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Abstract

The global energy landscape is rapidly evolving, driven by the pressing need to reduce greenhouse gas emissions
and transition towards sustainable, renewable energy sources. In this context, Ajayi Crowther University (ACU),
like many institutions and utilities worldwide, is faced with the challenge of integrating multiple renewable energy
resources into its power system while maintaining grid reliability and flexibility. This research focuses on the
development of comprehensive power models tailored to the specific needs of ACU's power system to facilitate
the efficient integration of various renewable energy sources. The study begins by identifying the existing
renewable energy resources available at ACU, including solar photovoltaic (PV), wind and mini-hydro systems,
and potential biomass sources. Detailed data collection and monitoring are undertaken to gain insights into the
intermittent nature of these resources and their respective energy generation profiles. To address the challenges
associated with the intermittent nature of renewable energy sources, the proposed Renewable Energy Hybrid
Distribution Generation (REHDG) modelling approach is based on a probabilistic framework, which captures the
inherent uncertainty and stochastic nature of solar irradiance and temperature, wind speed, water flow, and bio-
waste estimation. The power output of solar, wind, hydro, and bio-waste is treated as random variables and
modelled with appropriate probability distribution functions (PDFs). These models enable the assessment of
system performance allowing ACU to better anticipate energy generation fluctuations. Ultimately, this research
aims to provide ACU with a tailored, data-driven approach to optimize its power system's integration of multiple
renewable energy resources. The developed power models and control strategies will serve as valuable tools for
achieving grid reliability, reducing greenhouse gas emissions, and enhancing sustainability in line with ACU's
commitment to a greener energy future.

Keywords: Renewable Energy Sources; Grid Reliability; Power Models; Intermittent Nature; probability
distribution functions (PDFs); Distributed Generations.

1. Introduction

The integration of multiple renewable energy resources into power systems has gained significant
attention in recent years due to the growing need for sustainable and clean energy solutions. The ACU
power system, like many others, is faced with the challenge of incorporating renewable energy
resources while maintaining system flexibility and reliability. Developing power models for the
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integration of multiple renewable energy resources for power system flexibility at ACU is of
paramount importance to explore potential solutions and strategies for renewable energy utilization
and ensure a stable power supply.

Renewable energy resources, such as solar, wind, biomass, and hydroelectric power, offer numerous
advantages including environmental sustainability, fuel diversification, and reduced greenhouse gas
emissions. The goal of the clean energy transition is decarbonization. Carbon dioxide emissions
reached 11.2 gigatonnes (Gt) in 2022 from oil alone, whereas renewable energy generation emits little
to no carbon emissions to power homes, cars and businesses [1]. However, their integration into power
systems presents several challenges that need to be addressed. One critical aspect is the need to ensure
power system flexibility to accommodate the intermittent nature of renewable energy generation [2].
Solar and wind energy generation, for instance, is dependent on weather conditions and can exhibit
significant variability and uncertainty [3]. This intermittency introduces challenges to grid stability and
requires advanced strategies for balancing supply and demand, such as energy storage systems and
backup power sources [4]. Furthermore, the integration of multiple renewable energy resources
necessitates careful consideration of land use and infrastructure requirements. Wind turbines and solar
panels require significant land area, which can have implications for the environment, land use
planning, and ecosystem conservation [5].Upgrading the existing power grid infrastructure to
accommodate the distributed and intermittent nature of renewable energy resources is also crucial
[6].This may involve grid modernization, grid reinforcement, and the implementation of smart grid
technologies to enhance system flexibility and control [7].

The cost aspects of renewable energy integration are another significant factor to consider. While the
costs of renewable energy technologies have been decreasing over time, they still require substantial
investments in infrastructure and equipment [8]. With the push to decarbonize economies, the installed
capacity of renewable energy is expected to show significant growth to 2050. Power grids will need to
expand to meet the increasing demand for electricity and renewable energy: to achieve net-zero
emissions by 2050 [9] The transition to RES, coupled with economic growth, will cause electricity
demand to soar—increasing by 40 percent from 2020 to 2030, and doubling by 2050 [10]. Therefore,
assessing the economic feasibility, cost-effectiveness, and potential financial implications of integrating
multiple renewable energy resources at ACU is an essential component of the investigation.

