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Abstract  Two areas within the nation (Nigeria) were chosen for the energy optimization of their Datacenters. The 
evaluations of combinations of different specific energy options were used to determine the least-cost energy pathway for the 
optimization of each Datacenter’s power. The optimization approach conducted was a sequential search for a possible option 
and combinations of grid supply, diesel generator, wind turbine and solar photovoltaic cell power generation. The results 
show that, grid is the best choice economically, because it attracts the least cost but the problem is that, the grid is not reliable 
and not efficient within the nation. From an environmental perspective there were significant benefits in using Hybrid So-
lar-Grid power. It was observed that the diesel generator is out of place looking at the huge amount involved. From the results, 
Datacenter could save (9,731kg; 8,536kg) of CO2 emissions annually in Abuja (FCT) and Nkanu-West (Enugu State), re-
spectively by removing backup Diesel Generators and by using Solar-Grid as a power source . 
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1. Introduction 
A datacenter contains primarily electronic equipment used 

for data processing (servers, switches, routers, data storage 
devices and related equipment used to operate the digital 
economy, data storage (storage equipment), and communi-
cations (network equipment)[1]. Collectively, this equip-
ment processes, stores, and transmits digital information 
which is known as “information technology” (IT) equipment. 
Data centers also specialized power conversion and backup 
equipment (as to maintain reliable, high-quality power) as 
well as environmental control equipment which (maintain 
the proper temperature and humidity for the IT equipment). 
Datacenters are found in nearly every sector of the economy: 
financial services, media, high-tech, universities, govern-
ment institutions, and many others use and operate data-
centers to aid business processes, information management, 
and communications functions[2]. 

Datacenters house the computers, servers and within the 
datacenter are racks of electronic equipment wired together 
and connected to fibre-optic cable networks. For the opera-
tion of these equipments, the centers require electric power. 
Obtaining reliable and cost effective power solutions for the 
operation and expansion of Datacenters to the rural and  
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remote areas presents challenging problems in developing 
economy like ours. It is either that the grids are not available 
or their extensions can be extremely costly in remote areas. 
However, reliable and economical power is prerequisite for 
such centres to be installed. It should be noted that the 
growing cost of sustenance is also a challenge to cope with, 
as over seventy percent (70%) of running cost is expended on 
power alone[3]. From the aforementioned, it can be seen that 
energy is a prerequisite in running the centres and therefore 
key to the success of the service. 

Nigeria is characterized by severe energy deficit. Elec-
tricity in Nigeria, both in urban and rural areas is epileptic[4]. 
Lack of power infrastructure (no or unreliable power sup-
plies) in urban and rural areas has created a challenge on the 
running of datacenters.  

The nation’s electricity grid, where it exists, is always the 
energy solution of choice for powering datacenters. Energy 
supplies to power Datacenters are erratic and have become a 
major hurdle to the expanding of this sector. Thus most of the 
installed Datacenters in the country are being powered by 
grid and backup by generators, using prohibitively costly 
diesel fuel. 

Unfortunately, the grid is not always reliable and as a re-
sult of these drawbacks diesel generators are readily used as 
power backup or as the primary source of power. In the 
datacenters this always escalates the energy expenditure in a 
number of ways and also affects the environment negatively. 

Sustainable alternative to power Datacenters is to use re-
newable energy sources. Renewable energy sources have 
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shown that the development of renewable energy source as 
an excellent potential and a form of contribution to conven-
tional power generation systems[4]. In order to meet sus-
tained load demands of Datacenters during varying natural 
conditions, different energy sources and converters need to 
be integrated with each other for extended usage of alterna-
tive energy for remote location, which is one of the most 
alternative solutions of renewable energy sources for Data-
center[27]. There is great promise for alternative renewable 
energy for the datacenters in Nigeria, if the operators of the 
datacenters will explore and exploit these available re-
sources. 

1.1. Datacenter Equipment / Energy Requirement 

Datacenter rooms are filled with rows of IT equipment 
racks that contain servers, storage devices, and network 
equipment. Datacenters include power delivery systems that 
provide backup power, regulate voltage, and make necessary 
alternating current/direct current (AC/DC) conversions as 
shown in figure 1. Data centers use significant amount of 
energy to supply three key components: IT equipment, 
cooling, and power delivery[2]. Figure 1 shows the block 
diagram of a typical datacenter. 

 
Figure 1.  Typical Electrical Components in a Datacenter Source: derived 
from[7],[6] 

These include equipment that performs primary IT func-
tions as well as equipment that ensures continuous operation.  

Datacenter load profile depends on multiple parameters 
which may include HP DL 380, G6 Servers, CPU Servers, 
Monitors, Cisco Routers, Cisco Switches, PABX, Vsat 
Modem, etc. It is important to have an accurate power profile 
in order to dimension correctly the alternative energy com-
ponents for the system. In identifying the energy consump-
tion at Datacenters and assessing the impact of various op-

erational strategies, we used a typical Datacenter model as 
presented in figure 1 and tabulated in table 1. 

Before reaching the IT equipment rack, electricity is first 
supplied to an uninterruptible power supply (UPS) unit. The 
UPS acts as a battery backup to prevent the IT equipment 
from experiencing power disruptions, which could cause 
serious business disruption or data loss. In the UPS the 
electricity is converted from AC to DC to charge the batteries. 
Power from the batteries is then reconverted from DC to AC 
before leaving the UPS. Power leaving the UPS enters a 
power distribution unit (PDU), which sends power directly 
to the IT equipment in the racks. Electricity consumed in this 
power delivery chain accounts for a substantial portion of 
overall building load.  

