trends; automated controls control enable remote system operations, maximizing energy 

production and efficient water distribution. In addition, mobile apps/web portals facilitate billing systems, as well as 

power and water quality monitoring and control; wireless communication networks connect components and cloud 

platforms for centralized data storage; and data analytics empowers consumption patterns projections and operations 

optimization, so as to ensure instantaneous cost-effective sustainable water usage, reliable water quality assurance, and 

optimum waste reduction.  

This infrastructure is considered appropriate intervention technology due to the abundance and reliability of sunlight in 

Lagos State [45], the equipment’s relative affordability, environmental friendliness, and significant potential for 

employment and wealth creation [38, 39, 40].  

Inopportunely, the State reform efforts and water infrastructure development planning schemes have been ineffectual 

due to the limitations in state and private actor capabilities to adequately execute a robust techno-economic assessment 

of the critical PV-water infrastructure initiative, which is essential for planning and operation [45, 46]. Consequently, it 

is imperative to provide this strategic assessment of the smart PV-water infrastructure initiative as a vital policy 

intervention for the peri-urban residential gated communities in Lagos State.  

In this study, a techno-economic assessment of the proposed smart PV-water infrastructure was executed using 

appropriate engineering project management methods. The specific objectives were to assess the water consumption in 

a selected residential area; determine the technological specifications for the proposed smart PV-water system; ascertain 

its techno-economic viability; and examine potential techno-economic, environmental, and policy benefits consequent 

to its successful deployment. 

The study is significant as it provides critical policy intelligence on a novel smart PV-water supply system for Lagos 

State. 

The remainder of this paper is organized as follows: Section 2.0 provides the methodology and materials used in the 

study, while Section 3.0 presents the results and discussion. Conclusions and recommendations are presented in Section 

4.0. 

 

2.0 Materials and Methods 

The study utilised an energy technology foresight analysis (ETFA) framework. This framework is a systematic, 

participatory process encompassing intelligence gathering for informed decision-making vital to the advancement of a 

desired energy future. Methods are of three natures: Quantitative, Semi-quantitative, and Qualitative, and entail 

extrapolation, Delphi Techniques, and Strategic assessments, which may be deployed independently or interactively [47, 

48, 49, 50, 51].  

2.1 Location of Study Area  

According to Cityscape [52] and NigeriaGalleria [53], Ikorodu is a city located in north-east Lagos State, Nigeria. The 

Lagos Lagoon bounds the municipality to the south, Ogun State to the north, and Epe Division to the east. The city 

(Population: 1 million) is the 12th largest in the country, while its Local Government Area is the second largest in the 

State. Ikorodu is the fastest growing part-exurb of the Lagos metropolis, consequent to ever-increasing inflow of people 

from neighbouring areas attracted by its proximity to Lagos, approximately 37 km away, and separated by only the 

Lagos Lagoon. Ikorodu has significant industrial activities comprising farming, manufacturing, and trading. Ikorodu 
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comprises many public primary and secondary schools and two tertiary institution – Caleb University and Lagos State 

University of Science and Technology.  

Ikorodu was purposefully chosen for the study because of the significant number of new peri-urban, government-

approved, middle-to-high-income, gated communities for the ever-growing city population. Specifically, a proposed 

Public-Private Partnership (PPP)-based middle-income, gated community, with 155 3-bedroom semi-detached 

buildings, was purposively selected for the study. Residents in the housing estate will be predominantly middle-income, 

well-educated (Master’s degree or equivalent professional qualification) and have an average of 3 children per family. 

2.2 Assessment of Potable Water Consumption in the Selected Gated Community 

This section determined potable water consumption in the gated community in peri-urban Ikorodu, Lagos State. 

2.2.1 Determination of the population in the selected gated community  

𝐸𝑠𝑡𝑎𝑡𝑒 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑋 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠 𝑋 2   

                         …Eqn. 1 

 2.2.2 Determination of potable water needs in the gated community  

𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝑁𝑒𝑒𝑑𝑠 = 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 𝑋 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠 𝑜𝑟 𝑆𝑙𝑎𝑐𝑘     …Eqn. 2 

 Assuming daily domestic water consumption per capita of 150 Litres [24, 54], 

a) 𝐷𝑎𝑖𝑙𝑦 𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 = 𝐸𝑠𝑡𝑎𝑡𝑒 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑋 150𝐿 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 …Eqn. 3 

b) 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 = (𝑎) 𝑋 30 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ                 …Eqn. 4 

c) 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 = (𝑎) 𝑋 365 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟                    …Eqn. 5 

d) 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠 𝑜𝑟 𝑆𝑙𝑎𝑐𝑘:                 
i.    𝐷𝑎𝑖𝑙𝑦 𝐸𝑥𝑡𝑟𝑎 𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦 𝑝𝑒𝑟 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒 = 50 𝐿 [24]                        …Eqn. 5 

ii.   𝐷𝑎𝑖𝑙𝑦 𝐸𝑥𝑡𝑟𝑎 𝑊𝑎𝑡𝑒𝑟 𝑃𝑟𝑜𝑣𝑖𝑠𝑖𝑜𝑛 𝑖𝑛 𝐸𝑠𝑡𝑎𝑡𝑒 =
                                                               (𝑖) 𝑋 𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒𝑠       …Eqn. 6 

iii.   𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐸𝑥𝑡𝑟𝑎 𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦 𝑖𝑛 𝐸𝑠𝑡𝑎𝑡𝑒 =  (𝑖𝑖) 𝑋 30 𝐷𝑎𝑦𝑠                  …Eqn. 7 

iv.   𝑇𝑜𝑡𝑎𝑙 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦 𝑡𝑜 𝑡ℎ𝑒 𝐸𝑠𝑡𝑎𝑡𝑒 = 

      𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 + 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐸𝑥𝑡𝑟𝑎 𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦 𝑖𝑛 𝐸𝑠𝑡𝑎𝑡𝑒...Eqn. 8 

It is assumed that the initial pumping of water into the Estate’s water supply system would have a slack of 5 

days.  

