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ABSTRACT

This paper outlines a pioneering approach for the instability of renewable energy sources and a cutting-edge midterm
dynamic simulation instrument created to investigate the consequences of renewable energy variability on the reliability of
power systems. The proposed framework synthesizes a collection of machine learning algorithms intended to advance the
accuracy of forecasts concerning intermittent energy sources, encompassing solar and wind, whilst also assimilating strategies
for real-time dynamic reserve management. By executing simulations of dynamic responses across varied Renewable Portfolio
Standard (RPS) rates and operational reserve parameters, the tool furnishes an exhaustive analysis of system reactions under
diverse energy scenarios. Furthermore, the ramifications of system import limitations are considered, thus facilitating a thorough
comprehension of grid performance. The study indicates that the disregard for intermittency and governor dynamics results in
suboptimal stability assessments, thereby emphasizing the need for midterm dynamic impact evaluations. In contexts marked
by a 25% RPS in conjunction with existing reserve levels, the emergence of instability is particularly pronounced during the
afternoon peak, aligning with a reduction in solar output. The manuscript advocates for innovative solutions, such as adaptive
reserve distribution and refined control mechanisms, aimed at alleviating instability without necessitating unfeasibly elevated
operational reserves. This research contributes to the discourse on renewable intermittency by addressing deficiencies within
prevailing methodologies, proffering novel insights for the formulation of effective, scalable solutions that ensure grid reliability
as more ambitious RPS targets are pursued. The outcomes of this study provoke further inquiry into dynamic intermittency,
thereby paving the way for the development of more resilient and adaptable power systems capable of integrating renewable
energy with enhanced efficiency.

Keywords: Renewable Energy Intermittency, Power System Reliability, Dynamic Simulation Tools, Renewable Portfolio Standards
(RPS), Machine Learning for Energy Forecasting, Solar and Wind Variability.

1. Introduction sources introduces considerable obstacles to the stability of power
systems. The fluctuations in energy generation are attributed
to variations in meteorological conditions, diurnal cycles and
seasonal influences complicate the assurance of a reliable power
supply, particularly as the proportion of renewables within
the energy portfolio expands. Thus, it is important to face the

Due to the growing appetite for energy globally, the
transition to renewable energy forms, including solar and wind,
is increasingly viewed as vital for cutting down fossil fuel
dependence and minimizing environmental effects. Nevertheless,
the intrinsic intermittency associated with renewable energy
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difficulties introduced by inconsistent renewable energy to
reach a sustainable and stable energy future. The integration
of renewable energy sources, particularly wind and solar, into
power systems presents significant challenges for regulating
reserve requirements. The variability and unpredictability
of these energy sources necessitate new methodologies and
strategies to ensure system reliability and security. Midterm
dynamic simulation plays a crucial role in addressing
these challenges by providing a framework to evaluate and
optimize reserve requirements in systems with high renewable
penetration. This approach considers various factors such as
forecast errors, generator outages and the inherent variability of
renewable sources. The following sections explore key aspects
of regulating reserve with large penetration of renewable energy
using midterm dynamic simulation.

A. Reserve Requirements and Methodologies

* Forecast Errors and Reserve Levels: The uncertainty in
wind power generation due to forecast errors necessitates
a reevaluation of reserve levels. A methodology that
considers generator outage rates, system load forecast errors
and wind power forecast errors can directly relate system
reserve levels to system security. This approach helps in
determining the necessary reserve to accommodate the
variability introduced by wind power (Doherty & O’Malley,
2003).

* Distributed Multi-Agent Systems: The DEZENT project
introduces a novel solution for distributed negotiation
processes compatible with electric distribution procedures.
This approach leverages the distributed nature of renewable
sources to serve as reserve capacity, thus reducing integration
costs and ensuring stable supply despite the unpredictable
nature of wind and solar power (Wedde et al., 2007).

B. Simulation and Modeling Approaches

*  Stochastic Programming Models: A stochastic mixed-
integer linear programming model can be used to optimize
the procurement of interruptible load and spinning reserve
in systems with high wind power penetration. This model
accounts for network constraints and the cost of expected
load not served, providing a comprehensive framework for
reserve management (Zakariazadeh et al., 2010).

*  Chronological Monte Carlo Simulation: This methodology
evaluates operating reserve requirements by simulating
the chronological behavior of power systems with
high renewable penetration. It considers the fluctuation
characteristics of wind power and the need for flexibility in
conventional generators to provide system support services
(Silva et al., 2011).

C. Impact on Power Systems

* Diversified Renewable Energy Mix: A diversified mix of
renewable energy sources, including wind, solar and ocean
wave power, can reduce utility reserve requirements. This
approach mitigates the effects of variability and enhances
the stability of the power system (Halamay et al., 2010).

