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                                                                             Abstract 

Many Nigerian Universities especially Nasarawa State University (NSUK) suffer from serious energy 

problems due to their present grid-only dependent systems, owing to problems prevalent in the 

national grid. These problems include sub-optimal generation capacity, insufficient transmission 

infrastructure and high distribution losses. This paper presents the design and development of an 

optimized campus hybrid microgrid model for NSUK based on econometric and financial feasibility 

analysis. The campus load profile was assessed and the present constraints of the existing system were 

determined with the aid of Fluke Power Analyzer and Fluke Industrial Multimeter. The measured and 

recorded parameters were used as the defined inputs to HOMER Pro, a microgrid design and 

optimisation software. The optimisation results indicated a net present cost of $3,121,580.31, cost of 

energy at $0.0642, total annual electrical energy output of 4,705,612kWh and a renewable penetration 

of 204%. These results were considerably better than those obtained for the NSUK existing grid-only 

dependent system. Therefore, we recommend that the university can consider emerging technologies 

such as micro-grids as a strategic alternative to the present grid-only dependent system. 

Key words: Microgrids, Fluke meters, HOMER Pro, Net Present Cost, Energy Cost. 

 

1. Introduction 

Located in Keffi, Nigeria on longitude 8°50′50″N and latitude 7°52′3”E; the Nasarawa State 

University, Keffi, was established under the Nasarawa State Law No. 2 of 2001 as passed by the State 

House of Assembly. Nasarawa State government then facilitated the official take-off of the University 

in February, 2002, for effective academic activities. Today, despite all odds associated with the take-

off of a University, Nasarawa State University is on a solid foundation to deliver on all expectations 

(NSUK, 2018). With the rapid expansions taking place at the main campus of the University, it is 

expected that academic activities will grow in a corresponding intensity. This can be deduced from the 

fact that in less than the two decades of its existence, the institution has witnessed tremendous growth 

in all fronts. Students’ population increased from less than 2,000 to well over 20,000 by current 

university estimates. Staff strength equally increased from less than 200 to over 1,500 (NSUK, 2018). 

The proliferation of structures all over the main campus is a pointer that more development and (by 

extension) expansion is inevitable. With the current trend of development and expansion in the 

institution, it is expected that there will be an attendant increase in the demand for resources. One such 

resource, which is most crucial to the attainment of the university’s vision and mission ideals of 

becoming “a World Class Centre of Excellence for the development of the individual and the society 

and, to encourage and enable individuals to develop their full potentials by providing qualitative and 

stimulating learning environment encompassing a wide range of relevant educational activities” - is 

electrical energy. This all important resource is a necessity if the thriving institution is to exist at all. 
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Unfortunately, with a current daily demand profile of over 5 Megawatts, the university is still battling 

with a meager monthly average load dispatch of 2Megawatt-hour (MWh) from the national grid. 

Moreover, the supply from the national grid suffers from extensive power quality problems as well as 

over-billing. The Nigerian electricity grid, which is the main source of electrical energy for Nasarawa 

state university is an ailing sector with no remedial destination in sight. The grid as well as the power 

sector, is characterized by some major debilitating challenges, which include sub-optimal utilization of 

generation plants (partly due to insufficient gas molecule availability), inadequate transmission 

infrastructure and high distribution losses (APT, 2015). As such, the Nasarawa State University, Keffi 

cannot afford to continue in its current grid-only dependence for the much needed electrical energy 

supply, if it hopes to attain its founding ideals and objectives. To that end, the focus of this research is 

to develop a campus microgrid model, which can serve as a strategic alternative to the current grid-

only dependent system.  

Microgrids are autonomous electrical networks that can operate in both grid-connected or island-mode 

(Hirsch et al., 2018). The sizes can range from a single building or household to a region. Microgrids 

are a major revolution of the electricity industry to include high penetrations of renewable energy and 

modern communications systems and advanced controls architecture. They are also a potential 

solution to global incidence of energy shortage; since it is often more economical to build a localized 

electrical system with strong inclusion of renewable energy sources than to extend the grid into remote 

areas, particularly as grids are deemed extremely unreliable in certain areas (Homer, 2019). 

Microgrids can help to mitigate the inherent problems that are usually common to electric utilities in 

developing economies such as Nigeria. These problems, which typically border on frequent power 

outages, inadequate grid capacity, huge power losses from transmission and distribution network, 

incorrect billing systems, frequency and voltage fluctuation and  rampant incidence of system sabotage 

and vandalization constitute the major bottlenecks to the operations of every electric utility. 