Thus,  

   𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑠𝑒𝑟𝑣𝑒𝑠 𝑓𝑜𝑟 5 𝐷𝑎𝑦𝑠 = 

  𝐷𝑎𝑖𝑙𝑦 𝐸𝑠𝑡𝑎𝑡𝑒 𝑊𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 + 𝐷𝑎𝑖𝑙𝑦 𝐸𝑠𝑡𝑎𝑡𝑒 𝐸𝑥𝑡𝑟𝑎 𝑊𝑎𝑡𝑒𝑟 𝑆𝑢𝑝𝑝𝑙𝑦) 𝑋 5 𝐷𝑎𝑦𝑠 …Eqn. 9 

 

2.3 Determination of Technological Specifications for the Proposed Smart PV-Water 

Treatment System 

The technological specifications entail determining the sizes of the water treatment plant and the smart PV system 

to meet the electric power demand of the water plant. 

2.3.1 Estimated daily water demand for water treatment plant design  

= 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 𝑖𝑛 𝑒𝑠𝑡𝑎𝑡𝑒 𝐿/𝑑𝑎𝑦𝑠

30 𝑑𝑎𝑦𝑠
   …Eqn. 11 

2.3.2 Design specification for smart water treatment plant (SWTP) 

Assuming the water treatment plant operates at 75% efficiency,  

                SWTP design specification definition = 
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑑𝑎𝑖𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑑𝑒𝑚𝑎𝑛𝑑 

0.75
   …Eqn. 12 

 

2.3.3 Determining the size of the corresponding smart PV System  
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Assuming a moderate energy efficient system with electricity requirement of approximately 4 kWh/m3 and 

operational time of 15 hours/day [24] 

 

a. Daily energy demand = daily water demand X electricity requirement    …Eqn. 13 

 

b. Power Load Demand = 
𝐷𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑 

𝑝𝑜𝑤𝑒𝑟 𝑠𝑦𝑠𝑡𝑒𝑚 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑖𝑚𝑒
     …Eqn. 14 

 

Assuming the power plant operates at 75% efficiency, 

 

c. Power Plant Sizing = 
𝑃𝑜𝑤𝑒𝑟 𝐿𝑜𝑎𝑑 𝐷𝑒𝑚𝑎𝑛𝑑 

0.75
       …Eqn. 15 

 

2.3.4 Determination of land area for the smart PV-water treatment system 

(a) For the Smart PV Power Plant: 

Basic panel area is measured at 9 m2/kW [45] 

Added Infrastructure at 15% of basic panel area = Basic panel area X 1.15 

                                                                                                                …Eqn. 16 

(b) For the Smart Water Treatment Plant: 

Basic plant area estimated at 1.54 m2/m3 [24]  

Added Infrastructure at 25% of basic plant area = Basic plant area X 1.25 

            …Eqn. 17  

Total Land Area for Smart PV-Water Treatment System = (a) + (b)    …Eqn. 18  

2.4 Techno-Economic Specifications for the Smart PV-Water Treatment System  

The techno-economic analysis of the smart PV-water treatment system entailed estimating the total initial investment 

(sum of capital costs and cash-in-hand) and the total annual operating costs and evaluating the system’s economic 

viability using appropriate techniques. The capital costs include costs for the smart PV-water treatment system, the 

ancillary buildings and facilities, and the land. The cash-in-hand is equivalent to the total operating costs for one year. 

The total annual operating costs include costs for labour, energy, materials, depreciation, and other costs) [45, 46, 55, 

56, 57, 58].  

 

A project financial management template specifying the proportion of each cost article comparative to the total initial 

investment and annual operating costs was established based on data from technical reports, expert opinion, 

manufacturers' and equipment vendors’ price lists, local water vendors’ rates, and project financial analysis reports [55, 

56, 57, 58]. This template was substantiated by engineering project financial management specialists under the Nigerian 

Society of Chemical Engineers and the Nigerian Society of Engineers (Obafemi Awolowo University, Ile-Ife, branches). 

Project economic viability analysis entailed determining the levelised costs of water and the Net Present Value (NPV), 

Payback Period, and Return on Investment of the project [55, 56, 57, 58].   

 

 

2.5.1 Determination of the initial investment (fixed capital and cash-in-hand) 

i. The water treatment plant cost was determined from the conversion factor detailing average costs for a smart 

unit at $ 8.22/m3 [45], entailing the following costs: 

a. Design and engineering @ 15% 

b. Equipment and materials @ 50% 

c. Construction and installation @ 20% 

d. Smart Features (IoT/Automation) @ 15% 

 

ii. The power plant cost was determined from the conversion factor detailing average costs for a smart PV system 

at $ 1.60/W [45], entailing the following costs: 

a. Solar panels @ $ 0.30/W  
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b. Inverters @ $ 0.15/W 

c. Mounting Structures @ $ 0.10/W 

d. Battery @ $300/kWh 

e. Balance of systems @ $ 0.15/W 

f. Installation and Labour @ $ 0.30/W 

g. Smart system integration @ $ 15,000.00 

h. Other costs @ $ 15,000.00 

iii. Land costs were estimated from the cost of residential land in Ikorodu-Lagos at determined $ 1,510.00 per plot, 

with 6 plots equivalent to an acre of land [59]. 

iv. Costs of ancillary structures (the buildings and facilities) were estimated at 10% of the costs of the smart water 

treatment plant. This estimate was premised on engineering economics and project management experts’ 

advice.  

v. Cash-in-hand is a working capital type necessary to meet extant, short-term obligations [47, 48]. The cash-in-

hand was estimated to be equivalent to the first year's annual operating costs, premised on expert opinion. 

 

2.5.2 Determination of the total annual operating costs  
The total annual operating costs, comprising preliminary operating costs and depreciation, were calculated 

using a determined financial template. 

i. Preliminary operating costs were estimated using the equation: 

Preliminary Annual Operating Costs = 10% of the Smart PV-Water treatment plant Capital Cost  

      …Eqn. 19 

 

The annual operating costs template, as developed for this study [46, 56, 57, 58]: 

 

 

 

 

 

 

 

 

 

ii. Depreciation was analysed using the Straight-Line method [55, 57, 58]. The salvage value for the 

Smart PV-Water Treatment System as well as the administrative buildings and facilities, was assumed 

at 10% of their initial investment based on engineering project management specialists’ 

recommendations. 