To address the aforementioned challenges and optimize the integration of multiple renewable energy
resources, various research studies have been conducted in the field. These studies have explored
different methods and strategies for enhancing power system flexibility, such as advanced forecasting
techniques, energy storage systems, demand response programs, and optimal dispatch algorithms [11].
Additionally, they have investigated the environmental impacts, economic viability, and social
acceptance of renewable energy integration [12], [13].

The findings of this review will contribute to the development of a comprehensive framework for
enhancing power system flexibility and optimizing renewable energy utilization at ACU.

1.1 The Concept of Flexibility in Power System

Flexibility in power systems refers to the ability of the system to efficiently and effectively respond to
changes in electricity supply and demand_[8]. It enables the system to accommodate variations in
renewable energy generation, manage fluctuations in electricity consumption, and maintain a reliable
and stable supply of electricity. The concept of flexibility encompasses various aspects, including the
ability to adjust generation and consumption patterns, optimize system operation, integrate diverse
energy resources, and incorporate energy storage technologies.

One key aspect of power system flexibility is the ability to balance electricity supply and demand in
real-time [14]. This involves the capability to ramp up or down generation capacity to match the
fluctuating demand. According to [15], power system flexibility is crucial for maintaining grid stability
and ensuring the reliable delivery of electricity. It allows for efficient utilization of renewable energy
resources, which are inherently intermittent and dependent on weather conditions.
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The integration of multiple renewable energy resources into a power system requires flexibility to
accommodate their inherent variability. As highlighted by [16], the intermittent nature of renewable
resources such as solar and wind necessitates mechanisms that can quickly respond to changes in
generation output. Effective minimization of emission in remote sites with renewable energy potential
may be increased up to 95 percent of load demand. Solar irradiation has direct impact on enhancement
of PV efficiency but temperature has inverse impact on the PV efficiency. The operational analysis of
optimal energy storage mix to maximize the exergy efficiency, environmental and sustainable benefits
for regional and national power grid is an ongoing research goal. This requires grid flexibility to
balance the supply-demand equation and minimize the need for conventional backup power plants.

Furthermore, power system flexibility can be enhanced through advanced control and optimization
techniques. The authors in [17]emphasize the importance of flexible operation strategies, such as
demand response, smart grid technologies, and advanced energy management systems. These
approaches enable the effective integration of renewable energy resources and facilitate the dynamic
adjustment of power generation and consumption patterns.

Energy storage systems play a crucial role in enhancing power system flexibility. Rugolo and the
authors in [18]highlight that energy storage technologies, such as batteries and pumped hydro storage,
can store excess renewable energy during periods of high generation and release it during times of low
generation or high demand. This enables the system to balance supply and demand, smooth out
intermittent generation, and provide ancillary services to support grid stability.

1.2 Integration of Renewable Energy Resources

Zinaman et al. [19] explains why renewable energy integration field has witnessed a significant surge
in research in recent years, with a particular emphasis on various dimensions of this transition within
the power sector. This growth in literature has been notably rapid and continues to gain momentum.
While a substantial portion of this literature delves into technical and engineering aspects, an
increasingly significant portion focuses on the strategic aspects such as planning, market dynamics,
institutional frameworks, regulatory policies, economic considerations, and innovative business
models that are integral to the shift towards greater adoption of renewable energy sources. The
penetration of Renewable Energy Sources (RESs) to national grids is increasing in many countries. For
instance, [20] predicted that, in future, wind power will cover and exceeds a load of Denmark in some
low-demand hours throughout the year. Achieving a high level of renewable energy integration in the
power grid entails several essential prerequisites, notably accurate forecasting and effective load
management. These elements play a pivotal role in the context of smart grids, as they are crucial for
facilitating demand response mechanisms. Incorporating intermittent energy sources like RESs and
Electric Vehicles (EVs) poses significant challenges to the system due to their inherent variability and
unpredictability during operation. While predictable power fluctuations can be managed through
advanced scheduling techniques, the element of uncertainty necessitates the presence of backup
solutions, such as energy storage systems or grid connections. These backup options are essential to
maintain the necessary balance between electricity generation and consumer demand [21].

1.3 Challenges of Large Integration of Renewable Energy Resources

The main challenging issues faced by the grid as a consequence of the increased integration of RES
include operational, forecasting, scheduling, interconnection standards transmission, and distribution
[22]. Optimal locations for wind or solar power generation, based on weather conditions, may often be
situated far from existing transmission lines or consumers. To fully leverage these renewable sources
in ideal circumstances, the establishment of new transmission infrastructure becomes imperative.
However, it's worth noting that the development of transmission infrastructure is a time-consuming
process with lengthy planning and implementation phases, in addition to being a costly endeavor.

