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Abstract—Electricity supplies in Nigeria have 
become more erratic, the power infrastructure is 
dilapidated and many Nigerians have been denied 
access to Electricity. Many research work have 
analysed a ways of augmenting the inadequacy of 
the distributed network and distributed generation 
in the form of embedded generation into an 
existing distribution network have also been 
discussed and the solution lies in the provision of 
distributed generation into the 11kV feeders 
connected to the distribution franchise network of 
the DisCo to improve the quality and quantity of 
power available to electricity users. This 
publication seeks to review each literature to 
understand how all the research work converges 
in support of the idea of distributed generation 
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1. INTRODUCTION 
Over the years, Nigerians have witnessed 

persistent power shortage from the national grid. The 
implication is that the load demand is never met by 
the national grid [1,2,3,4,5,6,7,8, 9,10,11,12,13,14, 
15,16,17] and so, alternative energy generation 
approaches have been widely adopted at individual 
household and organisational levels [18,19,20,21,22, 
23,24, 25,26,27,28,29,30,31]. This has occasioned 
the need for distributed generation of electric energy 
for the consumer needs.  

Accordingly, Distributed Generation (DG) can 
be described as small units that generate electric 
power to the location of consumers based on the 
renewable energy technique and including wind 
energy, solar energy, geothermal energy, hydro and 
other forms of energy generation approaches [32]. 
Also most regulatory practices has also allowed the 
interconnection of small power generation sources like 
the gas turbine technology machines of between 50 
kW to 10 MW into the distribution network and are 

called embedded generation (EG) [33] thus the 
integration of DG and EG which are sometimes used 
interwoven, has led to increased voltage and 
frequency stability [2] and the overall power quality in 
the distribution network.  

DG or EG as may be used interchangeably in 
this research, reduces transmission and distribution 
losses, augments the distribution network to reduce 
the inadequacy of the power system grid network and 
improves power system resilience [33]. 

The following types of EG are deployed in the 
delivery of power into the electricity distribution 
network: 
(i) Synchronous generators, which are capable 

of injecting both real and reactive power. 
(ii) Induction generators, such as Wind 

generation farm which are capable of 
injecting real power but consuming reactive 
power. 

(iii) Solar or photovoltaic cells (PV), Micro 
turbines, and fuel cells integrated to the main 
grids with converters / inverters are capable 
of injecting real power only. 

(iv) Synchronous compensators are capable of 
injecting reactive powers only. 

According to the research done by [34], to 
accommodate distributed or embedded generation, 
there must be change in the thinking regarding the 
planning and design of the distribution network, which 
includes the protection system and optimally allocate 
the EG or DG.  

 During planning and design, which involves 
modeling and simulation of the power system 
distribution network, new techniques are developed to 
determine suitable locations and rating of the DG on 
the distribution network with respect to the technical 
constraints which may enable a high penetration of 
generation on the network and avoid network 
sterilization, which results when capacity is allocated 
to the bus / buses whose voltage and or short circuit 
levels (SCLs) are most sensitive to power injection.  
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When fault occurs, the operating point changes 
suddenly from a to b. Due to inertia, angle 𝛿 cannot 
change instantly. 𝑃𝑚 is now greater than 𝑃𝑒, the rotor 
accelerates until the operating point reaches c, when 
the fault is cleared by isolating the faulty circuit from 
the system. The operating point at this point moves 
suddenly to d. Hence, 𝑃𝑒 becomes greater than 𝑃𝑚, 
which causes deceleration of the rotor. Since the rotor 
speed is greater than synchronous speed 𝑤0, 𝛿 
continues to increase until the kinetic energy gained 
during the period of acceleration represented by A1 is 
expended by transferring the energy to the system. 
The operating point moves from d to e, such that the 
area A2 is equal to A1. At the operating point denoted 
as e, the speed becomes equal to the synchronous 
speed, 𝑤0 and which is at its maximum value denoted 
as 𝛿𝑚. Meanwhile, 𝑃𝑒 > 𝑃𝑚, so the rotor continues 
retarding which causes the speed to drop below the 
synchronous speed. Hence,  rotor angle denoted as 𝛿 
decreases while the operating point retraces its path 
from point  e to d and then follows the 𝑃𝑒-𝛿 curve of 
the post fault system farther down. The minimum 
value of 𝛿 is such that it satisfies the equal-area 
criterion for the post fault system. When there is none 
of such damping, the rotor will continue to oscillate at 
a constant amplitude. With a delayed fault clearing in 
Figure 5, area A2 above 𝑃𝑚 is less than A1. By the 
time the operating point gets to e, the kinetic energy 
acquired during the period of acceleration has not 
been completely expended yet; therefore, the speed is 
still greater than synchronous speed and 𝛿 continues 
to increase. Beyond point e, 𝑃𝑒 is less than 𝑃𝑚, and 
the rotor begins to accelerate again. The rotor speed 
and angle continue to increase, leading to loss of 
synchronism. 