 

𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒 = 10% 𝑜𝑓 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡          ...Eqn. 20 

 

Annual Depreciation = 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡−𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑌𝑒𝑎𝑟𝑠
                          …Eqn. 21  

 

Annual Depreciation (%) = 
𝐴𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
 X 100%                       …Eqn. 22 

 

2.5.3 Determination of levelized cost of the smart PV-water treatment system 

The levelized cost of the potable water from the smart PV-water treatment system is the net cost of installing the smart 

system divided by its expected lifetime potable water output.  Basically, it estimates the minimum unit price of potable 

water needed to break even over its expected lifetime [55, 57, 58]. 

 

 

 

 

Costs (%) 

Depreciation (2.1%) 

Labour 

Energy 

Materials 

Other costs (insurance, taxes, etc)  

Total Operating Costs (Annual) 

28.55 

25.50 

18.10 

18.02 

9.83 

100 
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Levelized Cost of Potable Water Production  

                                        =  
 𝑠𝑢𝑚 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

𝑠𝑢𝑚 𝑜𝑓 𝑝𝑜𝑡𝑎𝑏𝑙𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
                 ...Eqn. 23 

OR 

 

                                    =  
 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑐𝑜𝑠𝑡𝑠

 𝑝𝑜𝑡𝑎𝑏𝑙𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑/𝑦𝑒𝑎𝑟 𝑥 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑙𝑖𝑓𝑒𝑠𝑝𝑎𝑛 
  …Eqn. 24 

 

The time value of the annual operating costs was assumed to be constant over the project’s 25-year lifespan, equal to its 

costs at Year 1[55, 57, 58]. 

 

Accordingly, 

      Total value of project lifecycle operating costs  = 25 𝑦𝑒𝑎𝑟𝑠 × 𝐹𝑖𝑟𝑠𝑡 𝑦𝑒𝑎𝑟 𝑐𝑜𝑠𝑡𝑠    …Eqn. 25 

 

The Present value of a future sum of money is estimated by discounting it at a preferred compound interest rate [55, 57, 

58]:   

 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 (𝑃𝑉) = 𝐹(𝑃/𝐹 , 𝐼, 𝑁)                   …Eqn. 26 

 

Where,  

        F = future cash flow, and 

       (P/F, I, N) = the discounting factor for calculating the time value of money [55, 57, 58].  

 

The Interest Rate (I) of 30% is Nigeria's commercial loan interest rate as determined by the Central Bank of Nigeria 

(CBN) as of November 30, 2024. The number of years (N) is 1 year. 

 

2.5.4 Determination of the estimated minimum annual revenue for the potable water initiative             

With the levelised cost of potable water calculated, and the extant price of vendor purchased water determined, the 

preferred price per unit of potable water for this study was assumed as the midpoint between these costs.  

Consequently, the minimum annual revenue for the potable water initiative to justify it as a going concern is [55, 57, 

58]:  

 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 =  𝑎𝑛𝑛𝑢𝑎𝑙 𝑝𝑜𝑡𝑎𝑏𝑙𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  𝑋 𝑝𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡     

                                                                                                                                     …Eqn. 27 

 

2.5.5 Determination of Net Present Value, Payback Period, and Return on Investment for the potable water 

initiative    

i. The Net Present Value (NPV) is a financial metric for evaluating an investment's viability (or otherwise). An 

investment is considered viable if the NPV is greater than or equal to zero [55, 57, 58]. 

 

Net Present Value (NPV)  

= 𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 −
                           𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑠𝑡𝑠 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑃𝑟𝑒𝑠𝑒𝑛𝑡   …Eqn. 28  

           

ii. The Payback Period depicts the minimum time required for an investment to pay for itself. Shorter payback 

periods indicate an investment's attractiveness, principally with respect to risk; consequently, the payback 

period is a veritable tool in project planning and risk assessment [55, 57, 58]. 

  

Payback Period = 
𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕

𝑨𝒏𝒏𝒖𝒂𝒍𝒊𝒛𝒆𝒅 𝒆𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝒄𝒂𝒔𝒉 𝒊𝒏𝒇𝒍𝒐𝒘
 ……………………………..Eqn. 29 

 

iii. The Return on Investment (ROI) is a financial performance metric used for evaluating investment profitability 

or efficiency. The ROI, presented in percentages, measures an investment’s returns relative to its costs. The 

ROI is also used as a veritable tool in project planning and risk assessment [55, 57, 58]. 
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Annual Return on Investment (ROI) = 
𝑨𝒏𝒏𝒖𝒂𝒍 𝑵𝒆𝒕 𝑷𝒓𝒐𝒇𝒊𝒕

𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕
 X 100 %........................Eqn. 30 

 

 

2.6 Analytical Tools 

The study adopted an Energy Technology Foresight Analysis (ETFA) framework as its methodological foundation. For 

Section 2.2 (Assessment of Potable Water Consumption in the Selected Gated Community), the analysis employed 

industrial process calculation methodologies. Section 2.3 (Determination of Technological Specifications for the 

Proposed Smart PV-Water Treatment System) incorporated comprehensive plant design calculations. Section 2.4 

(Techno-Economic Specifications of the Smart PV-Water Treatment System) utilised engineering economic analysis 

techniques, including Straight-Line Depreciation, Net Present Value analysis, Levelized Cost of Water (LCoW) 

technique, Payback Period and Return on Investment assessments, complemented by descriptive statistics for robust 

financial evaluation. 

 

3.0 Results and Discussions 

This section presents the key findings of the research and their interpretation. 

3.1 Potable Water Consumption Estimates for the Gated Community 

The gated community’s population was estimated at 1,550 residents. The community demonstrated a calculated monthly 

water demand of 6.98 million litres plus 1.70 million litres reserve capacity, yielding a total monthly demand of 8.68 

million litres. This equates to 289.33 thousand litres/day (186.67 litres/capita/day) – the assumed benchmark for the PV-

water treatment system design. These specifications exceed Nigeria's (20-50 litres) and EU's (50-150 litres) norms but 

remain below US standards (300-380 litres) [24]. The elevated planning and design parameters are not considered 

inappropriate as they account for Nigeria's endemic potable water scarcity and municipal water infrastructure failures, 

necessitating robust storage capacities across built environments. 