Electricity entering servers is converted from AC to 
low-voltage DC power in the server power supply unit (PSU). 
The low-voltage DC power is used by the server’s internal 
components, such as the central processing unit (CPU), 
memory, disk drives, chipset, and fans. The DC voltage 
serving the CPU is adjusted by load specific voltage regu-
lators (VRs) before reaching the CPU. Electricity is also 
routed to storage devices and network equipment, which 
facilitate the storage and transmission of data.  

The continuous operation of IT equipment and power de-
livery systems generates a significant amount of heat that 
must be removed from the data center for the equipment to 
operate properly. Cooling in datacenters is often provided by 
computer room air conditioning (CRAC) units. 

These energy needs can be calculated by examining the 
electric power needed for typical datacenter equipment in 
and the energy required to remove heat from the datacenter. 

Table 1.  Datacenter Power Requirement 

S/N 
Datacenter 
Equipment 
Description 

Rated 
Power 
Watt 

QTY 

Net 
Power 

in 
Watt/Hr 

1. 
HP DL 
380, G6 
Servers 

1000 2 2000 

2. CPU Serv-
ers 240 6 1440 

3. Monitors 240 6 1440 

4. Cisco 
Routers 50 1 50 

5. Cisco 
Switches 50 1 50 

6. PABX 240 1 240 

7. Vsat Mo-
dem 50 1 50 

8. Lighting 13 16 208 
 TOTAL   5478 

1.2. Climate Equipment 

Datacenters use a lot of cooling capacity be-
cause all the electricity used to power the electronic and 
other equipment is converted to heat and need to be re-
moved[8]. The datacenter air conditioners run all year, day 
and night. The air conditioning systems are typically 
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air-cooled, distributed throughout the datacenter to ventilate 
and cool the servers and other equipment. The cooling ca-
pacity of an air-conditioning unit is the ability to remove heat 
from a room and is usually measured in Watt. The higher the 
Wattage rating, the more heat will be removed [9].  

1.3. Calculating the Size of Air Conditioner Btu Capacity 
for Datacenters 

The cooling architecture is designed to address heat gen-
eration from the servers and other heat equipment. 

List of air-conditioner converted Wattage rating: 
2,637 Watts 
3,516 Watts 
4,375 Watts 
5,274 Watts 
6,153 Watts 
7,032 Watts 
And so on… (Btu Definition & Calculate Btu). 
From table 1. Ideal power rating on datacenter equipment 

load requirement is 5,478W/h. 
Consumption for 24hrs=5,478x24  

=131,472W/d 
Cooling requirement for the datacenter equipment as 

shown in table 1. is 5,478W/h 
Cooling requirement for 24hrs=5,478x24 

=131,472W/d 
From the list of air-conditioner BTU rating stated above, 

we choose 3,567 Watts 
The air conditioning system size required to serve these 

purpose is calculated as 
131,492

3,516
∗ 

1
24

= 1.5 

Unit air conditioner required. 

1.4. Energy Required To Remove Heat From The Data-
center. 

Cooling takes bulk of the energy generated. The air con-
dition required for the project is DC 12. 

The consumption of DC 12 in Wattage= 3,576W/h 
Consumption for 24hrs in Wattage=3,516x24 

=84,384W/d 
The electric power needed for the datacenter equipment in 

and the energy required to remove heat from the datacenter 
are stated below.  

Datacenter Equipment power requirement =5 ,478W/h 
Climate Equipment power requirement = 3,516W/h 
Therefore, the Total power requirement for Datacenter = 

8.994W/h (to be modeled) 
Total power consumption for 24hrs=8,994x24 

= 215,856W/d 
= 216kW/d 

1.5. Energy Optimization  

Energy Optimization is a major issue in today’s Data 
communication provisioning. Energy Optimization at 
Datacenters can be describe as the alternative options of 

power that are readily available to produce the optimum or 
desired result while minimizing the over dependence on 
generators and grid at the Datacenter. It is the provision of 
data communication services using a Datacenter energy 
solution which, against other solutions, allows the least fi-
nancial expenditure on energy and has the least impact on 
man and his environment.  

Energy Optimization models are employed as a support-
ing tool to develop energy strategies, outlining the likely 
future structure of the system under particular conditions and, 
thus, providing insights into the technological paths, struc-
tural evolution and policies that should be followed[10]. 

Generally the main objectives of the optimization design 
are power reliability and cost. The goal of energy optimiza-
tion is choosing the right energy solution for a Datacenter. In 
order to keep as low as possible both the expenditure on 
energy and the effect of energy generation on the environ-
ment renewable energy solutions such as solar energy, wind 
energy, Pico hydro energy, fuel cells, and bio diesel are 
being researched and developed around the globe. All the 
factors being proposed for evaluating the suitability of en-
ergy solution for any Datacenter and location is presented 
here as model in the figure below. 

 
Figure 2.  Model for Choosing Power Solution for Datacenter[11] 

1.6. Renewable Energy Sources 
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One reason for the popularity of solar energy is the per-
ception that it is free. Perhaps a better choice of words would 
be to say that it is unmetered and renewable. The develop-
ment of high efficiency and affordable solar power has pro-
gressed to the point that domestic solutions are feasible in 
areas of high sunlight. New solar cell technologies are 
moving the price point steadily down at a time when fossil 
fuels are increasing in cost. There are, as with any energy 
source, costs involved in the equipment (Photovoltaic) used 
to collect the energy.  

The amount of solar energy available varies according to 
the time of day, the time of the year, the whims of the 
weather and the region of the country. Solar power is a sys-
tem that makes use of the sun energy to generate electric 
power for home and industrial (Datacenters) use. Solar 
power favors no single region and is a clean source of energy, 
and we are convinced that solar power would soon become a 
vital worldwide source of energy. Solar energy is not only 
pollution free it is of viable economic importance, has a long 
life span and low or no maintenance cost. The solar cell 
(solar energy converter) needs energy from the sun to func-
tion and the lowest temperature is not 0℃ but -273.16℃ 
hence all higher temperatures can be traced to solar en-
ergy[11].  