Conversely, the distribution side of the energy equation faces several formidable challenges, including
the requirement for enhanced protection, control, automation, Micro-grid (MG) capabilities, and
effective management. To ensure the seamless integration of intermittent energy sources through
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interconnection, a heightened level of standardization becomes essential. An illustrative example of
operational challenges arises in situations of high wind speeds, which can lead to over-generation
conditions or necessitate turbine controllers to curtail generation in order to prevent damage to the
turbine blades. This curtailment, in turn, results in a shortage of electricity generation, which must be
compensated for, in order to maintain frequency regulation [22]. Energy systems vary from country to
country and region to region. Both centralized and decentralized approaches must be used to facilitate
the integration of renewable energy sources. Before implementing any changes to energy supply
systems that involve greater integration of renewables, a detailed assessment of the availability of
renewable energy resources must be made. The sustainability of existing technologies, institutional,
economic, and social constraints, potential risks, and the need for new skills and capabilities must be
assessed [23]. For the successful implementation of renewable energy sources in each infrastructure
(transport, housing and communal services, industry and agriculture), it is necessary to take into
account technological, socio-organizational, and economic conditions [23]. Applying an integrated
approach to the energy system can be a prerequisite for an efficient and flexible process of renewable
integration. The integrated approach involves mutual support in the energy system, intelligent
planning and management, and unified long-term planning. The application of the integrated
approach will allow for more closely interconnected provision of electricity [24]. Renewable energy
technologies are undergoing development and implementation across various sectors, including
transportation, residential, communal, industrial, and agricultural domains. Addressing both technical
and non-technical challenges associated with renewable energy sources has the potential to expand
their utilization across all segments of industrial production. Within each sector, disparities exist
related to the current state of renewable energy adoption, the diverse range of energy system
configurations, the infrastructure in use, opportunities for enhancing renewable energy integration,
unresolved transformation issues, and prevailing trends influencing national and local preferences and
cultures.

It is important to note that intermittent power sources, like renewables, require storage systems to
balance the grid load alongside conventional energy sources and uphold grid reliability. One approach
involves diversifying co-located renewable resources for power generation, while another entails
utilizing geographically dispersed renewable utilities. The aggregation of either of these strategies
contributes to mitigating the intermittency impact on the grid.

To guide the prioritization of renewable energy technologies concerning commissioning, research and
development (R&D), and policy setting, national renewable energy roadmaps are essential. Multi-
Criteria Decision Making (MCDM) Models, as commonly advocated in the literature, serve as valuable
tools for the decision-making process. This research intends to develop power models for the
integration of multiple renewable energy resources for ACU power system flexibility taking into
consideration the available renewable resources within the campus.

2. Materials and Methods

2.1 Developed Algorithm

To effectively plan the integration of renewable energy resources into a REHDG (Renewable Energy
Hybrid Distributed Generation) scheme, the development of renewable resources power models for
the purpose of quantifying the resources of the site is very important [25]. These required two levels of
synergy. Firstly, appropriate models are needed to describe the characteristics of solar, wind, hydro,
and bio-waste potential at a given site. Secondly, models must be developed to estimate the potential
power that can be harnessed from these resources. A typical REHDG for the site will use photovoltaic,
wind, biomass and micro-hydro models that use solar irradiance, wind speed and bio-waste and water
flow data.

There are two main approaches to modeling: deterministic and stochastic. Deterministic models use
chronological time series, but they can be memory- and time-consuming. If a particular year selected
to characterize a site happens to be unusually good or poor, the optimization may not reflect the actual
resource profile accurately. To address this issue, the proposed REHDG modeling approach is based
on a probabilistic framework, which captures the inherent uncertainty and stochastic nature of solar
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irradiance and temperature, wind speed, water flow, and bio-waste estimation. The power output of
solar, wind, hydro, and bio-waste is treated as random variables and modeled with appropriate
probability density functions (PDFs). These models enable the assessment of system performance.

