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Abstract 

Street lighting is 

indispensable in any 

country because in 

addition to proper 

night illumination for 

automobile drivers 

and other road users, 

it also beautifies most 

cities at night. Street 

lights have been 

installed in many cities 

across Nigeria. 

However, not all 

installed capacities are 

operative. The earlier 

models were 

connected directly to 

the national grid and 

their failures were 
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Introduction  
Cities contribute very 

substantially to 

national economic 

growth and wealth. 

Recent available data 

on developed nations 

show that cities 

generate more than 

80% of national 

economic output 

while it is about 40% 

for developing 

nations (UN-Habitat, 

2008).  Urban growth 

creates challenges 

such as poverty, 

environmental 

degradation, 

inadequate 

infrastructure and 

finance, insecurity 

and inequality all of 

which impact 

negatively on 

individuals, groups, 

societies and national 

development. These 

challenges could 

hamper social 

welfare, and hinder 

development and in  
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characterized by poor 

maintenance 

schedules. The latest 

models are powered 

using solar PV modules 

and make up majority 

of the non-operative 

street lights in Nigeria 

today. This is solely 

due to the presence of 

impostors in the solar 

industry who do not 

properly install these 

solar street lights or 

install them with bad 

designs. Today, the 

world is looking 

towards renewable 

energy and other 

alternative sources for 

generating cheap 

electric power. 

Electrohydrodynamic 

technology is one of 

the alternative sources 

of generating cheap 

electricity by the use of 

electrohydrodynamic 

generators which 

utilizes two gases 

involving a first 

neutral gas flowing in a 

channel into which is 

injected a second 

supersaturated gas. 

This paper discusses 

the prospects of the 

electrohydrodynamic 

technology for power 

generation for street 

lighting applications in 

Nigeria with a view to 

providing sufficient 

night illumination all 

year round. 

 

ddition, place costs on health and well – being of people (UN-

Habitat, 2008). A street light or street lamp, (also called a 

lamppost) is a raised source of light on the edge of a road or 

walkway, which is turned on or lit at a certain time every night. Major 

advantages of street lighting includes: crime reduction, prevention of 

accidents and increase in safety (Natu & Chavan, 2009). Worldwide, 

lighting accounts for about 10 – 38% of the total energy consumption in 

buildings of major cities (Babatunde, Akinbulire, Oluseyi, & 

Emezirinwunen, 2019). The lighting could either be in residential 

buildings, commercial buildings and industrial buildings or public lighting. 

for instance street lighting. Street lighting is an important part of urban and 

rural infrastructure. Public street lighting has huge economic, social and 

security impacts on people, and is the sole responsibility of municipal 

authorities (Babatunde et al, 2019). 

Generation of electricity in Nigeria dates back to 1896, however, Nigerian 

Electricity Supply Company (NESCO) was established in 1929 to cater for 

electricity generation in the country (Kumar, Singh and Vinay, 2016). The 

myriads of problems facing the Nigerian power sector include inadequate 

sophisticated technology, political support, financial instability and other 

a 

http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Road
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environmental problems. Even after the privatization of energy sector, 

these issues led to the decline in power generation levels resulting in 

frequent power outages (Kumar et al, 2016).  

Nigeria has an installed capacity in excess of 12,000MW, however, the 

operational capacity of all the generating facilities is about 6,000 MW, 

which is not sufficient to cater to the electricity needs of the country and 

often result in irregular outages (Udoakah, Mudaheranwa & Cipcigan, 

2019). An indication to the use of alternative energy is expected to improve 

the power supply and reduce these power outages. To meet the required 

energy demand, Nigeria has to adopt policies to use alternative energies 

such as the renewable energy resources available in the country (Kumar et 

al, 2016). Lighting is a basic end-use of electricity, however the erratic 

power outages in Nigeria has made it difficult for citizen to meet this basic 

need using grid-based electricity, especially at night. Therefore, most 

people rely on standby generating sets for backup power at night while 

some municipal authorities have resorted to the use of standby generators 

for municipal street lighting. The approach aims at providing good 

illumination at night, but, comes at a significant environmental and huge 

financial cost as a result of the use of several stand-alone diesel generators 

which contribute significantly to the environmental pollution and the 

increasing cost of petroleum products (Udoakah et al, 2019). Despite the 

prevalence of the use of generating sets for street lighting in some cities in 

Nigeria, there is need to shift  focus to alternative sources for street lighting 

application at a cost-effective and environmentally-friendly manner. 