1.7. Wind Power 

Wind is a natural phenomenon that is related to the 
movement of air masses caused primarily by the differential 
solar heating of the earth's surface. Seasonal and locational 
variations in the energy received from the sun affect the 
strength and direction of the wind. Power from the wind 
depends upon the swept area of the turbine blades and the 
cube of the wind speed. Wind energy has been considered as 
promising toward meeting the continually increasing de-
mand for energy. The wind sources of energy are inex-
haustible, the conversion processes are pollution-free, and it 
is freely available. 

For isolated systems such as Datacenters in remote areas, 
the wind energy has been considered as attractive and pre-
ferred alternative sources. Wind and solar power are inex-
tricably linked, as somewhere between 1 and 3 percent of the 
sun’s energy striking the Earth is converted to wind through 
a global convection system.  

The wind turbine and its conversion equipment are a 
complex product but are adaptable to mass production, 
leading to improvements in quality, reliability and 
cost-effectiveness. Wind power is known as ‘Green Power’, 
because of its technical and commercial viability and its 
environment-friendly nature. The special features of wind 
energy that makes it attractive are zero cost fuels, low ges-
tation period, quicker benefits and usefulness for sustainable 
economic development[12]. Wind has strong potential as a 
fuel-free renewable source of energy, which can contribute 
to the deployment of off shore datacenters power needs. 

1.8. Environmental Benefits 

Environmental pollution and the emission of CO2 (carbon 
dioxide) from the use of fossil fuels constitute a threat to 
health, the environment and sustainable economic growth. 
Other major pollutants from conventional electricity, which 
are avoided through wind power may include SOx, NOx and 
PM10. Wind turbines cause virtually no emissions during 
their operation and very little during their manufacture, in-
stallation, maintenance and removal. Because the fuel is free, 
wind generated kilowatts should be used as often as possible 
in the electricity system to replace intermediate power loads, 
from coal and gas. 

1.9. Hybridization and Energy Source 

Stand-alone hybrid power system is used primarily in 
remote areas where utility lines are uneconomical to install 
due to the terrains right-of-way difficulties, or environmental 
concerns. Building new transmission lines is expensive even 
without these constraints. A 230-kV line costs more than $1 
million per mile[13]. A stand-alone system would be more 
economical for remote villages that are farther than a couple 
of miles from the nearest transmission line. The use of the 
stand-alone solar-wind with diesel backup system for the 
power supply of remote areas may give an economically 
attractive alternative[14] for Datacenter over the use of 
conventional diesel generators in near future.  

Solar and wind power outputs can fluctuate on an hourly 
or daily basis. The standalone system, therefore, must have 
some means of storing excess energy on a sunny day or a 
windy day for use on a rainy day or without wind. Alterna-
tively, wind turbines and PV modules can be used in a hybrid 
configuration with a fuel cell in urban and remote areas.  

1.9.1. Hybrid Energy System 

Naturally it is hard to design an energy system where wind 
power is the only energy source, primarily because of the 
fluctuations of the wind speed and the fluctuations of the 
solar radiation. A single source renewable usually tends to 
bring the problem of “intermittence”. A combination of one 
or more renewable energy resource such as solar, wind, 
hydropower and biomass with other technologies such as 
batteries and generator (defined as hybrid renewable) is a 
better option[15]. Hybrid system can complement each other 
and component. Therefore a combination of wind and solar 
energy will serve as the source of electric energy for pow-
ering Datacenters. This will improve the load factors and 
help to reduce maintenance and replacement costs as each 
renewables will complement each other[16],[13]. 

A hybrid system has the advantage of balance and stability. 
A balanced system provides stable outputs from sources such 
as these and minimises the dependence of the output upon 
seasonal changes; furthermore, it optimises utilisation of the 
different renewable sources of energy available. 

1.10. Cost Reduction 

Despite advances by hybrid power systems in improving 
reliability and reducing the overall size of the power system, 
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initial costs remain relatively high. It heaves the potential 
user to reduce demand as much as possible to keep costs 
down. Advances in energy efficiency permits users to meet 
their energy needs from smaller, less expensive power sys-
tems than once was possible. The development of compact 
fluorescent lights and energy efficient appliances now makes 
this possible with little sacrifice in lifestyle[17]. 

[18] were of the view that the combination of wind and PV 
power generation and an energy storage system may be an 
interesting solution for the more rural and remote applica-
tions – particularly those where an electrical supply is not 
available or practical. 

Based on the energy consumption of Datacenter and the 
availability of renewable energy sources, we decided to 
implement and optimize an innovative Hybrid Energy Sys-
tem combining wind turbine-generator, solar photo-voltaic 
panels, battery storage, advance power electronic equipment 
and existing grid with diesel generators as backup. 

1.11. Economic and Environmental Cost Model 

As datacenter operators look forward to a cost effective 
and environmental friendly way of running the centre the 
application of renewable energy systems in Datacenters has 
become an important alternative. However, the evaluation of 
the correct type of renewable energy system needs to be done 
so that the system can be optimized. Studies have been car-
ried out to demonstrate the ability of some configurations of 
renewable energy systems to maximize performance while 
minimizing costs. The optimization of energy systems in the 
context of minimizing excess energy and cost of energy has 
been addressed by[19]. Also[23],[22] used the annualized 
cost of a component to derive the calculation of the total Net 
Present Cost (NPC) of energy systems.[21],[14] used the 
Hybrid Optimization Model for Electric Renewables 
(HOMER) software[23] to find optimum sizing and mini-
mizing cost for hybrid power system with specific load de-
mand in stand-alone applications.[4] developed a reliable 
system operation model based on Hybrid Optimization 
Model for Electric Renewable (HOMER) to find an optimal 
hybrid system among different renewable energy combina-
tions while minimizing the total life cycle cost. 