A REHDG system typically consists of multiple solar photovoltaic generators (solar park), wind
generators (wind farm), hydraulic turbines, and bio-waste power generators (biomass power system).
Effective minimization of emission in remote sites with renewable energy potential may be increased
up to 95 percent of load demand. Solar irradiation has direct impact on enhancement of PV efficiency
but temperature has inverse impact on the PV efficiency. The operational analysis of optimal energy
storage mix to maximize the exergy efficiency, environmental and sustainable benefits for regional and
national power grid is an ongoing research goal [26]. The performance of such a system is evaluated
using appropriate probabilistic models. Solar irradiance is typically modeled using a Beta distribution
function, wind speed with a Weibull distribution function, hydropower with a Gamma distribution
function, and bio-waste resource data with a Log-normal distribution function. Actual measured data
is used to model these four distribution functions, and the model parameters are estimated using the
Maximum Likelihood Estimation (MLE) technique. Multiple distribution functions are fitted to the
data clusters to capture seasonal, monthly, daily, and hourly variations in solar irradiance, wind speed,
bio-waste, and average annual rainfall. This study uses actual field-measured data in computing solar
(ay, Br) and wind (cy, ki), rainfall (9, vi), and bio-waste (s, ot) probability density functions (PDFs) using
Maximum Likelihood Estimation (MLE) technique.

The likelihood equations to obtain likelihood values of the parameters as, B, ci, ke, @, v1, p1, and ot are
given as:

F= [FI (afr, ﬁr), F> ((Xf, ﬁr), F; (Cf , kr), F4(Ct , kr), Fs (Q-r, Vt), Fs (Q‘t, Vt), F7 ([Jf, Gf), Fs ([.lt, Ot)]T

The procedure for obtaining the Beta, Weibull, Gamma and Log-normal distribution function
parameters is described with the following steps:

1. Load the historical data of Si, Vi, Ri and Bifori=1...n.
2. Initialise with appropriate values of a®, i@, /@, ki®, 14O, G, 140, and g0,

3. Puta®, B0, ¢, ke, GO, v, u® and ow® in F = [F1 (ar, B1), F2 (ar, Bt), Fs(ct, ki), Fa(ct, ke), Fs
(1), Fs (1), F7 (w1, ov), Fs (uy, 01)]" to obtain F1, F2, F3, F4, F5, F6, F7 and F8 and then,
obtain % (Jacobian Matrix).

4. Tosolve for Aar, ABy, Aci, Ak, A G, Avi, Aurand Aoy, use the equation

F+2X®Ax -0
X

Let X =[at, By, ¢y, ki, Qo vy, e, ot]T.

5. From 4, check for tolerance error as follows:
mﬂxm%ﬂ,zﬂw B, F %)=3,4)(Cf , ko), F z(uyzz)u:aa) (v HF %1)=7,8)(W co) | <e
or max | Aaim, ABim, Actm, Akim, Avim, A @m, Apdm and Ao | < ea.
Where €1 and &2 are the maximum allowable error.

6. If step 5 is not satisfied, then
aim D) = qm + Aqum

(m+1) = ,(m) + (m)
Bilm+1) = By + ABy
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ciml) = cim) + Acim)

kim+) = fm) + Ay

V(m+1) = q(m) 4 Nqp(m)

Qy (m+1) = Qy(m) + A\ Qy(m)

‘ut(mﬂ) = [,lt(’”) + Ayt("’)

oiml) = gym + Agm
Then go to step 3.

The obtained parameter values that are relevant to power generation embody in them the information
concerning the location, terrain, solar, wind, rainfall, and bio-waste profiles of the site under study.
The values also define the stochastic models.

ACU aims to evaluate the potential for generating renewable energy at its campus. To achieve this, the
development of power models specific to renewable resources is essential as shown in Figure 1. These
models will enable the university to assess the amount of power that can be generated from renewable
resources such as solar, wind, hydro, and bio-waste. The power output characteristics of each
renewable energy source are influenced by various factors. For solar power, the solar irradiance and
temperature of the site, as well as the characteristics of the photovoltaic (PV) modules, play a significant
role. The main influencing parameter for solar power is solar irradiance.

To estimate the power output of PV modules, a power performance curve is used. This curve represents
the relationship between the power output and various factors such as solar irradiance, temperature,
and module characteristics. By analyzing this curve, the power output of PV modules during different
states or hours can be determined. The power output of PV modules can also be calculated using
equations that consider temperature coefficients, ambient temperature, short circuit current, open
circuit voltage, and fill factor. These calculations provide a more accurate estimation of the power
output based on specific environmental conditions.