Recently, the increasing interest in the application of photovoltaic (PV) 

energy has led to the introduction of a variety of commercial products into 

the market. These applications include: solar lanterns, solar-powered 

traffic lights, solar-powered closed-circuit television (CCTV), solar water 

pumps, solar street lighting systems and mini-grid solar PV project for 

rural electrifications. These products aim at significantly increasing the 

quality of life of people living in the rural and urban areas, by positively 

impacting their social-economy, education, and health life to an 

appreciable level (Fashina et al. 2017). A PV module/system failure can be 

understood as an effect that destroys the solar PV module power or an 

effect that creates safety issues. Generally, failures of PV products are 
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usually infant-failures, midlife-failures, and wear-outfailures (Fashina et al, 

2017). The complete street lighting system can run on a highly efficient PV 

system to reduce power consumption. As a result, PV lighting systems for 

cities and towns now represents one of the largest cost effective markets 

for PV modules. However, a general observation from previous reports has 

shown that many PV streets lighting systems have experienced a number 

of component failures, including premature charge controller, battery, and 

ballast illumination failures (Fashina et al, 2017).  This study focuses on 

the electrohydrodynamic technology as an energy alternative for street 

lighting in Nigeria to improve energy efficiency and reduce the carbon 

footprints. 

 

Advantages of Street lighting 

Street lighting designs are usually simple if the pavement is a single dual 

carriageway only a few meters long. However, illumination becomes more 

complex to manage with increase in the size. Rural to urban transfornation 

has resulted to the increase in the number of streets constructed, and this 

has led to an increase in the number of street lights, energy consumption, 

CO2 released, and costs associated with them. This is worsened by the use 

of an inefficient lighting system with a conventional power source. 

Inefficient lighting is a major cause of greenhouse gas emissions in many 

cities worldwide (Babatunde et al, 2019). The causes of road accidents in 

Nigeria include vehicle operators or driver factors, vehicle factors, road 

pavement condition factors and environmental factors (Agbonkhese et al. 

2013). Night driving is also reported to account for at least 40% of fatal 

accidents and serious injuries in other parts of the world (Babatunde et al, 

2019). In the case of Nigeria, there is still a lack of reliable data and 

information concerning night driving related traffic accident. However, it 

is believed that most night driving related traffic accidents occur because 

drivers and pedestrians suffer from reduced visibility caused by inefficient 

lighting (Babatunde et al, 2019).   

A survey conducted in 2003 in the UK revealed that road safety is the major 

advantage of street lighting improvement (Willis, Powe, and Garrod 2003). 

In the survey, 73% of respondents agreed that ‘improved street lighting 

systems would improve the safety of children’, while 63.8% agreed that 
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‘efficient street lightings would reduce road accidents’. In Nigeria, many 

street lighting projects are poorly designed and inadequately maintained, 

as could be observed from the large numbers of burned-out lamps as well 

as inefficient lamps, consequently, road accidents at night due to poor 

street lighting have been recorded in some part of the country (Premium 

Times 2016). Street lighting systems in Nigeria are mostly inefficient and 

usually powered by either the utility grid or backup diesel generators. 

These systems of powering the generator are usually unreliable due to the 

epileptic nature of the utility supply, fluctuations in the pump price of 

diesel, occasional scarcities of diesel fuel, and the emission of green house 

gases (GHGs). This frequently leads to poorly lit streets and blackouts 

(Babatunde et al, 2019).  

  

Renewable Energies Used for Street Lights 

Among the renewable energy sources, hydropower, wind, geothermal, 

solar, biomass, biogas, and others, wind energy and solar energy seem to 

find a place in street light applications in the current global trend.  

Currently, wind energy is mainly used to generate electricity. A typical 

wind machine consists of blades, generator, cable, and a simple computer 

system. The blades catch the wind and spin, the generator converts 

mechanical energy into electricity, the cable carries electricity to 

transmission line while the computer system controls the direction of the 

blades. The blades are connected to a drive shaft that turns an electric 

generator to produce electricity (Awogbemi and Komolafe, 2011). In 

developed countries wind turbines are now widely used for street lighting 

applications, sometimes in conjunction with solar PV modules. 