Furthermore, microgrids offer a favorable option towards cleaner energy access. The benefits of 

microgrid systems include the following: lower energy costs, improved energy efficiency and lower 

environmental concerns, and higher system reliability. The technological reality of microgrids can be 

largely attributed to the increasing popularity of distributed energy resources (DERs), as well as the 

advances in the technology of energy storage and nano devices (Hyams et al., 2010). A microgrid is 

made up of a number of distributed energy resources (DERs), a storage system, control 

architecture for overall system dispatch coordination and a converter system, which convert direct 

current (DC) to alternating current (AC) and vice versa across various system elements. 

This research adopted a procedure based on economic and financial feasibility analysis used to 

evaluate 4 scenarios of system architecture, based on some econometrics including; Net Present Cost 

(NPC), Cost of Energy (COE), Operating Cost (OC), Initial Capital (IC), and Renewable Fraction. 

Other parameters considered include; Renewable Penetration, Energy Produced, Energy Purchased, 

Energy Sale Capability, and Excess Energy. 

In view of the above, this research focused on 3 key objectives: determination of the existing load 

profile of Nasarawa State University, Keffi main campus; identifying the constraints of the currently 

existing grid-only dependent system; and development of a suitable micro-grid scenarios based on 

advanced econometric tools, with overall cost and energy savings. This paper is organized as follows: 

the next section provides a brief theoretical background on micro-grids as an emerging industry for 

sustainable sources of electrical energy, including its benefits. We then present the methodology viz 

materials and methods used in carrying out the research. Finally, the simulations of optimized 
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scenarios, and discussions of the results of the simulation including theoretical and practical 

implications are presented. The paper concludes by presenting the research limitations and proposing 

avenues for future research. 

 

2. Microgrid Architecture 
The idea of microgrids initially appeared in literature almost two decades ago for making possible the 

massive and reliable integration of renewable energy sources (RES) without requiring highly complex 

algorithms to manage all the renewables (Hadjidemetriou et al., 2018). Microgrids usually come, 

inherently equipped with technical and economic benefits to electric utilities, and, especially to 

consumers of electricity. These benefits include high renewable penetration, power quality, peak 

demand shaving, system reliability and lower greenhouse emissions (Hussein et al., 2017; Afamefuna 

et al., 2014 in Vu et al, 2018). In addition, the system control architecture, which is IoT-based, offers 

important demand side flexibilities such as seamless transitions between island-mode and grid-

connected mode, efficient load management, control of energy efficiency and demand response 

leveraging (Hussein et al., 2017 in Vu et al., 2018). 

Microgrids, however diverse in their applications and purpose, have fairly common technical 

framework and features. The diversity may be occasioned by economic and geographical peculiarities. 

Generally, microgrids are made up of 5 major components, and these are: 

 Power Sources; 

 Power Management and Control System; 

 Energy Storage and Management System; 

 Load and Load Management System; 

 Grid Connection (optional) 

Miret (2015) offers an overview of the above components as arranged in the order below (Figure 2.1): 

Power Sources - the power source is the most primary component any microgrid system. The power 

source is typically adjusted to meet the load demands on the microgrid, such as the generating capacity 

desired, as well as other considerations. Power sources include photovoltaic cells, combustion engine 

primers, Microturbines, wind turbines, mini hydro-schemes etc. 

Power Management System and Control System - The power management system is responsible 

for the distribution of electrical energy from the source to all load points. These types of electric power 

management systems typically involves conversion of electrical energy from the electrical energy 

source via an inverter, which converts energy to the form suitable for most loads, as well as  

interfacing with the energy storage components of the microgrid to aggregate a good supply and 

demand of electrical energy within the microgrid system. Features such as smart meters are an integral 

part of modern microgrids. Application-specific software packages help to integrate the control of 

such modern features to the overall system architecture, which helps to manage the system efficiently. 

Energy Storage System – Depending on the microgrid controller algorithm, Storage systems store 

electrical energy during periods of availability of power, and then supply energy during periods of 

unavailability.  
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Figure 2.1 - A Typical Configuration of a Microgrid (Hadjidemetriou et al., 2018) 

Load and Load Management Systems - These are the electrical energy consuming devices whose 

energy is supplied by the entire system. They an essential consideration as they influence the electrical 

demand placed on the microgrid, which in turn will affect the power generating capacity required from 

the power source and the storage requirements.  