In addition to PV systems, other renewable energy resources like wind, hydro, and bio-waste
generators should be included in the power models. Each of these resources has its own power output
characteristics, which depend on factors such as wind speed, water flow, and moisture content of bio-
waste. The development of these renewable resource power models allows for a comprehensive
assessment of the potential power generation at ACU. By considering the specific conditions and
characteristics of each renewable energy source, the models can estimate the amount of power that can
be generated from these resources.

These models also enable the evaluation of the capacity utilization factor (CUF) for each renewable
energy component. The CUF represents the efficiency and energy output capability of the power units.
By comparing the average power output to the rated power, the CUF provides insights into the
effectiveness of each renewable energy source. The selection of optimal renewable energy components
is based on the highest CUF criteria. This means that the components with the highest efficiency and
energy output are chosen for implementation. By selecting the most suitable components, ACU can
maximize the potential power generation from renewable resources.

Furthermore, the power models assist in integrating and balancing the power generation from
intermittent resources like solar and wind with the continuous generation from resources like hydro
and bio-waste. This integration ensures a consistent power supply that matches the university's load
demand.
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Figure 1: Renewable Energy Resource Power Assessment Model (RERPAM) Steps for a Renewable
Energy Hybrid Distribution Generation System (REHDGS)

3. Results and Discussion

For this study, ACU Campus was selected. The data has been analyzed and divided into four seasons
which are represented by any day within that season. The day representing each season is further
subdivided into 24 1-hour time segments, each referring to a particular hourly interval for the entire
season. Hence, there are (24 x 4 = 96) time segments. The available wind speed and solar irradiation
data are then utilized to generate typical frequency distributions for each hour in each season. From
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these data, the maximum likelihood estimated parameters for the Weibull, the Beta, the Gamma and
the Log-normal distribution for each of the 24 1-hour segments for 1 day for each of the 4 seasons were
computed; thus forming a (24x8) matrix which contains the vectors a, By,ct, ky, v, @, pt, and oy, where
t= (i, j) denotes seasoni(i=1...4) and hourj(j=1...24. The seasonal hourly load profile provided
hourly peak load as a percentage of the daily peak load. The power output from wind or solar thermal
generator unit is determined by the wind speed and solar data at the candidate location respectively.

3.1 Combined Correlation of Wind-Solar-Micro hydro-Domestic Bio-waste Resource with Electricity Load
Demand

A per-unit system was used to present the combined availability of the four resources and it was
assumed that the wind generation system and the solar generation system have same rated maximum
power output. Figure 2 to Figure 5 give values for each season for the correlation coefficient between
solar, wind, micro hydro, domestic bio-waste and a combined resource with the electricity load
demand and also between wind and solar power profile. For all sites, the wind and load appear
somewhat complementary to each other, the solar and load are positively related (this is expected
because when solar reaches its peak, the load demand is also high). The combined output has positive
correlation throughout.

Using the MLE method of model parameter estimation, the seasonal hourly parameters of wind speed
(¢, k), solar irradiance (&, ), micro-hydro (v,2) and domestic waste biomass (u,0t) were determined.
The maximum likelihood estimated parameters for the Weibull (wind), the Beta (solar), the Gamma
(Micro hydro) and the Log-normal distribution (domestic waste biomass) were determined for each of
the 24 1-hour segments for 1 day for each of the 4 seasons; thus we get a (24 x 8) matrix which contains
the vectors a, Bycy, ki, vi, @, by, and ow. where t = (i, j) denotes seasoni (i=1...4)and hourj(j=1...

24) for the site.
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Figure 2. MLE parameters for the Renewable Energy Resources for season 1
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Figure 3: MLE parameters for the Renewable Energy Resources for season 2
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Figure 5: MLE parameters for the Renewable Energy Resources for season 4

The hourly load profile, hourly wind speed patterns; the hourly irradiance, hourly water flow rate
and hourly domestic waste conditions are shown in Figure 6(a-d). These time-series data will be used
to calculate the available wind power, solar power, micro-hydro power, biomass power and the
insufficient or surplus power at each time instant.
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Figure 6a: Hourly renewable power estimate for season 1 (at rated PV=2.4MW, Wind=2.5MW,
MH=100KW, DWB=1MW)
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Figure 6b: Hourly renewable power estimate for season 2 (at rated PV=2.4MW, Wind=2.5MW,
MH=100KW, DWB=1MW)
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Figure 6c: Hourly renewable power estimate for season 3 (at rated PV=2.4MW, Wind=2.5MW,
MH=100KW, DWB=1MW)
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Figure 6d: Hourly renewable power estimate for season 3 (at rated PV=2.4MW, Wind=2.5MW,
MH=100KW, DWB=1MW)

The flexibility of power system in ACU campus will benefit tremendously as the amount of power
estimated as shown in Figure 6a to Figure 6d will enhance power system in the University with the
rated power generated from solar photovoltaic of capacity 2.4MW, Wind energy of capacity 2.5MW,
Micro-hydro of capacity 100KW and domestic waste biomass of capacity IMW.