Solar energy has been utilized in Nigeria in various forms: namely, solar PV 
for rural electrification, solar cooker, solar crop dryer, solar manure dryer, 
solar water pump, solar water heaters, solar chick brooders etc. 
(Awogbemi and Komolafe, 2011).  The fact that the PV system is technically 
and economically feasible, it is often suggested for use in street lighting and 
water pumping for most rural communities in Nigeria (Kumar et al, 2016).  
Modern street lamps may have light-sensitive photocells to turn them on 
at dusk and off at dawn, or activate automatically in dark weather. In older 
street lighting this function would have been performed with the aid of a 
solar dial. It is not uncommon for street lights to be on posts which have 

http://en.wikipedia.org/wiki/Photocell
http://en.wikipedia.org/wiki/Dusk
http://en.wikipedia.org/wiki/Dawn
http://en.wikipedia.org/wiki/Weather
http://en.wikipedia.org/wiki/Solar_dial
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wires strung between them, such as on telephone poles or utility poles 
(Awogbemi and Komolafe, 2011). 
 
Challenges Mitigating the Effective Use of Solar Street Lights.  
Globally, solar energy is indorsed as a sustainable energy supply 
technology because of its renewable nature and the ability of solar energy 
conversion systems to provide greenhouse gas-free electricity during their 
lifetime since they reduce the global emissions of greenhouse gases into 
the atmosphere. In spite of the abundant solar energy available, especially 
in sunny regions, the current use of this energy resource represents less 
than 1% of the total electricity need of any country (Ogedengbe & 
Adamolekun, 2017). In Nigeria, however, Solar electricity had been used 
for power supply to remote villages and locations not connected to the 
national grid, telecom stations, rural water supplies, traffic lighting and 
lighting of road signs and street lights (Ogedengbe & Adamolekun, 2017). 
It may also be used to generate power for feeding into the national grid. 
Even though the deployment of photovoltaic systems has been increasing 
steadily since few years back, solar technologies still suffer from some 
drawbacks that make them poorly competitive on an energy market 
dominated by fossil fuels. From a scientific and technical viewpoint, the 
two major drawbacks in comparison with fossil fuel are low conversion 
effeiciencies and high production cost (Ogedengbe & Adamolekun, 2017). 
Solar street lights have been installed in many cities in Nigeria. This source 
of street lighting have been patronized by the Federal, States and Local 
Governments even at very high project cost amounting to several millions 
of naira. However, most of these street lights after installation operate for 
a few months or for a few weeks and become non-functional. In the authors 
view various factors have been observed to be responsible for the non-
functionality of these solar street lights shortly after installation. They 
include: 

a. Poor design considerations, 
b.  Bad installation procedures, 
c.  Use of sub-standard solar products, 
d. Untrained personnel in the industry,   
e. |Poor maintenance Schedules 
f. Lack of proper monitoring from regulatory or professional bodies. 

The cost of installation of solar street lights in Nigeria is relatively high, 
therefore it is disheartening to witness their failures after installation. 
Figure 1 shows a non-functional street light installed on campus of Federal 

http://en.wikipedia.org/wiki/Telephone_pole
http://en.wikipedia.org/wiki/Utility_pole
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Polytechnic Kaura Namoda. The non-functionality of the street light was as 
a result of sub-standard battery.  

Fig. 1: A non-functional street light in Federal Poly 
K/Namoda Campus 
Source: Researcher’s Field Survey, 2020  
 
Figure 2 shows a non-functional streetlight installed 
along the street of Kaura Namoda town with its failure 
attributed to bad installation as the street light was 
installed under a tree. 
 
Fig. 2: A non-functional Street light along the streets of 
kaura Namoda town. Source: Researcher’s field survey, 
2020 
 
Figure 3 and 4 shows functional street lights installed 

on the campus of federal polytechnic Kaura Namoda and the street of 
Kaura Namoda town respectively. 
 

       
 

 

  

  

 

Fig. 3: A functional street 

light in Federal Poly 

K/Namoda Campus 

Source: Researcher’s Field 

Survey, 2020  

 

Fig. 4: A functional street light 

along the street of Kaura 

Namoda Town 

Source: Researcher’s Field 

Survey, 2020  
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The Electrohydrodynamic Generator alternative 

The Electrohydrodynamic (EHD) generator is an energy alternative that is 

nascent and current research is being undertaken in this area. This 

technology provides an alternative over the solar power. The 

Electrohydrodynamics (EHD) phenomena refers to the study of fluid fow 

interacting with electric fields. Historically the studies of EHD have been to 

study two phase flows in the presence of electric field. 