 

 

Table 1: Potable Water Consumption Estimates for the Gated Community in Ikorodu,  

                  Lagos State 

S/N Technological Specification Quantity 

1. Population of Gated Community 1550 people 

 

2. Domestic Water Needs of Gated Community: 

a. Daily water demand 

b. Monthly water demand 

c. Annual water demand 

d. Monthly water reserve/slack  

e. Total Monthly Water Needs 

 

 

232,500 Litres (232.5 m3) 

6,975,000 L (6,975 m3) 

84,862,500 L (84,862.5 m3) 

1,705,000 L (1,705 m3) 

8,680,000 L (8,680 m3) 

 

3. Daily water demand for smart water treatment 

plant design specification 

 

289,333.33 L (289.3 m3) 

4. Daily water demand per capita in the Gated 

Community 

186.67 L (0.1867 m3) 
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3.2 Technological Specifications for the Smart PV-Water Treatment System  

The smart water treatment plant was designed for a nominal capacity of 400 m³/day operating at 75% efficiency (Table 

2). System analysis revealed an associated daily electricity demand of 1,600 kWh. Given the planned 15-hour daily 

operation window, this translates to a required pump power load of 106.67 kW. To meet this demand at 75% conversion 

efficiency, the photovoltaic system was sized at 177.77 kW (approximated to 180 kW). The integrated PV-water 

treatment system requires an estimated 0.65 acres (2,631 m²) of land area for installation. 

 

From a technology foresight perspective, the derived technical specifications provide robust foundations for strategic 

planning of potable water initiatives throughout Nigeria's South-West geopolitical zone, particularly within the Greater 

Lagos Metropolitan Area. These calculations align with three critical frameworks: (i) regional development priorities, 

(ii) national water infrastructure agendas, and (iii) the United Nations Sustainable Development Goal 6 (Clean Water 

and Sanitation). The quantified parameters enable evidence-based decision-making for sustainable water infrastructure 

deployment across the region. 

 

Table 2: Technological Specifications for the Smart PV-Water Treatment System 

 

S/N Technological Specification Quantity 

1. Design specification of a smart water treatment plant assuming 

75% efficiency. 

 

386 m3/day (approximated to  

400  m3/day) 

2.  Domestic Electricity/Power Supply Demand for the Smart Water 

Treatment System 

a. Daily electricity demand for the smart treatment plant @ 

4kWh/m3 

b. Average power load of installed pumps required for 15 

hrs/day operations 

 

 

 

1600 kWh/day 

 

106.67 kW 

 

3. Design specification of a smart PV power plant for a water 

treatment system, assuming 75% efficiency 

 

177.77 kW (approximated to 180 kW) 

4.  Land Area for Smart PV-Water Treatment System: 

a. Smart PV plant (basic panel area  

+ accessories) 

b. Smart water treatment plant (basic area  

+ accessories) 

c. Total land area 

 

 

 

1,863 m2 (0.46 acres, 2.76 plots) 

 

768.75 m2 (0.19 acres, 1.14 plots) 

 

2,631.75 m2 (0.65 acres, 3.9 plots) (Approximated 

to 4 plots) 

 

 

3.3 Techno-economic Analysis of the Smart PV-Water Treatment System  

The smart PV-water treatment system requires a total investment of $1.83 million, consisting of $1.63 million in capital 

expenditures and $204.2 in available cash reserves. Annual operating costs are projected at $204.2 thousand, with the 

most significant expenses being plant and building depreciation ($58,320) and labour ($52,080) (Table 3). The levelized 

water production cost was $1.58/m³, which is $1.00/m³ lower than the prevailing rate of $2.58/m³ in Ikorodu, Lagos. By 

implementing a consumer price for water at $2.08/m³, a profit margin of $0.50/m³ can be achieved, resulting in estimated 

annual revenue and profit of $303,680 and $99,440, respectively, based on an annual production volume of 146,000 m³. 

Project financial viability is further supported by a positive Net Present Value (NPV) of $1,834,414.80 over the 25-year 

lifespan, a payback period ranging between 16.29 and 18.41 years, and a Return on Investment (ROI) of 5.43%, all of 

which indicate manageable risk. The techno-economic analysis confirms that the smart PV-water treatment system can 

sustainably supply potable water to the peri-urban gated community in Ikorodu, Lagos, at $2.08/m³, balancing cost-

competitive pricing, managed financial risk, and strong long-term viability. The implementation of the project is 

technically and economically justifiable and therefore recommended for execution. 
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Table 3: Techno-Economic Assessment of the Smart PV-Water Treatment System 

 Costs (US$) 

Capital Costs 

400 m3/day Smart Water Treatment Plant  

180 kW Smart PV System 

Land        

Administrative Building + Facilities 

Cash-in-Hand  

Total Investment 

 

 

1,200,000.00 

300,000.00 

6,040.00 

120,000.00 

204,240.00 

1,830,280.00 

  

Operations Costs (Annual) 

Depreciation  

Labour 

Energy 

Materials 

Other costs  

Total Operating Costs (Annual) 

 

 

58,320.00 

52,080.00 

36,960.00 

36,810.00 

20,070.00 

204,240.00 

Annual Water Production 

Salvage value of Smart PV-Water System 

Levelized cost of Water  

Extant price of Water in 25-Litre kegs in Ikorodu  

Estimated selling price of Water  

Profit margin 

Estimated Annual Revenues 

Estimated Annual Profits  

Net Present Value (NPV) 

Payback Period 

Annual Return on Investment 

 

146,000 m3 

$ 304,425.00 

$ 1.58/m3 

$ 2.58/m3 

$ 2.08/m3            

$ 0.50/m3 

$303,680.00 

$ 99,440.00 

$ 1,834,414.80 

16.29 – 18.41 years   

5.43% 

 

 

3.4 Socio-economic Benefits of the Smart PV-Water Treatment System in peri-urban 

Ikorodu, Lagos State  

The water supply infrastructure in Lagos State remains critically inadequate, forcing residents to depend on alternative 

sources such as water vendors and private wells/boreholes for domestic needs. Research by Ogundari [24] confirms that 

households currently pay approximately $2.58/m³ for vended water. This study’s analysis reveals that a proposed smart 

PV-water treatment system could produce water at a significantly lower levelized cost of $1.58/m³ – 38.8% cheaper than 

current vendor prices – demonstrating strong market potential. Even when priced at $2.08/m³ to ensure project viability, 

the system would still undercut vendor rates by 19.4%. Implementation would yield substantial economic benefits, 

including annual savings of $73,000 for Ikorodu’s gated community residents (Table 4), while simultaneously providing 

reliable access to clean water. Beyond cost advantages, the system would address critical public health needs through 

guaranteed water quality, representing economic and social improvement over existing water supply solutions. 