Grid/Utility Connection - Integrated connection to the traditional utility is a common feature of many 

microgrids. Exchange of power between the microgrid and the larger utility network is made possible 

by such connection. Many university or corporate campuses and hospitals commonly utilize these 

types of microgrids arrangement popularly known as hybrids. 

 

2.1 Microgrid Design Using Homer Optimization Software 
Modeling and design of microgrid systems involves a lot of complexities, owing to the vast number of 

design variations and the uncertainty in major parameters, such as size of the load and future price of 

fuel. Renewable power sources add to these complexities since their power output may be intermittent, 

seasonal, and non-dispatchable, and the availability of renewable resources may be without certainty. 

Furthermore understanding what combination of microgrid DERs will work where is quite complex. 

Hybrid Optimization Model for Electric Renewables (HOMER) was designed to overcome these 

challenges (Farret & Simoes, 2006). Other microgrid design and optimization softwares are available; 

such as Distributed Energy Resources Customer Adoption Model (DER-CAM), Microgrid Design 

Toolkit (MDT), Renewable Energy Optimization (REopt) Tool. However, HOMER is specifically 

engineered to hybridized microgrids. It is a decision analysis tool for hybridized microgrids of all 

shapes and sizes (Homer Energy, 2019). 

The HOMER is decision-support software developed by National Renewable Energy Laboratory 

(NREL), USA to electric industry operators in optimising microgrids design. This tool also offers 

comparisons of electrical power generation options over a wide range of scenarios. HOMER carries 

out the modeling of a microgrid system performance, as well as the overall cost of the installation, 

operation and maintenance of the system during its lifespan. The user is allowed by HOMER to 
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compare various options based on system performance parameters and economic viability. It also 

helps with the predictions of uncertainties and forecast of the responses to input parameters and 

sudden changes to such input changes. Three major tasks are accomplished by HOMER, and these are; 

simulation optimization and sensitivity analysis. Through simulation, HOMER accomplishes 

performance modeling and configuration of a microgrid system over single year period, on an hourly 

basis to predict its viability and financial feasibility.  During optimisation, different system 

configurations are simulated for the most suitable match that meets the specified technical constraints 

at the lowest overall cost. The effects of uncertainty or changes in the variables over which the 

designer has no control, are assessed with the help of the sensitivity analysis. Such changes include the 

average wind speed or the future fuel price (Farret & Simoes, 2006). 

 

Vu et al. (2018) presented the design of a grid-connected campus microgrid based on financial 

analysis, using Microgrid Decision Support Tool (MDSTool). The economic effects of energy 

efficiency control were taken into account, and microgrid financial feasibility was evaluated based on 

economic measures including net present value, lifecycle cost, as well as simple payback period. LCC, 

NPV, and SPB were used to evaluate the financial feasibility of the microgrid. The optimal sizing of 

the microgrid is decided so that the project NPV is the highest. The analysis results indicate economic 

viability of the microgrid with lower LCC as compared with that of the base case. In addition, when 

the energy efficiency control is implemented, the microgrid becomes more financially attractive with 

higher NPV (NPC) of $3,411,800.00. 

 

Sahoo et al. (2015) carried out a research in which the feasibility study of wind and solar PV based 

microgrid installation was analyzed in an educational institution having grid uncertainty. “Green 

Campus” was achieved by implementing a microgrid with available renewable sources such as wind 

and solar which is optimally designed using HOMER optimisation. Some key objectives were to bring 

down diesel cost, carbon emission and to increase renewable energy penetration to about 50%. 

Sensitivity analysis with solar radiation level, wind speed data, and diesel price is done. Comparisons 

of such project and economics against conventional power sources were made and Sizing, 

performance and various cost indices were also analyzed with the results indicating a Net Present Cost 

of Rs.29, 907,140 and cost of energy at Rs.15.19/unit. 

Reasoner (2017) evaluated various generation sources and energy storage options, and performed a 

HOMER® discrete optimization to determine the best microgrid design. Further sensitivity analysis 

was performed to see how changing parameters would affect the outcome. Results obtained show a 

Net Present Cost (NPC) of $114,650,952 and a Levelised Cost of Energy CoE at $1.159/kWh. 