 
4. A Simulation Model for Adequacy 

Assessment of Distributed Generation 
Diversity among energy sources will 

contribute to the resilience of power grids operating as 
adaptive distributed generation (DG) systems, 
capable of reconfiguration in response to failures, 
natural disasters or human attacks. Technological 
barriers to the integration and stable management of 
renewable energy sources are linked to the inherent 
uncertainties in the operation of renewable generation 
units, due to intermittency and forecasting 
imprecision. 

Kuznetsova in [41] presented a research on 
multi-state simulation model for the adequacy 
assessment of a comprehensive distributed 
generation (DG) system, which incorporates diverse 
elements, that is solar and wind generators, electrical 
vehicles, transformers and power loads.  

The Monte Carlo simulation (MCS) method 
was used to take into account the uncertain 
behaviours of renewable sources, due to the 
stochastic nature of weather conditions, and the 
random mechanical failures and repairs of generation 
units. The simulation result for a case study of a 
reasonably comprehensive DG system model was 

satisfactory in comparison to those of a previously 
developed multistate analytical model. Supplemental 
electricity generation was required for anticipating 
uncertainty in electricity generation and limiting the 
power grid unreliability and instability.  Adequacy 
assessment was used to evaluate the capacity of the 
DG system of meeting the system demand.   

 

4.1  Methodology Adopted 

 The study presented in this research work 
was inspired by previous works on simulation for 
distributed power systems adequacy assessment by 
[10].  With the aim of building a relatively 
comprehensive model of DG systems, the Monte 
Carlo simulation (MCS) method was used by the 
authors to account for the uncertain behaviours of 
renewable sources due to the stochastic nature of 
weather conditions, as well as for the random 
mechanical failures and repairs of generation units. 
Various backbone elements of the system have been 
incorporated in the model, e.g. solar and wind 
generators, electrical vehicles, transformers and 
power loads. This stage also deals with synthesis of 
the data, concept and the results presented by the 
authors. 

 

4.2  Models of Individual Component  

 In order to focus the investigation on the 
complexity of the overall simulation model of DG 
systems, at the elementary level the preference has 
been given by the authors Kuznetsova et al. (2014) to 
simple and flexible models of individual components 
already developed, tested and validated in different 
researches 

During the study it was discovered that the load 
curves of individual users depended on the user type, 
number and type of electrical appliances and way of 
usage. Also taking into account the difficulty of 
collecting large amount of reliable input information 
and building complicated models, the top-down 
approach, based on chronological and detailed data of 
overall electricity demand, was more suitable for the 
research.  

Simulation of the yearly electrical load profile, 
taking into account short-term and long-term seasonal 
changes, the hourly peak load values were related in 
percentages to the value of maximum annual peak 
load. Despite its simplicity, this way of modeling 
allowed simulating the representative shape of the 
daily, weekly and seasonal energy demand curves. By 
changing the value of annual peak, as the input 
parameter, various sizes of electricity distribution grid 
were simulated. 

 

4.3  Transformer 
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 Kuznetsova [41] used transformers in 
electricity grids to adapt electricity voltage to a 
suitable level from the lower or higher voltage circuits: 
increase voltage for long distance electricity 
transmission with minimum losses or decrease 
voltage for distribution. During the research work, the 
electricity output from the transformer into the 
distribution grid was considered related to the 
generation by conventional units and constant with no 
uncertainties. 