According to[22], the annualized total cost of a compo-
nent is calculated thus: 
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Where: 
,acap cC = Annualized capital cost of a component 
,arep cC = Annualized replacement cost of a component 

,aop cC = Annualized operating cost of a component 
From equation (1), we derived the Economic and Envi-
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Where: 
,acap gridC = Annualized Capital Cost of Grid Power 

,aop gridC = Annualized Operating Cost of Grid Power 

emissionsC = Cost of Emissions 

,acap wC = Annualized Capital Cost of Wind Power 

,arep wC = Annualized Replacement Cost of Wind Power 

,aop wC = Annualized Operating Cost of Wind Power 

,acap sC = Annualized Capital Cost of Solar Power 

,arep sC = Annualized Replacement Cost of Solar Power 

,aop sC = Annualized Operating Cost of Solar Power 

,acap gC = Annualized Capital Cost of Diesel Generator 

,arep gC = Annualized Replacement Cost of Diesel Genera-
tor 

,aop gC = Annualized Operating Cost of Diesel Generator 

,af gC = Annualized Fuel Cost for Diesel Generator 

,acap bC = Annualized Capital Cost of Batteries Power 

,arep bC = Annualized Replacement Cost of Batteries Power 

,aop bC = Annualized Operating Cost of Batteries Power 
The output of the above derived mathematical models is 

the optimal configuration of a hybrid energy system that 
takes into account technical and economic performance of 
supply options (rated power characteristics for solar Photo-
voltaic (PV), power curve characteristics for wind turbine 
(WT), fuel consumption characteristics for diesel generators 
(DG), and minimum and maximum state of charge (SOC) of 
a battery bank, the 20-year life cycle cost (LCC) of equip-
ment, locally available energy resources (hourly solar inso-
lation data (W/m2), hourly wind speed (m/s), as well as cost 
of fossil fuels), demand characteristics (can be given either 
for each day, from Monday to Sunday, or for weekdays and 
weekends), environmental costs, and system reliability. 

1.12. Research Area Climate 

The climatic condition in a given geographical region has 
a major role to play in the type of renewable energy to be 
deployed at that location. Although Nigeria lies wholly 
within the tropical zone, there are wide climatic variations in 
different areas of the country.  

The seasonal pattern of climatic conditions over Nigeria 
gives rise to four seasons in the south and two in the north. 
This is the result of annual total rainfall occurrence and 
distribution, which is more predominant in the south than in 
the north. The mean annual rainfall along the coast in the 
south- east is 4000mm while it is only 500mm in the north- 
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east. 
Nigeria’s climate varies by region; from arid in the north, 

to tropical in the centre and equatorial in the south. The 
climate is largely controlled by prevailing winds and near-
ness to the Atlantic Ocean. The two dominant air masses are 
the dry wind from the Sahara and the wet wind from the 
Atlantic Ocean. 

1.12.1. Southern Nigeria: The four observed seasons are: 

● The Long Rainy Season: This starts in March and lasts 
to the end of July, with a peak period in June over most parts 
of southern Nigeria. It is a period of thick clouds and is ex-
cessively wet particularly in the Niger Delta and the coastal 
lowlands. It is marked by humidity with values hardly below 
85 per cent in most parts of the forested south. 

● The Short Dry Season: This is experienced in August for 
3-4 weeks. However, the real dry period known as the 
"August break" is generally observed in the last two weeks of 
August in most parts of southern “Nigeria". 

● The Short Rainy Season: This brief wet period follows 
the "August break" from early September to mid-October, 
with a peak period at the end of September. The rains are not 
usually as heavy as those in the long rainy season, although 
the spatial coverage over southern Nigeria is similar. The 
two periods of rainfall intensity give the double maxima 
phenomenon of the rainy season characteristic of southern 
Nigeria. The short dry season in August between these two 
rainy periods allows for harvesting and planting of 
fast-growing varieties of grains, such as maize. 

● The Long Dry Season: This period starts from late Oc-
tober and lasts to early March with peak dry conditions be-
tween early December and late February. The period wit-
nesses the prevailing influences of the dry and dusty 
north-east winds, as well as the 'harmattan' conditions. 
Vegetation growth is generally hampered, grasses dry and 
leaves fall from deciduous trees due to reduced moisture. 

1.12.2. Northern Nigeria 

The climatic conditions in the northern part of Nigeria 
exhibit only two different seasons, namely, a short wet sea-
son and a prolonged dry season. Temperatures during the day 
remain constantly high while humidity is relatively low 
throughout the year, with little or no cloud cover. There are, 
however, wide diurnal ranges in temperature (between nights 
and days) particularly in the very hot months. The mean 
monthly temperatures during the day exceed 36℃ while the 
mean monthly temperatures at night fall, at most times, to 
below 22℃. 

1.13. The Long Dry Season 

This period extends from October to mid-May. With the 
Inter-Tropical Convergence Zone (ITCZ) in the Southern 
Hemisphere, the north-east winds and their associated east-
erlies over the Sahara prevail over the country, bringing dry 
conditions. The harmattan period during December- January 
is more intense and longer in the north than in the south. This 

is the period of little or no cloud cover, resulting in wide 
diurnal ranges of temperature. 