 

3. Materials and Methods 

3.1 Materials 
a. For the load estimation of the main campus, Nasarawa State University, Keffi; the following 

instruments were used: 

 1 No Fluke™ 438-II Power Quality & Motor Analyzer; 

 1 No. Fluke™ 87V Industrial Multimeter; 

 2 Nos. Arla Maximum Demand meter (defunct PHCN Standard Issue), with 5MWh 

capacity; 
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 4 Nos. Arla Maximum Demand meter (defunct PHCN Standard Issue), with 3.5MWh 

capacity. 

b. Hybrid Optimization Model for Electric Renewables (HOMER) was employed for the 

economic and feasibility analysis of the proposed microgrid design. 

 

3.2 Methods 

a. The system parameters on the supply side (33kV side of the 300kVA sub-station at 

Convocation Ground, main campus) of the national grid were recorded using the Fluke™ 438-

II Power Quality & Motor Analyzer. The measurement was carried out on a 4-hour interval for 

a period of 1 week. The following system events were monitored to determine the general 

system condition: 

 Voltage (for stability or otherwise fluctuations characterized by surges and/or sags); 

 Current (for stability or otherwise fluctuations); 

 Frequency (for stability or otherwise fluctuations). 

Tables 3.1 and 3.2 present the recorded values of the grid system condition. The readings 

indicate a persistent frequency deviation of 2.1%, which is not allowed. 

 

Table 3.1 – Grid Parameters (VOLTAGE PROFILE) 

 

RED 

PHASE 

YELLOW 

PHASE 

BLUE 

PHASE NEUTRAL 

V(rms) 239.4V 237.7V 239.8V 0.6V 

V(peak) 263.4V 261.2V 311.8V 0.8V 

C.F. 1.1 1.1 1.3 1.2 

FREQ. 48.95Hz 48.95Hz 48.95Hz 48.95Hz 

 

Table 3.2 – Grid Parameters (CURRENT PROFILE) 

 

RED 

PHASE 

YELLOW 

PHASE 

BLUE 

PHASE NEUTRAL 

I(rms) 

432 

Amps 412 Amps 

360 

Amps 46 Amps 

I(peak) 

538 

Amps 470 Amps 

624 

Amps 63 Amps 

C.F. 1.3 1.2 1.8 1.9 

 

b. The campus facility load profiling was carried out with the Fluke™ 87V Industrial Multimeter. 

A total of 45 facilities, including 5 uncompleted structures were assessed, with each facility 

assessed at its loading (MDB) point. The assessment was not carried out online (grid 

connected). The watt per metre squared (watt/m
2
) was employed for the five uncompleted 

structures named (only for reference purpose) as: Uncompleted TETFund Intervention A, 

Uncompleted TETFund Intervention B, Uncompleted TETFund Intervention C, 

Uncompleted TETFund Intervention D and Uncompleted TETFund Intervention E. The 

built area for these 5 uncompleted facilities was determined each to an approximated value, 

with measurements taken using Google Earth Pro satellite camera at an eye altitude of 411 



LAJAST: Journal of Engineering, Science and Technology  

ISSN: 2545 - 5583 (online) Vol. 4 No.3, October, 2020.  

www.asuplafia.org.ng/journal 

 
 

7 | P a g e  
 

metres. Thus the installed capacity is taken as the total ampacity of all deployed fuses and 

Miniature Circuit Breakers at every particular loading point put together. Figure 3.1 shows the 

daily, seasonal and annual load profiles as logged in HOMER. The yearly average 

consumption is 5,742.72kWh/day at an assumed random variability of 7.960% (day-to-day) 

and 6.012% (time-step). The average available daily load is 239.28kW at a peak availability of 

409.43kW. Scaling was done on a 1:1 basis. 

 

                               

                                                  
                                                                                                                                                   

Where: 

Load factor = the product of the power factor (P.F.) and the diversity factor (D.F.) = 0.73x0.8 

                                                           

 
Figure 3.1 – NSUK Daily, Seasonal and Yearly Load Profiles 

 

c. The combined maximum demand (MD) meter readings (1 week record) from the Fluke Power 

Analyzer and data log from AEDC (readings covering October 21
st
, 2018 – October 20

th
 2019) 

indicate a total consumption of 369,729.73kWh giving a monthly average of 30,810.82kWh. 

The vending history of the NSUK main campus (provided with kind assistance of EVAPP) 

showed a monthly vending average of ₦1,200,000.00. An annual consumption of 

369,729.73kWh suggests a daily average power supply of 1,013kWh from the grid. 