4.4  Solar Generation Unit 

 In this research by [41] the electricity output 
from solar generation depends on the conversion 
efficiency relying on particular weather conditions and 
technical specifications of the conversion mechanism. 
In this view, the model for the solar generation units 
combines two modules: one module simulates the 
intensity of solar irradiation and the other module was 
a generation function for the electricity output of the 
solar units. The main uncertainties lied in the 
representativeness of the solar irradiation received by 
the surface of the solar generator and in the 
mechanism of mechanical failure of the solar 
generator. Different approaches have been proposed 
to model the distribution of solar irradiation: the 
statistic approach used probability density functions 
(PDFs), times series, and artificial neural networks. 

The solar irradiation forecasting precision of 
these approaches varies depending mainly on the 
quality of data in reference to the different dynamics of 
solar irradiation behaviour. In the research work, a 
PDF approach was embraced by way of the beta 
distribution validated by different researches as a 
simple and sufficiently flexible two-parameter 
distribution, which fitted well the empirical data in 
many situations. 

 The average hourly solar irradiation data was 
used to estimate the beta parameters. The electricity 
output from one solar generation unit, taking into 
account solar irradiation, ambient temperature and 
characteristics of the module, can then be evaluated 
using the equations and data given. 

 

4.5  Wind Generation Unit 

 Similar to solar generation, the electricity 
output of wind turbine is affected by meteorological 
and environmental conditions (e.g. wind speed, 
effects of sandblast and icing) and the technical 
specifications of wind turbine design. Among the 
numerous existing approaches to generate wind 
speed profile, including time-series and artificial neural 
networks, the Rayleigh distribution has been most 
commonly used, as this statistical distribution has 
been assessed to provide satisfactory fitness to 
empirical data.  

In the research work by [41] the average 
hourly data of wind speed was used to fit the Rayleigh 
distribution. The electricity output from wind turbines 

was then typically approximated by a linear 
relationship with the rated power of the wind 
generation unit corrected by a coefficient of current 
wind speed. We used wind turbine technical 
parameters already adopted in previous simulations. 

 

4.6  Electrical Vehicles (EVs) 

 In addition to production and consumption 
units, the simulation model here presented by the 
authors in [0] integrated EVs, which can to plug-in into 
the electricity distribution grid. 

On the other hand, batteries of EVs could function as 
storage devices and give the stored electricity back to 
the grid at a later time. In this view, efficient 
management of electrical vehicles could be used to 
smooth electricity consumption peaks. 

In order to simplify the simulation model but still 
coherently reflect the most critical situations (e.g. all 
batteries are charging from the grid), the model 
represents all EVs as a single electrical device 
capable of charging, storing and discharging 
electricity. A three-state model has been used to 
represent the behaviour of the EV aggregation: 
charging, discharging and disconnected. 

The state probability vector of the EV aggregation is 
denoted as  

[Pro- 1(t), Pro0(t), Pro1(t)]  (9)              

with the complete partition property  

Pro-1(t) + Pro0(t) + Pro1(t)=1.  (10) 

 

4.7  Simulation of Mechanical Failures and 
Repairs of Generation Units 

The electricity output of renewable generators 
was also affected by mechanical failures and the 
production unavailability periods associated to the 
subsequent repairs, which were decided by the 
compound quantitative indicator called technical 
unavailability. In the model by Kuznetsova et al. [41] 
the mechanical failures of generation units of the 
same type were assumed to be independent from 
each other: no common causes for failures were 
considered. Moreover, no particular reduction of 
power production due to degradation was considered: 
only two states were possible for the renewable 
generation units and the transformer, i.e. 100% of 
technical availability during normal operation and 0% 
of technical availability during repair following a 
failure. 

The failure and repair times were assumed to follow 
exponential distributions; during simulation, they were 
sampled by the inverse transform technique. The 
Mean Time To Failure (MTTF) and Mean Time To 
Repair (MTTR) of the generation units are given in the 
Table  1. 
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8. Conclusion  

The Nigerian power distribution network could be 
improved by leveraging on the available and modern 
technology of applying distributed generation into the 
distribution network. Adequate planning could be 
carried out using Etap to perform load flow analysis to 
determine the needed capacity that could effectively 
and efficiently augment the distribution network 
inadequacy and for proper penetration level of the 
distributed generation energy resources.  
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