 

Table 4: Comparative Costs of Water Consumption: Water Vendor vs Smart PV-Water  

                  System  

 

Source of Water Water Consumption (m3/Year) Cost of Water 

($/m3) 

Total Costs/Yr 

($) 

Water Vendor 146,000 2.58 376,680.00 

Smart PV-Water System  146,000 2.08 303,680.00 

           Savings 0.50 73,000.00 
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4.0 Conclusion and Recommendation 

This study evaluated the techno-economic feasibility of implementing a smart PV-powered water treatment system to 

address potable water needs in Ikorodu, a peri-urban region of Lagos State, as a strategic input to domestic clean water 

development in Nigeria. Using Energy Technology Foresight Analysis, the research examined water demand, patterns, 

technical requirements, and economic factors to determine an optimal configuration: a hybrid 180 kW PV system, 

coupled with a 400 m³/day water treatment plant requiring 0.65 acres of land. The proposed system could produce 

146,000 m³ of clean water annually while demonstrating financial viability at a competitive price of $2.08/m³ –offering 

$73,000 in annual savings compared to existing water vending alternatives. While the project shows promising 

technological feasibility, environmental benefits, and acceptable risk levels (with a 5.43% ROI and 16–18-year payback 

period), the study suggests enhanced viability further by reducing operational costs, particularly the substantial 30% 

bank interest rate. The findings strongly support implementing this sustainable water solution in the target community 

as it effectively combines technical achievability, economic sustainability, and ecological advantages. 

 

Future efforts should prioritize expanding the smart PV-water treatment system to other underserved communities, 

adapting designs to local conditions through feasibility studies. Research should investigate integrating IoT-based smart 

water grids and hybrid renewable energy systems to boost reliability. Policy development must focus on creating 

supportive frameworks and financing mechanisms to enable wider adoption. Long-term monitoring should assess 

environmental and economic impacts while optimizing costs through innovative financing and scaled deployment. 

Successful implementation will require community education programs and local technician training to ensure 

sustainable operation. These combined technical, policy, and social interventions will help scale this sustainable water 

solution across Lagos State and Nigeria. 

 

5.0 References 

[1] K. Bakker, Post-Water Political-Economics. International Journal of Water Resources Development, 39(4), 

(2023).  567-582.  

[2] X. Leflaive, The economics of water scarcity, OECD Environment Working Papers, No. 239, OECD 

Publishing, Paris, (2024), https://doi.org/10.1787/81d1bc0a-en. 

[3] A. Sultana, Q. Sultana, Design of Water Supply Distribution System: A Case Study, International Journal of 

Scientific Research and Review, ISSN No.: 2279-543XVolume 07, Issue 06, (2019), UGC Journal No.: 

64650435 

[4]  M. Ait-Kadi, Water for development and development for water: Realizing the Sustainable Development Goals 

(SDGs) vision, Aquat. Procedia, 6, (2016), 106–110. 

 [5] OECD, Water and Other Urban Infrastructure Services Sector: Lessons from Project Evaluations January 2017–

August 2020, (2021):  https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-

synthesis.pdf 

[6] B. U. Ngene, C. O. Nwafor, G. O. Bamigboye, A. S. Ogbiye, J. O. Ogundare, and V. E. Akpan, Assessment of 

water resources development and exploitation in Nigeria: A review of integrated water resources management 

approach, Heliyon, Volume 7, Issue 1, (2021), 

[7] A. O. Momoh, Sustainability implications of Nigeria’s water use patterns CSEA Working Paper DPS/19/01, 

(2019),  https://cseaafrica.org/wp-content/uploads/2019/07/Sustianability-Implications-of-Nigerias-Water-

Use-Patterns-1.pdf 

[8] Environmental and economic Resource Centre (eerce.org). Water, Sanitation and Hygiene (WASH) Situation 

in Lagos State, Nigeria, (2024) https://eerce.org/wp-content/uploads/2024/03/WASH_Publication_EERC-

2023.pdf  

[9] O. B. Akpor, M. Muchie, Challenges in Meeting the MDGs: The Nigerian Drinking Water Supply and 

Distribution Sector, Journal of Environmental Science and Technology, (2011), 4: 480-489. 

[10 A. O., Ayeni, A. S. Omojola, and M. J. Fasona, Urbanization and water supply in Lagos State, Nigeria: The 

challenges in a climate change scenario, (N. D.) https://www.iwra.org/member/congress/resource/PAP00-

5503.pdf 

[11] D. L. Owen, Smart water management, River, Volume 2, Issue 1, (2023), 21-29, 

https://doi.org/10.1002/rvr2.29  

https://doi.org/10.1787/81d1bc0a-en
https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-synthesis.pdf
https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-synthesis.pdf
https://cseaafrica.org/wp-content/uploads/2019/07/Sustianability-Implications-of-Nigerias-Water-Use-Patterns-1.pdf
https://cseaafrica.org/wp-content/uploads/2019/07/Sustianability-Implications-of-Nigerias-Water-Use-Patterns-1.pdf
https://eerce.org/wp-content/uploads/2024/03/WASH_Publication_EERC-2023.pdf
https://eerce.org/wp-content/uploads/2024/03/WASH_Publication_EERC-2023.pdf
https://www.iwra.org/member/congress/resource/PAP00-5503.pdf
https://www.iwra.org/member/congress/resource/PAP00-5503.pdf
https://doi.org/10.1002/rvr2.29


 
 

JDFEWS 6 (1): 42-56, 2025 

ISSN 2709-4529 

 

Ogundari, Bakare & Salu, (2025)                               JDFEWS 6(1), 2025, 42-56 

 

 

[12] A. Ram, Z. Begum Irfan, Nudging urban residential water conservation through smart metering, Water Science 

Policy, (2022), https://doi.org/10.53014/TJVH6996  

[13] M. Riis, Energy saving potential in a water distribution system, Presentation at the SWAN Forum 2015 Smart 

water: The time is now! London, 29-30 April (2015) 

[14] J. L. Webber, T. Fletcher, R. Farmani, D. Butler, P. Melville-Shreeve, Moving to a future of smart stormwater 

management: A review and framework for terminology, research, and future perspectives, Water Research, 218 

(2022), 118409. 