1.14. The Wet Season 

The wet season covers a relatively short period, from June 
to September. Both the number of rain days and total annual 
rainfall decrease progressively from the south to the north. 
The rains are generally convectional, heavy and short in 
duration, often characterized by frequent storms. This results 
in flash floods and in some places also in sheet or gully 
erosion. 

The few high plateaus of Jos and Biu, and the Adamawa 
highlands, experience climatic conditions which are mark-
edly different from the generalised dry and wet period in 
northern Nigeria. Temperatures are 5 - 10℃ lower due to 
high altitude than in the surrounding areas. Similarly, the 
annual rainfall figures are higher than in areas around them, 
particularly on the windward side. 

1.14.1. Temperature 

Nigeria’s climate is characterized by relatively high tem-
peratures throughout the year. The average annual maximum 
varies from 35℃ in the north to 31℃ in the south; the av-
erage annual minimum from 23℃ in the south to 18℃ in 
the north. On the Jos plateau and the eastern highlands alti-
tude makes for relatively lower temperatures, with the 
maximum temperature of not more than 28℃  and the 
minimum sometimes as low as 4℃. 

1.14.2. Rainfall 

The country experiences consistently high temperatures 
all year round. Since temperature varies only slightly, rain-
fall distribution, over space and time, becomes the single 
most important factor in differentiating the seasons and 
climatic regions. Rainfall occurrence and distribution are 
however dependent on the two air masses that prevail over 
the country. There is a prolonged rainy season in the far 
south, while the far north undergoes long dry periods annu-
ally. Nigeria, therefore, has two major seasons, the dry sea-
son and the wet season, the lengths of which vary from north 
to south.  

1.14.3. Wind 

Two principal wind currents affect Nigeria. The 
south-western winds dominate the rainy season of the year 
while north-eastern winds dominate the dry season. De-
pending on the shifts in the pressure belts in the Gulf of 
Guinea, these winds are interspersed respectively by the 
south-eastern and north-western winds in different parts of 
the year. The wetter winds prevail for more than 70% due to 
the strong influence of the breeze from the Atlantic Ocean 
Mean annual wind speed varies between 2 to 6 m/s. Speeds 
in dry season (November - March) are lower. In the wet 
season (April–October), daily average speed could rise to 15 
m/s. Values of up to 25 m/s are sometimes experienced due 
to inducement by convective rainfall activities and relative 
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diffusion. 

1.15. Background of the Study 

This study major goal is to explore the best alternative 
renewable energy solutions to progressively increase the 
generation of renewable and clean energy so as to migrate 
datacenters away from a dependence on fossil fuel energy. 

2. Methodology 
This research is focus on Abuja (FCT – covering the 

northern part of the nation) and Nkanu-West (Enugu State – 
which covers the southern part of the nation). This may also 
be applied to other regions country. Four (4) technologies 
were considered for this study and these are Grid Power, 
Solar PV, Wind turbine, and Diesel Generator. Datacenters 
at locations in the following geographical areas in Nigeria 
were studied: Abuja (FCT) and Nkanu-West (Enugu State). 
Since weather data are important factor for pre- feasibility 
study[25] of renewable hybrid energy system for any par-
ticular site, the data for solar and wind resources were ob-
tained from the NASA Surface Meteorology and Solar En-
ergy web site[24]. The specific geographical locations based 
on solar and wind resources are as follows: 

2.1. Abuja Location 

Abuja (FCT) being at a location of 9° 00' N latitude and 7° 
00' E longitude has annual average solar (clearness index and 
daily radiation) of 5.45 kWh/m²/d and its annual average 
wind is 2.4m/s. Figures 3a and 3b show the solar and wind 
resource profile of Abuja (FCT) location tabulated in Table 
3.  

 
Figure 3.  HOMER output graphic for Solar (Clearness Index and Daily 
Radiation) Profile for Abuja 

2.2. Nkanu West Location 

Nkanu-West (Enugu State) at a location of 6° 00' N lati-
tude and 7° 00' E longitude with annual average solar 
(clearness index and daily radiation) of 4.92kWh/m²/d and 
its annual average wind is 2.1m/s. See figure 4a and 4b for 

the solar resource profile; and wind the resource profile in 
Nkanu-West as tabulated in Table 4.  

 
Figure 4.  HOMER Output Graphic for Wind Speed Profile for Abuja 

 
Figure 5.  HOMER output graphic for Solar (Clearness Index and Daily 
Radiation) Profile for Nkanu-West 

 
Figure 6.  HOMER output graphic for Wind Speed profile for Nkanu-West 

Table 2.  Wind and Solar Resource for Abuja, Nigeria 

Month Clearness Index Average Radiation Wind Speed 
 (kWh/m2/day) (m/s) 

Jan 0.652 5.880 2.4 
Feb 0.630 6.090 2.3 
Mar 0.610 6.270 2.5 
Apr 0.577 6.060 2.5 
May 0.539 5.580 2.5 
Jun 0.497 5.060 2.3 
Jul 0.434 4.440 2.5 

Aug 0.404 4.190 2.5 
Sep 0.460 4.730 2.4 
Oct 0.542 5.310 2.0 
Nov 0.655 5.980 2.4 
Dec 0.668 5.860 2.2 

Scaled annual average 5.450 2.4 
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Table 3.  Wind and Solar Resource for Nkanu-West 

Month Clearness Index Average Radiation Wind 
Speed 

 (kWh/m2/day) (m/s) 
Jan 0.605 5.680 2.100 
Feb 0.578 5.740 2.200 
Mar 0.537 5.570 2.100 
Apr 0.503 5.250 2.000 
May 0.487 4.940 1.900 
Jun 0.458 4.540 2.100 
Jul 0.415 4.140 2.400 

Aug 0.382 3.910 2.500 
Sep 0.406 4.190 2.300 
Oct 0.457 4.570 1.700 
Nov 0.539 5.110 2.000 
Dec 0.595 5.460 1.800 
Scaled annual average 4.950 2.1 

The proposed energy system for each of the Datacenters 
sites consists of grid, wind, solar and diesel power as de-
picted in Fig. 5. A typical Datacenter energy consumption is 
216kWh/day with a 8.99kW peak demand load, and the 
energy system consists of a Generic 10kW wind Turbine 
Generator, 16 kW diesel generator, 10.7 kW solar PV array, 
24 Surrette 6CS25P Battery Cycle Charging, and a 25 kW 
AC/DC converter. The lifetime of the project is estimated at 
20 years with a fixed annual interest rate of 6%. 