* Market Simulation Methods: Market simulation
methods can evaluate the impact of a significant share of
renewable energies on power generation systems. These
methods consider technical constraints and transnational
interdependencies, providing insights into the structural and
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economic impacts of renewable integration (Mirbach et al.,
2010).

While the integration of renewable energy sources poses
challenges for reserve regulation, it also offers opportunities
for innovation in power system management. The development
of new methodologies and simulation models enables more
efficient and reliable integration of renewables. However, the
unpredictable nature of renewable sources remains a significant
challenge, necessitating ongoing research and adaptation of
power systems to accommodate these changes. This research
article introduces an innovative framework for addressing the
intermittency of renewable energy and features a state-of-the-art
simulation tool for power systems, while exploring the dynamic
behavior along the load curve across different configurations of
system operation reserves and Renewable Portfolio Standards
(RPS) rates. The classification of system stability is conducted
through midterm dynamic simulations. It is determined that
neglecting the effects of intermittency and governor dynamics
constitutes an insufficient approach for evaluating the impact of
intermittency. Consequently, itis imperative to conducta thorough
examination of the midterm dynamic effects of intermittency.
Within the analyzed system, instability is anticipated to
occur at approximately 25% RPS under the existing reserves.
Furthermore, it has been identified that the most susceptible
peak hour to instability coincides with the afternoon peak, a
period during which solar power generation begins to diminish.
This article aims to encourage additional dynamic studies on
the challenges posed by renewable intermittency, which have
remained unaddressed due to inadequate or incomplete research
methodologies. Drawing upon the findings of this study, effective
mitigative strategies can be devised to ensure the reliability of
the power grid when integrating higher RPS, particularly in
scenarios where substantial regulating reserves are not feasible.
Fig.1 shows the wind and solar generation for 1 day (Figure 1).
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Figure 1: Wind and solar generation for 1 day.
2. Literature