                           
 

         
     

     
  

  

 
       

          

     
                                                               

 

 Therefore, assuming a campus load profile of 5,220kWh and a grid dispatch of 1,013kWh, 
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The grid supplies electrical power to the main campus for an average of less than 5hrs daily at 

a prepaid monthly bill of ₦1,200,000.00 (₦37.00/kWh commercial rates). 

 

d. The working structure of HOMER is described in Figure 3.2 below. The software incorporates 

two models of simulation, namely; performance model and economic model.  

Figure 3.2 – HOMER Working Architecture 

 

 

It comprises of various distributed energy resource (DER) technologies such as photovoltaics (PV), 

wind turbine, small hydro, geothermal, biomass, internal combustion engine alternator, fuel cell, 

energy storage systems, etc. The performance model simulates a maximum of up to 1 year of system 

operation, while the economic model has simulation capability of up to 25 years for various case 

scenarios of system configuration. 
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3.3 Proposed Microgrid System Model Schematic 

The general schematic of the proposed model is as shown in figure 3.3 below. It comprises of the 

following components: 

 An auto-sizeable generator (named Auto Configurable Genset) – This generator uses an 

advanced AVR system to size its output automatically in response to load changes; 

 Two load profiles (one being the cumulative loads of all 45 facilities at NSUK main campus, 

and the other being a deferrable load representing a small residential load from the host 

community. The former is named NSUK Cumulative Load while the latter is named NSUK 

Host Community (Deferrable Load)); 

 The grid source, named Utility Grid AEDC, etc. – The grid operates a multi-year tariff order 

(MYTO) embedded in its vending outlet at a grid power price of $0.100/kWh (equivalent to 

₦37.00/kWh), zero excess energy charges; 

 Photovoltaic (PV) system named LR6-SOL PV – The selected product is a branded LONGi 

Solar LR6-60PB with the following properties: 

o Manufacturer: LONGi Solar Technologies; 

o Rated Capacity (kW): 2,500; 

o Panel Type: Polycrystalline Flat Plate; 

o Operating Temperature (ºC): 47; 

o Temperature Coefficient: -0.380; 

 Battery storage system named 1kWh LA – The selected storage is a generic Lead Acid battery 

stringed system with the following parameters: 

o Capacity (kWh): 1; 

o Nominal Voltage: 12V; 

o Capacity Ratio: 0.403; 

o Maximum Capacity: 83Ah 

o Charging Rate (Max.): 1A/Ah 

o Maximum Charging Current: 16.7A 

o Discharge Current (Max.): 24.3A 

o Round-trip Efficiency: 80% 

 The system converter named ABB-PSCL – This is an ABB PSTORE-PCS model that comes 

specified for both outdoor and indoor applications. Ranges vary from 900kVA – 2880kVA. 

With a continuous rated output, it has a 200% overload-handling capacity. 

 The selected system controller using a combined load following and cycle charging dispatch 

algorithm (or strategy). 
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Figure 3.3 - System Model Schematic 

 

In selecting the user defined inputs, the following economic assumptions were made: 

 An annual discount rate of 8%; 

 An annual inflation rate of 2%; 

 No annual capacity shortage; and  

 A project lifetime of 25 years; 

 The Currency denomination used is the US Dollar owing to its stability in the global 

market. 

Once the inputs are defined for HOMER, various scenarios of microgrid configurations with different 

combinations of distributed energy resources were simulated on a single-year operational basis by the 

performance model. The performance model has an input containing a time-series data of 8760-hour 

electricity load demand, cost and technical parameters of microgrid components, weather resources, 

project financial parameters and the system dispatch strategy. The performance model output contains 

a set of time-series data representing energy output of the system, with details on the hourly 

consumption and production of energy. The dispatch strategy (or algorithm) is responsible for 

aggregating the most suitable mix of energy supply and load demand at the lowest cost. At each time 

step, the energy from renewable energy resources (RESs) is always the first priority to dispatch power. 