[15] Lagos State Ministry of Economic Planning and Budget (LSMEPB). Lagos State Development Plan 2022-

2052, (2022). https://api.lagosmepb.org/lsdp-resources/LSDP_2052_The_Strategy.pdf Accessed 7th July, 

2025  

[16] WaterAid, WaterAid Nigeria rolls out project to improve public health in Lagos State, (2022), 

https://www.wateraid.org/ng/media/wateraid-nigeria-rolls-out-project-to-improve-public-health-in-lagos-

state#:~:text=About%20WaterAid&text=*%20In%20Nigeria:,%2C%20sanitation%2C%20and%20hygiene%

20services. Accessed 5th July, 2025  

[17]  Lagos State Ministry of Environment & Water Resources (2025). Lagos State Water Corporation (LWC), 

https://moelagos.gov.ng/agencies/lagos-water-corporation-lwc/ Accessed 7th July, 2025 

[18] A. F. Koko, M. Bello, Exploring the contemporary challenges of urbanization and the roles of sustainable urban 

development: A study of Lagos City, Nigeria, Journal of Contemporary Urban Affairs, 7 (1), (2023), 175-188. 

DOI: 10.25034/ijcua,2023.v7n1-12 

[19] A. Adeniran, K. A. Daniell, J. Pittock, Water infrastructure development in Nigeria: Trend, size, and purpose, 

Water, 13, (2021), 2416. https://doi.org/10.3390/w131724 

[20] World Bank, Lagos Multi-Sector Analytical Review and Engagement Framework, 

(2023),https://documents1.worldbank.org/curated/en/099062123034033244/pdf/P17503103a7098030b90101

cc631d429ca.pdf 

[21] K. E. Ogundipe, J. D. Owolabi, B. F. Ogubayo, C. O. Aigbavboa, Exploring inhibiting factors to affordable 

housing provision in Lagos Metropolitan City, Nigeria, Frontiers in Built Environment, Volume 10 (2024), 

https://doi.org/10.3389/fbuil.2024.1408776  

[22] O. F. Olabode, J.-C. Comte, Water scarcity in the fast-growing megacity of Lagos, Nigeria and opportunities 

for managed aquifer recharge. WIREs Water, 11(5), (2024), Article e1733. https://doi.org/10.1002/wat2.1733 

[23] D. O. Olukanni, M. O. Ajetomobi, S. O. Tebowei, O. O. Ologun, O. M. Kayode, Water Supply and Sanitation 

Challenges in an Urban Setting: A Case Study, International Journal of Engineering and Applied Sciences, 

Volume 1, Issue 3, (2014) ISSN: 2394-3661.  

[24] I. O. Ogundari, Project planning analysis for off-grid municipal water desalination critical infrastructure project 

development in Metropolitan Lagos, Nigeria, In O. O. Adejuwon and A. A. Egbetokun (Eds.) Technology 

Management and the Challenges of Sustainable Development: A Festschrift for Matthew Ilori (2022), DOI: 

10.69798/k6137486, Koozakar Publishing, Atlanta, Georgia, USA https://koozakar.com/journal/KJ-26053248 
 [25]  O. Ohwo, Challenges of public water provision in Nigerian cities: a review, Journal of Water, Sanitation and 

Hygiene for Development, 6 (1), (2016), 1-12 

[26]  A. U. Oteri, R. A. Ayeni, The Lagos Megacity, (2016),   

            http://eaumega.org/wp-content/uploads/2016/05/EN-Lagos-Monograph.pdf 

[27] J. M. Vanbriesen, D. A. Dzombak, L. Zhang, Sustainable Urban Water Supply Infrastructure, Comprehensive 

Water Quality and Purification, Volume 4, (2014), 427-449.  

[28] World Bank (N. D.): Lagos State Water Supply Project, https://projects.worldbank.org/en/projects-

operations/project-detail/P002082  

[29] World Bank (2019): Water supply, sanitation & hygiene – a wake-up call, 

https://openknowledge.worldbank.org/bitstream/handle/10986/31514/Nigeria-Biannual-Economic-Update-

Water-Supply-Sanitation-and-Hygiene-A-Wake-up-Call.pdf;sequence=1 

[30] World Bank (2021a): Improving water supply, sanitation and hygiene services in Nigeria, 

https://www.worldbank.org/en/news/press-release/2021/05/25/improving-water-supply-sanitation-and-

hygiene-services-in-nigeria  

[31] World Bank (2021b): Nigeria: Ensuring water, sanitation and hygiene for all, 

https://www.worldbank.org/en/news/feature/2021/05/26/nigeria-ensuring-water-sanitation-and-hygiene-for-