2.3. Simulating Datacenter Energy Design Using 
HOMER 

The simulation runs in this paper are based on the 
HOMER implementation. HOMER allows for more flexi-
bility of research purposes in Energy. HOMER program 
simplifies the task of evaluating design of Energy system 
using optimization algorithms. In this paper the system siz-
ing[29],[26] is carried out using HOMER-optimization and 
simulation software tool for parts of the mathematical mod-
eling is driven by HOMER. The results from the optimiza-
tion by the software were used as point of reference (analy-
sis). Homer’s optimization algorithm calculates how many 
and what size of each components to be used for the hybrid 
system at the lowest cost possible. The selected data were 
used to derive the optimization. The life cycle costs and 
estimated energy supply were calculated for nearly hundred 
different hybrid system component combinations based on 
differently sized PV arrays, sized wind turbines, hydro tur-
bines and diesel generator. 

3. Optimization Result 
Applying the optimization Model equation derived, the 

best energy solution is determined for any given Datacenter 
and location. Different types of possible single-source sys-
tems and hybrid system combinations were simulated with 
their costing and sizing compared with a PV/wind/grid/ 
diesel/battery system. Some centres will be best served by 

mains power and others by combinations of the renewable 
energy solutions. The total Net Present Cost (NPC) for 
economic and environmental evaluation of the Hybrid (Solar 
& Wind) + Grid + DG, Hybrid (Solar & Wind) + Grid, Solar 
+ Grid + DG, Wind + Grid + DG, Solar + Grid, Wind + Grid, 
Grid + DG, Grid system have been developed and simulated 
using the model which results in eight different topologies, 
ordered by the most effective NPC as follows:  

1. Grid + Batteries + Rectifier  
2. Grid + Wind only + Batteries + Rectifier 
3. Grid + Solar only + Batteries + Rectifier  
4. Grid + Hybrid (Solar & Wind) + Batteries + Rectifier 
5. Grid + DG + Batteries + Rectifier 
6. Grid + Wind + DG + Batteries + Rectifier  
7. Grid + Solar + DG + Batteries + Rectifier  
8. Grid + Hybrid (Solar & Wind) + DG + Batteries + 

Rectifier 

 
Figure 7.  The Proposed Energy system for Datacenter 

From the outlined design above, we were able to compare 
the cost-effective of adding renewable energy components to 
the existing energy (Grid): 
● The Grid Power with hybrids (wind & solar), (wind & 

diesel), (solar & diesel) and (wind/solar/diesel). 
● The Grid power configuration with pure diesel, pure 

wind and pure solar models. 
From the simulation results tables (5.1-7.2) it was noticed 

that only (PV/battery, wind/PV/battery or wind/battery) can 
meet the demand requirements cost effectively. For the high 
demand level of 216kWh/day, a grid only system is more 
reasonable in cost than a renewable only system.  

The detailed optimization results of Abuja (FCT) and 
Nkanu West Datacenters are as shown in Figures 6 and 7. 
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Figure 8.  Optimization Results of Energy System for Datacenter Located in Abuja, FCT 

 
Figure 9.  Optimization results of energy system for Datacenter located in Nkanu-West, Enugu 

The proposed renewable energy system consists of the 
following: 
A Generic 10 kW Wind turbine 

A Generic 10kW type wind electric generators are taken 
for this system. It converts wind energy into electrical energy. 
Availability of energy from the wind turbine depends greatly 
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on wind variations. Therefore, wind turbine rating is gener-
ally much higher compared to the average electrical load. In 
this analysis, Generic Wind turbine model is considered. It 
has a rated capacity of 10kW and provides 48V DC. As 
outputs Cost of one unit is considered to be $29000 while 
replacement and maintenance costs are taken as $25000 and 
$400/year. The cost analysis is shown in Figure 8 (a). The 
power curves of wind turbine is shown in Figure 8 (b). To 
allow the simulation program find an optimum solution, 
lifetime of a turbine is taken to be 20 years. 

 
Figure 10.  A Generic 10kW cost curve 

 
Figure 11.  A Generic 10kW power curve 

A 10.7 kW Photovoltaic array 
Solar PV modules are connected in series parallel. When 

the sunrays strike the Solar PV panels, it produces electricity. 
The Solar PV power at the site is higher than the wind power. 
A 10.7 kW solar energy system’s installation and replace-
ment costs are taken approximate as $7000 and $6000, re-
spectively (Figure 9). The lifetime of the PV arrays are taken 
as 20 years and no tracking system is included in the PV. 

 
Figure 12.  Cost curve of PV 

Battery bank 
A battery bank is used as a backup system and it also 

maintains constant voltage across the load. A Surrette 

6CS25P type Batteries are taken for this system. The battery 
pack consists of 6V, 1,156Ah, 9,645kWh batteries connected 
in series / parallel configuration. Cost of one battery is $210 
with a replacement cost of $200 (Figure 10). 