4. Conclusions

The development of power models for the integration of multiple renewable energy resources in
ACU's power system aims to enhance power flexibility and the utilization of renewable energy
resources, including solar energy, wind energy, micro hydro, and domestic bio-waste in hybrid
distribution generation systems. To achieve this, the power models will incorporate various
enhancements such as advanced wind and solar forecasting tools to accurately predict the output and
ramping requirements of renewable sources. These tools will enable better planning and grid
management, ensuring a stable power supply despite the intermittent nature of renewable energy.
Sophisticated grid monitoring systems will be implemented to monitor the performance and behavior
of the integrated renewable energy resources in real-time. This will facilitate effective control of the
power system, minimizing over-generation and curtailment of excess renewable energy.

References

1. Gomstyn, A. (2024). The advantages and disadvantages of renewable energy. 18 March 2024. [Online]. Available:
https://www.ibm.com/blog/renewable-energy-advantages-disadvantages/. [Accessed 23 May 2024].

2. Erika, P., Dana, H., Sebastian, T. and Christoph, H. (2021). Enhancing Energy Flexibility through the Integration of Variable
Renewable Energy in the Process Industry. Procedia CIRP 98: 7-12.

3. Zhou,].,, Cao, W., Xu, Q., Zhen, J. and Huang, X. (2022). Short-Term Forecasting and Uncertainty Analysis of Photovoltaic
Power Based on the FCM-WOA-BILSTM Model. Frontiers Energy Research 10:1-16.

4. Ajeigbe,0.A., Munda J.L. and Hamam Y. (2019). Optimal allocation of renewable energy hybrid distributed generations
for small-signal stability enhancement. Energies, 12: 1-31.

5. Wang, X,, Chang, M., Liu, H., Guo, X. (2018). A review of ecological impact assessment for renewable energy projects.
Journal of Renewable and Sustainable Energy Reviews 81: 2432-2439.

6. Am]Jady, Keynia, F. (2020). Multi-objective optimal placement of renewable DGs and EV charging stations considering
uncertainty. Applied Energy 43: 259.

7. Ramachandaramurthy, V., Gopakumar, R. and Mohan, N.R. (2020). A review on grid integration and control of renewable
energy sources. Journal of Modern Power Systems and Clean Energy 8(1): 1-13.

8. Renewable Power Generation Costs in 2020. (2021). International Renewable Energy Agency. Available:
https://www.irena.org/publications/2021/Apr/Renewable-Power-Costs-in-2020. [Accessed 10th March 2023].

9. McKinsey. (2024). How grid operators can integrate the coming wave of renewable energy. 8 February 2024. [Online].
Available: https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/how-grid-operators-can-
integrate-the-coming-wave-of-renewable-energy. [Accessed 23 May 2024].


https://doi.org/10.56534/acjpas.v3i3.120
https://acjpas.acu.edu.ng/

Ajeigbe et al. | Ajayi Crowther ]. Pure Appl. Sci. 2024, 3(3), pp. 1-13. | https://doi.org/10.56534/acjpas.v3i3.120

13

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

McKinsey, (2023). Global energy persective. November 2023. [Online]. Available:
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2023. [Accessed 15 January
2024].

Siano, P., Khatib, T. and Zein, S. (2021). Optimal sizing and control of renewable hybrid energy systems. A review. Applied
Energy 7: 280.

Kazem, H. A, Al-Durra, A. and Saif, M. (2020). Impact of renewable energy integration on power systems," A
comprehensive review. Sustainable Energy Technologies and Assessments 20: 42-47.

Fotouhi, H., Zareipour, H. and Jadid, S. (2021). A review on integration of energy storage systems for power system
flexibility enhancement. Electric Power Systems Research, 2: 190, 106743.