In the case if the renewable energy is insufficient to supply the load, the dispatch algorithm will decide 

which energy source will be next in priority to operate and at what power level at that time step to 

provide the remaining demand at lowest cost. A Combined Dispatch Strategy was adopted for this 

research, and this is because if possible, the battery is charged only by excess energy from renewable 

sources, but one of the fundamental decisions that the dispatch strategy must make is; when energy 

from the generator will be used to charge the batteries. HOMER uses the kinetic model equation to 

determine the Lead Acid charge power from the expression: 
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where:    

  Q1 = the available energy [kWh] in the storage at the beginning of the time step 

  Q = the total amount of energy [kWh] in the storage at the beginning of the time step 

  c = the storage capacity ratio [unitless] 

  k = the storage rate constant [h-1] 

  Δt = the length of the time step [h] 

And the discharge power from the equation: 

              
            

                

                     
                                                            

 

The following equation to calculate the output of the PV array: 

          (
  
̅̅̅̅

      
̅̅ ̅̅ ̅̅ ̅̅

) [    (         )]                                                                                   

where:   

 
YPV 

= the rated capacity of the PV array, meaning its power output under standard test 

conditions [kW] 

 fPV = the PV derating factor [%] 

 
 

= the solar radiation incident on the PV array in the current time step [kW/m
2
] 

 
 

= the incident radiation at standard test conditions [1 kW/m
2
] 

 αP = the temperature coefficient of power [%/°C] 

 Tc = the PV cell temperature in the current time step [°C] 

 Tc,STC = the PV cell temperature under standard test conditions [25°C] 

 
The cost of generator is determined from the equation: 

                (
 

   
)   

           (
      
    

)              (
 

      )

                                              
  

 
                             (

 
  

)

                                                    
 

                  (
 

  
)

                        
          

 

The operating cost is the annualized value of all costs and revenues other than initial capital costs, and 

is determined from the expression: 

                                                                                                                                         

where:    

  Cann,tot = the total annualized cost [$/yr] 

  Cann,cap = the total annualized capital cost [$/yr] 
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The total net present cost (NPC) of a system is the present value of all the costs the system incurs over 

its lifetime, minus the present value of all the revenue it earns over its lifetime. Costs include capital 

costs, replacement costs, O&M costs, fuel costs, emissions penalties, and the costs of buying power 

from the grid. Revenues include salvage value and grid sales revenue. HOMER calculates the total 

NPC by summing the total discounted cash flows in each year of the project lifetime. The total NPC is 

HOMER's main economic output, the value by which it ranks all system configurations in the 

optimization results, and the basis from which it calculates the total annualized cost and the levelized 

cost of energy (Homer Energy, 2018). Thus: 

 

                                                                                    

 

The levelized cost of energy CoE is calculated by Homer from the equation: 

     
                       

       
                                                                                                          

where:    

  Cann,tot = total annualized cost of the system [$/yr] 

  cboiler = boiler marginal cost [$/kWh] 

  Hserved = total thermal load served [kWh/yr] 

  Eserved = total electrical load served [kWh/yr] 

 

 
4. Discussion of Simulation and Optimization Results 

The simulation report indicates that a total of 28,224 solutions were simulated, of which 100% were 

feasible. A total of 2,772 were however omitted due to lack of a matching converter in each event. 

Tables 4.2 through 4.5 present the simulation and optimization results for the designed microgrid 

model. There are four (4) case scenarios, and the results below represent the most suitable 

configuration (figure 4.1). Figure 4.2 illustrates the simulated electrical energy output of the system.

 

 
Figure 4.1 – Simulation Results for the 4 case Scenarios 
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Figure 4.2 – Simulated Electrical Energy Output of the System 

 

Table 4.1 - System Configuration 

Component Rated Capacity (kW) 

ABB PSTORE-

PCS 990.00 

Generic 1kWh 

Lead Acid 

Storage 

1kWh, 83.3 Amps, 

960Volts 

Genset 1 480kW 

LONGi Solar 

LR6-60PB 2,500kW 

Grid Capability 999,999kW 

System 

Architecture 

Combined Dispatch 

Algorithm 

 

Table 4.2 - System Performance (Electrical Output) 

COMPONENT 

OUTPUT 

(kWh/Yr) 

CAPACITY 

FACTOR 

LONGi Solar 

LR6-60PB 3,801,492.00 80.80% 

GENSET 1 0.00 0 

Grid Purchases 904,120.00 19.20% 

Total 4,705,612.00 

  

Table 4.1 provides the user defined inputs based on the manufactures’ specifications obtainable 

through available links on HOMER’s GUI. The university facility load profile shown in figure 3.1 is 

used as a basis for the selected user-defined inputs. Table 4.2 illustrates the simulated the output 

energy contribution by system components, with the solar PV and grid responsible for the total load 

dispatch, while the storage system and Genset are designated as last line priority dispatch sources. The 

solar PV contributes almost 90% of the electrical energy output, while less than 20% is served by the 

grid. 