 
Figure 13.  Cost curve of battery 

Converter 
A power electronic converter is needed to maintain flow 

of energy between the ac and dc components. For a 1 kW 
system the installation and replacement costs are taken as 
$20000 and $20000, respectively. Cost analysis shown in 
Figure 11. Lifetime of a unit is considered to be 20 years with 
an efficiency of 85%. Consider for this hybrid system 25kW 
converter. 

 
Figure 14.  Cost curve of converter 

3.1. Simulation Results of Different Generator for 
Monthly Average Electric Production. 

 
Figure. 15.  Grid Monthly Average Electric Production for Abuja Data-
center 

 
Figure 16.  Grid and wind Monthly Average Electric Production for Abuja 
Datacenter 
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Figure 17.  Grid and PV Monthly Average Electric Production for Abuja 
Datacenter 

 
Figure 18.  Grid, PV and Wind Monthly Average Electric Production for 
Abuja Datacenter 

 
Figure 19.  Grid and Diesel Monthly Average Electric Production for 
Abuja Datacenter 

 
Figure. 20.  Grid, wind and Diesel Monthly Average Electric Production 
for Abuja Datacenter 

 
Figure 21.  Grid, PV, and Diesel Monthly Average Electric Production for 
Abuja Datacenter 

 
Figure 22.  Grid, PV, Wind and Diesel Monthly Average Electric Produc-
tion for Abuja Datacenter 

 
Figure 23.  Grid Monthly Average Electric Production for Nkanu-West 
Datacenter 

 
Figure 24.  Grid and wind Monthly Average Electric Production for 
Nkanu-West Datacenter 

 
Figure 25.  Grid and PV Monthly Average Electric Production for 
Nkanu-West Datacenter 

 
Figure 26.  Grid, PV and Wind Monthly Average Electric Production for 
Nkanu-West Datacenter 

 
Figure 27.  Grid and Diesel Monthly Average Electric Production for 
Nkanu-West Datacenter 

 
Figure 28.  Grid, Wind and Diesel Monthly Average Electric Production 
for Nkanu-West Datacenter 
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Figure 29.  Grid, PV and Diesel Monthly Average Electric Production for 
Nkanu-West Datacenter 

 
Figure 30.  Grid, PV, Wind and Diesel Monthly Average Electric Produc-
tion for Nkanu-West Datacenter 

Table 4. Comparison of Simulation results of Economic Cost for Abuja Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/Wind-
Grid 

Die-
sel-Grid 

Wind/Diesel
-Grid 

PV/Diesel-
Grid 

PV/Wind/ 
Diesel-Grid 

Initial Cost $30,040 $59,040 $104,940 $133,940 $270,040 $299,040 $344,940 $373,940 
Operating 

Cost $5,818 $6,452 $5,890 $6,526 $3,259 $3,893 $3,331 $3,967 

Levelized 
Cost($/kWh) $0.104 $0.140 $0.179 $0.216 $0.309 $0.346 $0.384 $0.421 

Total NPC $104,409 $141,521 $180,235 $217,361 $311,696 $348,808 $387,522 $424,648 

Table 5.  Comparison of Simulation results of Economic Cost for Nkanu-West Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/ 
Wind-Grid Diesel-Grid Wind/ 

Diesel-Grid 
PV/ 

Diesel-Grid 
PV/Wind/ 

Diesel-Grid 
Initial Cost $30,040 $59,040 $104,940 $133,940 $270,040 $299,040 $344,940 $373,940 
Operating 

Cost $5,818 $6,469 $5,966 $6,617 $3,259 $3,910 $3,407 $4,058 

Levelized 
Cost($/kWh) $0.104 $0.141 $0.180 $0.217 $0.309 $0.346 $0.385 $0.422 

Total NPC $104,409 $141,730 $181,201 $218,526 $311,696 $349,017 $388,488 $425,813 

Table 6.  Comparison Simulation results of Environmental Cost for Abuja Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/Wind-
Grid 

Die-
sel-Grid 

Wind/Diesel-
Grid 

PV/Diesel-
Grid 

PV/Wind/Diesel-
Grid 

Carbon dioxide (kg/yr) 49,840 49,312 40,109 39,598 49,840 49,312 40,109 39,598 
Carbon monoxide 

(kg/yr) 0 0 0 0 0 0 0 0 

Unburned hydrocarbon 
(kg/yr) 0 0 0 0 0 0 0 0 

Particulate matter 
(kg/yr) 0 0 0 0 0 0 0 0 

Sulphur dioxide (kg/yr) 216 214 174 172 216 214 174 172 
Nitrogen oxides (kg/yr) 106 105 85 84 106 105 85 84 

Table 7.  Comparison of Simulation results of Environmental Cost for Nkanu-West Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/Wind-
Grid 

Die-
sel-Grid 

Wind/Diesel-
Grid 

PV/Diesel-
Grid 

PV/Wind/Diesel-
Grid 

Carbon dioxide (kg/yr) 49,840 49,571 41,304 41,039 49,840 49,571 41,304 41,039 
Carbon monoxide 

(kg/yr) 0 0 0 0 0 0 0 0 

Unburned hydrocarbon 
(kg/yr) 0 0 0 0 0 0 0 0 

Particulate matter 
(kg/yr) 0 0 0 0 0 0 0 0 

Sulphur dioxide (kg/yr) 216 215 179 178 216 215 179 178 
Nitrogen oxides (kg/yr) 106 105 87.6 87 106 105 87.6 87 

Table 8.  Comparison of Simulation results of Electricity Production (kWh/yr) for Abuja Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/Wind-Grid Diesel-Grid Wind/Diesel-Grid PV/Diesel-Grid PV/Wind/Diesel-Grid 