Babatunde, O.M., Munda, J.L. and Hamam, Y. (2020). Power System Flexibility: A Review. Energy Reports 6(6): 101-106.
Bera, A, Pal, A,, Choudhary, R. (2021). A Comprehensive Review of Power System Flexibility Enhancement. IEEE Access
3:901-914.

Katiraei, F., Iravani, R. (2018). Power system flexibility for enhanced grid integration of renewable energy sources.
Proceedings of the IEEE, 2018.

Li, T, Yang, J., Chen, J,, Li, S. (2019). Power System Flexibility for Renewable energy Integration: A Review. Renewable and
Sustainable Energy Reviews, 18: 261-278.

Rugolo, R., Almansoori, A. (2020). Power system flexibility in the context of high renewable energy penetration: A review.
Energies, 13(2): 301.

Zinaman, O., Miller, M., Adil, A., Arent, D. and Coch, J. (2014). Renewable Energy Integration: Practical Management of
Variability, Uncertainty, and Flexibility in Power Grids. Elsevier, 13(6): 106 - 107.

Ding, Y., Nyeng, P., Ostergaard, J., Trong, M.D., Pineda, S., Kok, K., Huitema, G.B. and Grande, O.S. (2012). Ecogrid EU -
a large scale smart grids demonstration of real time market-based integration of numerous small DER and DR. IEEE PES
Innovative Smart Grid Technologies Europe (ISGT Europe) 3: 1-7.

Hart, E., Stoutenburg, E.D. and Jacobson, M.Z. (2012). The Potential of Intermittent Renewables to Meet Electric Power
Demand: Current Methods and Emerging Analytical Techniques (Proceedings) IEEE 100(2): 322-334.

Ipakchi, A. and Albuyeh, F. (2009). Grid of the Future. IEEE Power and Energy Magazine, 7(2): 52-62.

Krasovskaya, O., Vyaznikov, V. and Mamaeva, A. (2022). Application of BIM Technologies as IT Projects for Digital
Transformation in Industry. In Lecture Notes in Networks and Systems 2: 104-116.

Vikas, K. and Miraj, A.B. (2022). Tidal Energy-path towards sustainable energy: A technical review. Cleaner Energy Systems,
3(100041).

Ajeigbe, O.A., Munda, J.L. and Hamam, Y. (2020). Towards maximising the integration of renewable energy hybrid
distributed generations for small signal stability enhancement: A review. International Journal of Energy Research 44(4): 2379-
2425

Panda, A., Alpesh, K., Howayne, C., Ramond, R. and Kathleen, B. (2023). Recent advances in the integration of renewable
energy sources and storage facilities with hybrid power systems," Cleaner Engineering and Technology 12: 1-17.

Funding
Not applicable.

Institutional Review Board Statement
Not applicable.

Informed Consent Statement
Not applicable.

Acknowledgements
The authors would like to acknowledge Ajayi Crowther University, Oyo for providing necessary research infrastructure
to conduct this research.

Conflict of Interest
The author declared no conflict of interest in the manuscript.

Authors’ Declaration
The author(s) hereby declare that the work presented in this article is original and that any liability for claims relating to
the content of this article will be borne by them.

Author Contributions

Concept — O.A.A., Design — O.A.A., Supervision - O.A.A, Resources —O.A.A,, ISE, ].G.A, ALA, O.O, Materials -1.S.E.,
J.G.A, ALA, O.O, ]B.O, O.5.0., Data collection and/or processing - L.S.E., ].G.A, AL. A, 0.0, J.B.O., O.S.0., Analysis
and/or interpretation - O.A.A,, LS.E., ].G.A, AL.A,, Literature search— O.A.A., LS.E., Writing—- O.A.A., LS.E., ].G.A, Critical
reviews — O.A.A.

Cite article as:
Ajeigbe O.A., Edun, LS., Adenle ].G., Ajala A.L., Olabisi O., Oyinloye ]J.B. and Omotoso O.S. Development of Power
Models for the Integration of Multiple Renewable Energy Resources for Ajayi Crowther University’s Power System
Flexibility. Ajayi Crowther ]. Pure Appl. Sci. 2024, 3(3), pp. 1-13. | doi: https://doi.org/10.56534/acjpas.v3i3.120



https://doi.org/10.56534/acjpas.v3i3.120
https://acjpas.acu.edu.ng/
https://doi.org/10.56534/acjpas.v3i3.120