all 

https://doi.org/10.53014/TJVH6996
https://api.lagosmepb.org/lsdp-resources/LSDP_2052_The_Strategy.pdf
https://www.wateraid.org/ng/media/wateraid-nigeria-rolls-out-project-to-improve-public-health-in-lagos-state#:~:text=About%20WaterAid&text=*%20In%20Nigeria:,%2C%20sanitation%2C%20and%20hygiene%20services
https://www.wateraid.org/ng/media/wateraid-nigeria-rolls-out-project-to-improve-public-health-in-lagos-state#:~:text=About%20WaterAid&text=*%20In%20Nigeria:,%2C%20sanitation%2C%20and%20hygiene%20services
https://www.wateraid.org/ng/media/wateraid-nigeria-rolls-out-project-to-improve-public-health-in-lagos-state#:~:text=About%20WaterAid&text=*%20In%20Nigeria:,%2C%20sanitation%2C%20and%20hygiene%20services
https://moelagos.gov.ng/agencies/lagos-water-corporation-lwc/
https://doi.org/10.3390/w131724
https://documents1.worldbank.org/curated/en/099062123034033244/pdf/P17503103a7098030b90101cc631d429ca.pdf
https://documents1.worldbank.org/curated/en/099062123034033244/pdf/P17503103a7098030b90101cc631d429ca.pdf
https://doi.org/10.3389/fbuil.2024.1408776
https://doi.org/10.1002/wat2.1733
https://koozakar.com/journal/KJ-26053248
http://eaumega.org/wp-content/uploads/2016/05/EN-Lagos-Monograph.pdf
https://projects.worldbank.org/en/projects-operations/project-detail/P002082
https://projects.worldbank.org/en/projects-operations/project-detail/P002082
https://openknowledge.worldbank.org/bitstream/handle/10986/31514/Nigeria-Biannual-Economic-Update-Water-Supply-Sanitation-and-Hygiene-A-Wake-up-Call.pdf;sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/31514/Nigeria-Biannual-Economic-Update-Water-Supply-Sanitation-and-Hygiene-A-Wake-up-Call.pdf;sequence=1
https://www.worldbank.org/en/news/press-release/2021/05/25/improving-water-supply-sanitation-and-hygiene-services-in-nigeria
https://www.worldbank.org/en/news/press-release/2021/05/25/improving-water-supply-sanitation-and-hygiene-services-in-nigeria
https://www.worldbank.org/en/news/feature/2021/05/26/nigeria-ensuring-water-sanitation-and-hygiene-for-all
https://www.worldbank.org/en/news/feature/2021/05/26/nigeria-ensuring-water-sanitation-and-hygiene-for-all


 
 

JDFEWS 6 (1): 42-56, 2025 

ISSN 2709-4529 

 

Ogundari, Bakare & Salu, (2025)                               JDFEWS 6(1), 2025, 42-56 

 

 

 [32] I. O. Ogundari, F. A. Otuyemi, Project Planning and Control Analysis for Suburban Photovoltaic Alternative 

Electric Power Supply in Southwestern Nigeria, African Journal for Science, Technology, Innovation and 

Development, (2020), 1-19, https://www.tandfonline.com/doi/abs/10.1080/20421338.2020.1802842  

[33] I. O. Ogundari, P. O. Ayoola, H. O. Bakare, Techno-economic assessment of municipal natural gas-powered 

(off-grid) alternative electric power supply in Lagos State, Nigeria, Ife Journal of Technology, Vol 28 (1), 

(2021), 28 - 36  

[34] M. Rumbayan, I. Pudoko, S. R. U. Sompie, D. G. S. Ruindungan, Integration of smart water management and 

photovoltaic pumping system to supply domestic water for rural communities, (2024) doi: 

10.2319/ssrn.4851443 

[35] S. G. Srivani, V. S. Prajwal, T. R. Neha, C. Manoj, V. Srinivasulu, Intelligent grid interfaced solar hydro fuzzy 

pump system using MPPT,"  7th International Conference on Computation System and Information 

Technology for Sustainable Solutions (CSITSS), Bangalore, India, 2023, pp. 1-6, doi: 

10.1109/CSITSS60515.2023.10334123. 

[36] H. E. M. George-Williams, D. V. L. Hunt, C. D. F. Rogers, Sustainable water infrastructure: Visions and 

options for Sub-Saharan Africa, Sustainability, 16, (2024), 1592, https://doi.org/10.3390/su16041592 

[37] xylem, The water utility of the future – from smart metering to digital transformation, (2022), 

https://www.xylem.com/en-us/making-waves/water-utilities-news/the-water-utility-of-the-future--from-

smart-metering-to-digital-transformation/  

[38] The Electrical and Mechanical Services Department (EMSD), Handbook on design, operation and maintenance 

of solar photovoltaic systems, (N. D.) 

https://re.emsd.gov.hk/files/1_Handbook_on_Design_O&M_of_Solar_PV.pdf 

[39] Enhar, Solar PV Specification: Design, install and maintain Solar PV systems at La Trobe University, (2017), 

https://www.latrobe.edu.au/__data/assets/pdf_file/0010/1067779/RE034-Solar-PV-Specification.pdf 

[40] City Energy, Technical specifications for solar PV installations, (N.D.), https://www.cityenergy.org.za/wp-

content/uploads/2021/02/Technical-specifications-for-solar-PV-installations.pdf   
[41] M. Singh, S. Ahmed, IoT based smart water management systems: A systematic review, Materials Today: 

Proceedings, Vol 46, Part 11, (2020), 5211-5218 

[42] C. Tuser, What is smart water technology? (2021), https://www.wwdmag.com/what-is-

articles/article/10939511/what-is-smart-water-technology 

[43] G. Antzoulatos, C. Mourtzios, P. Stournara, I.-O. Kouloglou, N. Papadimitriou, D. Spyrou, A. Mentes, E. 

Nikolaidis, A. Karakostas, D. Kourtesis, S. Vrochidis, I. Kompatsiaris, Making urban water smart: the SMART-

WATER solution, Water Science & Technology, 82 (12), (2020), 2691-2710. 

https://doi.org/10.2166/wst.2020.391 

[44] Global Water Center, Solar Powered Water Systems: Design and Installation Guide, 

(2021),https://globalwatercenter.org/wp-

content/uploads/2024/04/Solar_Powered_Water_Systems_Guide_02-2021_English.pdf 

[45] B. O. Salu, I. O. Ogundari, S. I. Anih, J-F. K. Akinbami, Assessment of roof tilt and building azimuth for off-

grid photovoltaic power for buildings in Metropolitan Lagos, Nigeria, Journal of Digital Food, Energy and 

Water Systems, 5(1), (2024), 120-133 

[46] I. O. Ogundari, B. O. Salu, O. T. Ilesanmi, O. H. Bakare, Techno-economic assessment of liquefied petroleum 

gas-powered alternative electricity critical infrastructure development in Nigeria’s South-West Geopolitical 

Zone, Journal of Digital Food, Energy and Water Systems, 5 (1), (2024), 104 – 119. 