 

 

M
W

h
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Table 4.3 - System Performance (Electricity Consumption) 

COMPONENT 

CONSUMTION 

(kWh/Yr) 

CAPACITY 

UTILISATION 

AC Primary 

Load 2,156,477.00 55.70% 

DC Primary 

Load 0.00 0 

Deferrable Load 0.00 0 

Grid Sale 

Capability 1,714,423.00 44.30% 

Total 3,870,900.00 100% 

 

Table 4.4 - General Summary of System Performance 

QUANTITY VALUE UNIT 

Excess Electricity 711,096kWh/Yr 15% 

Unmet Electric 

Load 0.00 0 

Capacity Shortage 0.00 0 

Renewable 

Fraction 

 

76.60% 

Max. Renewable 

Penetration 

 

204% 

 

Table 4.5 – Economic Parameters for the System 

 
 

Table 4.6 – Comparison of the 2 Systems 

 Annual Power 

Output 

Renewable 

Penetration 

COE 

($) 

NPC 

($) 

Excess 

Energy 

NSUK Grid-

only Dependent 

System 

369,729.73kWh 0 0.1 4,997,304.58 0% 

HOMER-

Optimized 

System 

4,705,612kWh 204% 0.0642 3,121,580.31 44.30% 
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Table 4.3 shows that the total power output is capable of serving the entire system demand, and still 

retain some energy sales capability, with excess energy production of up to 17%. The renewable 

penetration is more than 200% as seen from table 4.4 as the renewable fraction of the total energy 

produced reflects 76.6%. The overall system financial outlook is presented in table 4.5. The Net 

Present Cost and the Levelised Cost of Energy are $3,121,000.00 and $0.0624 respectively, as seen 

from table 4.5. Table 4.6 shows a general comparison of the two systems. The optimized system 

proved to be more favorable for the university as it offers better NPC, COE, cost and energy savings. 

 

4.1 Theoretical Implications 

Although similar research might have been carried out elsewhere in the in the world, this research 

pushed forth emphasis on the local peculiarities of the university campus location. Therefore Data 

obtained from this research, such as the recorded campus load profile provides incidental reference for 

further studies/researches. Additionally, this study provides stimulus for verifying previous claims in 

researches with similar focus but were based only on traditional calculations. 

 

4.2 Practical/Managerial Implications 
This study presents an opportunity where the university becomes a “Producing Consumer” by directly 

integrating renewable energy into the campus grid system; reduce dependency on costly fossil fuel 

generators by ensuring uninterrupted power supply, maintenance-free operation, leading to a 

significant reduction in the energy bill. The potentially insightful material can provide support to 

utility companies for grid stabilisation, grid congestion management, voltage support, etc. To utility 

managers, the study also offers essential tools for aggregating a perfect supply-demand mix, and a 

means of adhering to power quality and reliability targets. 

  

5. Conclusion 

A technical and financial feasibility analysis was employed to develop a campus microgrid model for 

Nasarawa State University, Keffi (NSUK) main campus, which suffers from grid uncertainty. An 

optimisation software for Microgrid; HOMER was used to achieve simulation for an optimized 

system. Measured grid conditions and the campus load profile were used as input parameters for the 

software. The US dollar was used as the currency denomination owing to its global market strength to 

ensure consistency in the assumed inflation rate. The simulation results indicate considerable cost and 

energy savings in implementing the optimized microgrid design. Annual energy output, renewable 

penetration, cost of energy and net present cost of the system were the target outputs that were used to 

compare the existing system and the HOMER-optimized system. 

 

6. Recommendations and Future Work 

Assessment of current emission levels due to the use of internal combustion engines for energy 

generation within the campus was not carried out, since the various generating units within the campus 

have decentralized ownerships, and so emission components and levels would require a dedicated 

research focus to ascertain. It is therefore a recommended area of focus in future microgrid designs 

using feasibility analyses. Also, data on the university physical facilities were not readily available at 

the University’s Physical Planning Unit. This could be either due to poor information management, or 

lack of basic skills in technical data handling by designated staff of the unit. Subsequently, physical 
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perimeter measurements of some of the facilities were carried out using satellite cameras on Google 

Earth, at certain aerial distance (eye-altitude). It is strongly recommended that periodic assessment 

should be carried out on all physical facilities and data obtained should be uploaded unto designated 

data bases for public consumption. 
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