Electrohydrodynamics (EHD) encompasses electrokinetics which are 

processes in which the fuid fow affects and is affected by the presence of 

electric fields (Bandopadhyay & Ghosh, 2018).  The phenomena involves 

electric field driven air flow accelerated by charged particles to transfer 

their momentum to the surrounding neutral particles. A widely-used 

configuration for generating air flow utilizes ionization by gas discharge, 

where strong electric field capable of ionization is generated nearby a 

suitable electrode. The ions accelerate in the electric field and collide with 

neutral air molecules, resulting in momentum transfer represented by 

volumetric EHD force, which gives rise to bulk air movement commonly 

called ion wind. The ion wind has been used in various airflow control 

applications, cooling application, propulsion technology, micro-pump 

design, precipitation filtering, and electronic devices (Dau et al, 2018). 

In 1980, Gawain et al presented an invention of a multi stage EHD 

generator with parallel outputs to produce a usable output current. A 

single injector injects particles or droplets into a fluid flow which traverses 

a plurality of EHD generator stages in series. At each generator 

stage there is a means for charging the particles and a means for 

neutralizing the particles. The outputs between the charging and 

neutralizing means are connected in parallel to provide a substantial 

electrical power output. Therefore, it is an object of the present invention 

to 

provide a multistage EHD generator to obtain a significant electrical power 

output. Figure 5 shows the illustration of the invented EHD by Gawain & 

Biblarz. Typical voltage and current levels for the multistage EHD 

generator are 50 KV and 1 ma per stage, or 100 ma for 100 stages. Thus, a 

power level of 5 Kw is feasible from systems which operate not too much 

above ambient pressure (Gawain & Biblarz, 1982). 
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Fig. 5: Schematic 

View of the 

Invented Multistage 

EHD Generator 

(Gawain & Biblarz, 

1982) 

 

 

 

 

 

 

The Electrohydrodynamic wind power is a new way of using wind power, 

and is a great prospects for electricity energy market in the future, because 

the power generation process is almost not affected by the size and wind 

speed of power generation equipments. But there has no related literatures 

about the function of the wind in electrohydrodynamic wind power 

generation. The basic principle underlying this technology is that an 

electricfluid is forced by wind force and the electric force in the electric 

field, while these two forces are in the opposite directions, so wind force 

can overcome electric field force to convert wind energy into electricity. 

Figure 6 shows the schematic diagram of the electrohydrodynamic wind 

power generation system (Shufen & Xinming, 2014). 

 

Fig 6: Schematic diagram of 

electrohydrodynamic wind power 

generation  system 

Note: 1-emitter; 2-collector; 3-negatively 

charged particles. Source: (Shufen & 

Xinming, 2014) 

 

 

 



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

142 

Benefits of Electrohydrodynamic Generators 

The following advantages of an electrohydrodynamic generator makes it a 

promising energy alternative to power street lights: 

1. It is capable of producing either a direct current or an alternating 

current output.  

2. It produces alternating current at a much higher efficiency than the 

other conventional generators. 

3. It is characterized by simplicity of construction, low cost and ease of 

operation and use. (Gawain & Biblarz, 1982). 

 

Demerits of an Electrohydrodynamic Generators 

There are several major disadvantages with the electrohydrodynamic 

generator which are currently being addressed in recent researches which 

include: 

1. They are highly inefficient in that only a small amount of the kinetic 

energy of the neutral gas is transferred to the kinetic energy of the 

charged particles.  

2.  The collector must be placed in the gas flow and, under high velocity 

gas conditions which provides considerable turbulence and friction 

loss to the generator.  

3. A high voltage direct current output is generated which is unusable. 

This output must be converted to alternating or pulsed current and 

reduced to a usable voltage by an external conversion system. (Gawain 

& Biblarz, 1982). 

 

Conclusion 

Current researches are focused on adapting the electrohydrodynamic 

generators as alternative energy source. The simplicity of this generator 

and the high efficiency makes it an alternative generator over the fossil fuel 

dependent generators. The short comings of the solar street lights can be 

complemented with the electrohydrodynamic generators which is capable 

of generating 1 to 5 kV potential difference across the load. 

 

Recommendations 

This paper proposes the following recommendations: 
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1. Government should formulate policies to promote researches in 

alternative energy sources especially the electrohydrodynamic 

generators through the ministry of Science and Technology and 

other related research institutes to develop viable products for sale 

in the country. 

2.  Government should reduce import duties on energy products to 

encourage diversification into other alternative energy sources 

pending the period of her self-reliance.  

3. Street lights in Nigeria can be installed using the 

electrohydrodynamic generators or the existing solar street light 

infrastructures in the country should be complemented with the 

electrohydrodynamic generator. 
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