[47] Gibson, E., Daim, T., Garces, E., Dabic, M. (2018): Technology Foresight: A Bibliometric Analysis to Identify 

Leading and Emerging Methods. Foresight and STI Governance, vol. 12, no 1, pp. 6–24. DOI: 10.17323/2500-

2597.2018.1.6.24 

[48] Lee, W-I., (2015): Technology Foresight and Its Implementation Strategy, International Journal of Innovation, 

Management and Technology, Vol. 6, No. 6, December 2015 

[49] Technology Futures Analysis Methods Working Group (TFG) (2004): Technology futures analysis: Toward 

integration of the field and new methods, Technological Forecasting and Social Change, vol. 71, pp. 287-303. 

[50] UNIDO (2014): Technology Foresight. Retrieved May 10, 2014 from: http://www.unido.org/foresight.html. 

[51] H. Yim, Technology foresight in practice, case study of Korea, Korea Institute of S&T Evaluation and Planning 

(KISTEP) (2010) 

[52] Cityscape, Ikorodu sub-region masterplan, 2016-2036, (2020), 

https://www.scribd.com/document/571071844/2020-Ikorodu-MasterPlan  

https://www.tandfonline.com/doi/abs/10.1080/20421338.2020.1802842
https://doi.org/10.3390/su16041592
https://www.xylem.com/en-us/making-waves/water-utilities-news/the-water-utility-of-the-future--from-smart-metering-to-digital-transformation/
https://www.xylem.com/en-us/making-waves/water-utilities-news/the-water-utility-of-the-future--from-smart-metering-to-digital-transformation/
https://re.emsd.gov.hk/files/1_Handbook_on_Design_O&M_of_Solar_PV.pdf
https://www.latrobe.edu.au/__data/assets/pdf_file/0010/1067779/RE034-Solar-PV-Specification.pdf
https://www.cityenergy.org.za/wp-content/uploads/2021/02/Technical-specifications-for-solar-PV-installations.pdf
https://www.cityenergy.org.za/wp-content/uploads/2021/02/Technical-specifications-for-solar-PV-installations.pdf
https://www.wwdmag.com/what-is-articles/article/10939511/what-is-smart-water-technology
https://www.wwdmag.com/what-is-articles/article/10939511/what-is-smart-water-technology
https://doi.org/10.2166/wst.2020.391
https://globalwatercenter.org/wp-content/uploads/2024/04/Solar_Powered_Water_Systems_Guide_02-2021_English.pdf
https://globalwatercenter.org/wp-content/uploads/2024/04/Solar_Powered_Water_Systems_Guide_02-2021_English.pdf
http://www.unido.org/foresight.html
https://www.scribd.com/document/571071844/2020-Ikorodu-MasterPlan


 
 

JDFEWS 6 (1): 42-56, 2025 

ISSN 2709-4529 

 

Ogundari, Bakare & Salu, (2025)                               JDFEWS 6(1), 2025, 42-56 

 

 

[53] NigeriaGalleria, Ikorodu Town, (2021), https://nigeriagalleria.com/Nigeria/States_Nigeria/Lagos/History-of-

Ikorodu-in-Lagos.html 

[54] OECD, Water and Other Urban Infrastructure Services Sector: Lessons from Project Evaluations January 2017–

August 2020, (2021), https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-

synthesis.pdf 

[55] K. Nagarajan, Project Management, New Age International (P) Ltd, Publishers, (2010), New Delhi, India.  

[56] L. Blank, A. Tarquin, Engineering Economy: Seventh Edition, McGraw-Hill, (2012), New York, NY, USA.  

[57] Shah, Engineering Economics and Project Financing, Higher Education Commission H-9, Islamabad, Pakistan, 

ISBN 978-969-417-201-9, (2012), http://prr.hec.gov.pk   

[58] W. G. Sullivan, J. A. Bontadelli, E. M. Wicks, Engineering Economy, Eleventh Editions, Prentice Hall, (2000), 

Upper Saddle River, New Jersey, USA. 

[59] Nigeria Property Centre, Land sale in Ikorodu, Lagos State, http://nigeriapropertycentre.com Accessed 

October 30, 2024 

 

 

 

6. Authors 

Ibikunle Olalekan Ogundari, MTechMgt, PhD, is a Principal Research Fellow at the African Institute for Science Policy 

and Innovation (AISPI), Obafemi Awolowo University, Ile-Ife, Nigeria. He studied chemical engineering, financial 

management, and technology management at OAU, Ile-Ife, earning his PhD in Technology Management. A certified 

Safety Professional and Registered Engineer, his specialization is in Science Policy and Development Planning. 

Engr. Oladimeji Hakeem Bakare is an Associate Lecturer with the African Institute for Science Policy and Innovation 

(AISPI), Obafemi Awolowo University, Ile-Ife, Nigeria, where he is undergoing a PhD in Technology Management. He 

studied chemical engineering and technology management, earning an MSc (Technology Management) from OAU, Ile-

Ife. A Registered Engineer, his research focus is on Science Policy and Energy/Envr Management.  

Babatunde Olaleye Salu, PhD is Assistant Director (Research) at the African Regional Centre for Space Science and 

Technology Education, National Space Research and Development Agency, Nigeria. He studied electronic/electrical 

engr., telecoms engr, and technology management at the Obafemi Awolowo University, Ile-Ife, earning his PhD in 

Technology Management. A Registered Engineer, his specialization is Space Policy/Energy Systems Engr. 

https://nigeriagalleria.com/Nigeria/States_Nigeria/Lagos/History-of-Ikorodu-in-Lagos.html
https://nigeriagalleria.com/Nigeria/States_Nigeria/Lagos/History-of-Ikorodu-in-Lagos.html
https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-synthesis.pdf
https://www.oecd.org/derec/adb/water-urban-infrastructure-services-sector-synthesis.pdf
http://prr.hec.gov.pk/
http://nigeriapropertycentre.com/