Grid (78,862) 
100% 

(78,025) 
99% 

(63,464) 
78% 

(62,655) 
77% 

(78,862) 
100% 

(78,025) 
99% 

(63,464) 
78% 

(62,655) 
77% 

 
PV 

 
0% 

 
0% 

(18,175) 
22% 

(18,175) 
22% 

 
0% 

 
0% 

(18,175) 
22% 

(18,175) 
22% 

 
Wind 

 
0% 

(980) 
1% 
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(980) 
1% 
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(980) 
1% 

 
0% 

(980) 
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0% 

 
0% 

 
0% 

 
0% 

(0) 
0% 

(0) 
0% 

(0) 
0% 

(0) 
0% 

Total (78,862) 
100% 

(79,005) 
100% 

(81,639) 
100% 

(81,810) 
100% 

(78,862) 
100% 

(79,005) 
100% 
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(81,810) 
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Table 9.  Comparison of Simulation results of Electricity Production (kWh/yr) for Nkanu-West Datacenter 

Parameter Grid Wind-Grid PV-Grid PV/Wind-Grid Diesel-Grid Wind/Diesel-Grid PV/Diesel-Grid PV/Wind/Diesel-Grid 
 

Grid 
(78,862) 

100% 
(78,434) 

99% 
(65,354) 

80% 
(64,935) 

80% 
(78,862) 

100% 
(78,434) 

99% 
(65,354) 

80% 
(64,935) 

80% 
 

PV 
 

0% 
 

0% 
(15,930) 

20% 
(15,930) 

20% 
 

0% 
 

0% 
(15,930) 

20% 
(15,930) 

20% 
 

Wind 
 

0% 
(503) 
1% 

 
0% 

(503) 
1% 

 
0% 

(503) 
1% 

 
0% 

(503) 
1% 

 
Diesel 

 
0% 

 
0% 

 
0% 

 
0% 

(0) 
0% 

(0) 
0% 

(0) 
0% 

(0) 
0% 

Total (78,862) 
100% 

(78,937) 
100% 

(81,284) 
100% 

(81,367) 
100% 

(78,862) 
100% 

(78,937) 
100% 

(81,284) 
100% 

(81,367) 
100% 

 

3.2. Simulation Results 

Systems located in Abuja (FCT) and Nkanu-West (Enugu) 
were optimized. The Simulations provide information con-
cerning the electricity production, economic costs and en-
vironmental characteristics of each system, such as the CO2 
emissions. The obtained results are presented in tables 
5.1-5.2; 6.1-6.2; and 7.1-7.2. The detailed analyses obtained 
at the end of the simulations are described below: 

3.3 Grid Only 

Grid only system has the least initial capital cost and 
lowest total net present cost for the whole project as shown in 
tables 5.1-5.2. Furthermore, this system emits more CO2 
(49,840kg; 49,840kg), Sulphur dioxide(216kg; 216kg) and 
NOx (106kg; 106kg) for Abuja and Nkanu-west as shown in 
tables 6.1-6.2, respectively. 

3.4. For One Renewable-Grid Hybrid 

Wind-Grid system and Solar-Grid system give an oppor-
tunity for renewable energy to supply 1% and 22%, respec-
tively, of the energy demand in Abuja (FCT); 1%, and 20% 
respectively, for Nkanu-West (Enugu State); as shown in 
tables 7.1-7.2, respectively. Furthermore, Wind-Grid system 
and Solar-Grid system reduces CO2 by[(528kg; 269kg), 
(9,731kg; 8,536kg)], Sulphur dioxide by[(2kg; 1kg), (42kg; 
37kg)] and NOx by[(1kg; 1kg), (21kg; 18.4kg)] for Abuja 
(FCT) and Nkanu-west (Enugu State) as deducted from 
tables 6.1-6.2, respectively. 

3.5. For Two Renewables-Grid Hybrid 

PV/Wind-Grid system has the ability for reducing the 
proportion of energy supplied by Grid to 77%, in Abuja 
(FCT); 80%, in Nkanu-West (Enugu State); as shown in 
tables 7.1-7.2, respectively. And finally, PV/wind-Grid sys-
tem could save (528kg; 269kg) of CO2, (2kg; 1kg) of Sul-
phur dioxide and (1kg; 1kg) of NOx of emission in Abuja 
(FCT) and Nkanu-west (Enugu State) as deducted from 
Tables 6.1-6.2, respectively. These differences are due to 
energy resources and its geographical locations. 

4. Conclusions 
The results show that, grid is the best choice economically, 

because it attracts the least cost but the problem is that, the 

grid is not reliable and not efficient within the nation. From 
an environmental perspective there were significant benefits 
in using Hybrid Solar-Grid power. It is observed that the 
diesel generator is out of place looking at the huge amount 
involved. From the results, Datacenter could save (9,731kg; 
8,536kg) of CO2 emissions annually in Abuja (FCT) and 
Nkanu-west (Enugu State), respectively by removing backup 
Diesel Generators and by using Solar-Grid as a power 
source.  

In general, the hybrid Solar-Grid power system offered a 
better performance to provide power supply than the grid 
only system. The simulation results demonstrate that utiliz-
ing renewable generators such as a hybrid (PV/wind) gen-
erator reduces the greenhouse gases (CO2 and NOx) emitted 
to the environment. The results also demonstrate that re-
newable energy technologies, including solar PV and wind 
systems, have the potential of supplying electricity to Data-
centers in a cost effective manner.  

Grid would have been the best option but due to its unre-
liability in Nigeria, coupled with its high Environmental 
impact, PV-Grid system is likely to be the best option which 
is reliable and has the least Environmental cost for the pro-
ject. However, it is important to note that there is no general 
least-cost option for powering Datacenters at different loca-
tions. It all depends on climatic conditions and available 
renewable energy resources. 
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