'The paper does not specifically address regulating reserve
with large penetration of renewable energy using midterm
dynamic simulation. Instead, it focuses on quantifying reserve
demands due to increasing wind power penetration, analyzing
generator outage rates, load forecast errors and wind power
forecast errors to determine necessary reserve levels for system
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reliability. The methodology proposed assesses the impact of
various factors, such as wind farm size and forecast periods, on
reserve requirements, but does not cover midterm dynamic
simulation techniques®>. The paper discusses a decentralized
management approach for regulating reserve capacity with high
renewable energy penetration. It emphasizes a bottom-up
principle where distributed renewable sources act as backup
reserves, enhancing fault tolerance and reducing reliance on
traditional power sources. The negotiation process among
producer and consumer agents is automated, allowing for
efficient balancing of supply and demand. This method addresses
the unpredictability of renewable energy output while ensuring
stability in power distribution without causing global blackouts’.
The paper does not specifically address regulating reserve with
large penetration of renewable energy using midterm dynamic
simulation. Instead, it focuses on a stochastic mixed-integer
linear programming model for simultaneous scheduling of
energy and spinning reserve, considering Interruptible Load (IL)
participation in a power system with high wind power
penetration. The model accounts for uncertainties such as
outages and wind power forecast errors but does not delve into
midterm dynamic simulation techniques®. The paper discusses
the impact of a significant share of renewable energies on the
European power generation system, emphasizing the need for
regulating reserve due to the volatile nature of renewable energy
sources like wind and solar. It utilizes market simulation methods
to optimize unit commitment and assess control reserve
requirements, highlighting that the fluctuating power inputs
necessitate a robust control reserve strategy, which can be
enhanced through transnational control reserve allocation to
manage discrepancies between generation and demand
effectively®. The paper discusses how high penetration levels of
renewable energy sources, such as wind, solar and ocean wave
power, can impact utility reserve requirements due to their
variability. It emphasizes that a diversified mix of these
renewable sources can mitigate the effects of this variability,
thereby reducing the utility’s reserve requirements. While the
paper does not specifically address midterm dynamic simulation,
it highlights the importance of understanding the interaction
between load variability and renewable generation in reserve
regulation®. The paper discusses how high penetration levels of
variable renewable energy sources, such as wind, solar and
ocean wave power, can significantly impact utility reserve
requirements. It emphasizes that a diversified mix of these
renewable sources can mitigate variability effects and reduce the
necessary reserves. While the paper does not specifically address
midterm dynamic simulation for regulating reserves, it highlights
the importance of understanding the interaction between load
variability and renewable generation to optimize reserve
management’. The paper discusses a methodology based on
chronological Monte Carlo simulation to evaluate operating
reserve requirements in systems with high renewable energy
penetration, particularly wind power. It emphasizes the need for
flexibility in conventional generators to manage the volatility of
renewable sources. The approach considers unscheduled and
scheduled outages, load forecasting uncertainties and the
unavailability of energy sources, ensuring that generating
configurations can meet forecasted load demands effectively in
midterm dynamic simulations®. The paper discusses the need for
new ancillary service products, such as a flexible ramping
product, to manage the variability introduced by high penetration
of wind and solar energy. Midterm dynamic simulation can be
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utilized to assess the effectiveness of these reserve methodologies
in regulating power systems. This approach helps ensure that
sufficient capacity is available to handle unexpected fluctuations
in renewable generation, thereby minimizing production costs
and enhancing system reliability’. The paper focuses on the
development of an optimal power generation mix model that
analyzes the impact of intermittent solar and wind power on
electric power systems. While it does not specifically address
regulating reserve with large penetration of renewable energy, it
simulates the massive deployment of PV and wind power in the
Japanese electricity market, considering the future nuclear
energy scenario post-Fukushima. This simulation could provide
insights into managing reserves in a renewable-dominant grid'’.
The paper does not specifically address regulating reserve with
large penetration of renewable energy using midterm dynamic
simulation. Instead, it proposes a methodology for determining
the required levels of spinning and non-spinning reserves in
power systems with high wind penetration through a stochastic
programming market-clearing model. This model spans a daily
time horizon and considers network constraints, load shedding
costs and wind spillage, illustrated with an example and a
realistic case study''. The paper discusses a methodology based
on chronological Monte Carlo simulation to evaluate operating
reserve requirements in systems with high renewable energy
penetration, particularly wind power. It emphasizes the need for
flexibility in conventional generators to manage the volatility of
renewable sources. The approach considers unscheduled and
scheduled outages, load forecasting uncertainties and the
unavailability of energy sources, ensuring that generating
configurations can meet forecasted load demands effectively in
midterm dynamic simulations'?. The paper does not specifically
address regulating reserve with large penetration of renewable
energy using midterm dynamic simulation. However, it discusses
the dynamics of the Dutch electricity system under various
scenarios, emphasizing the need for regulatory intervention to
facilitate a transition away from carbon-intensive energy sources.
The simulation model developed captures the interplay between
supply and demand, highlighting the complexities and challenges
in managing a system with increasing renewable energy
integration'’. The paper proposes a deep peak-regulation reserve
trading strategy for power systems with high renewable energy
shares, addressing the challenges of renewable energy
accommodation. It establishes a peak-regulation reserve model
considering uncertainty and the characteristics of virtual energy
storage (VES). The strategy incorporates thermal power’s deep
peak-regulation  technology, ensuring effective market
participation of VES and thermal units, ultimately aiming to
minimize peak-regulation reserve costs while enhancing system
capacity. Midterm dynamic simulation is not specifically
discussed in the paper'®. The paper does not specifically address
regulating reserve with large penetration of renewable energy
using midterm dynamic simulation. It focuses on modeling
bidding strategies of renewable energy generation (REG)
participants, establishing a market clearing model to maximize
social welfare and simulating the electricity market’s
development with high REG participation. The impact on
marginal electricity prices and welfare distribution is analyzed,
but midterm dynamic simulation for regulating reserves is not
covered”. The REFLEX model addresses the challenge of
regulating reserve with significant renewable energy integration
by assessing power balance flexibility. It employs an iterative
process to evaluate reserve coordination adequacy through



Bitragunta SLV, et al,,

dynamic simulations, which can be computationally intensive.
The proposed algebraic model in the paper aims to represent
intra-dispatch reserve adequacy without the need for repeated
simulations, thus streamlining the evaluation process for
midterm planning scenarios involving renewable energy
sources'®. The paper does not specifically address regulating
reserve with large penetration of renewable energy using
midterm dynamic simulation. Instead, it focuses on a robust
economic dispatching model for high renewable energy
penetrated systems, emphasizing the role of concentrating solar
power (CSP) in providing reserve capacity. The study highlights
the importance of CSP in enhancing system economy and
reliability while considering various operational constraints, but
it does not delve into midterm dynamic simulation techniques'’.
The study examines the challenges of regulating reserves in
power systems with high renewable energy source (RES)
penetration, particularly in non-interconnected islands like
Madeira. It highlights the reduction of inertia and primary
reserves due to conventional generation shrinkage. Midterm
dynamic simulations, including electromagnetic transient (EMT)
analysis, are utilized to assess the impact of integrating utility-
scale battery energy storage systems (BESS) to mitigate active
power imbalances and enhance system stability during
disturbances, ensuring self-resilience in the power system.

3. Methodology
3.1. Analyzing the Changes in Eco-Friendly Energy Sources

The fluctuations associated with wind and solar energy
production are scrutinized across various temporal dimensions
to evaluate the challenges that arise for system operations.

The changes in wind and solar energy production can be seen
in Figure 1, shown for every minute throughout the whole day.
The operational consequence is that, in the absence of smoothing
variability at the source, alternative system resources must
engage in dynamic responsiveness within intervals of seconds,
minutes or hours to offset this variability. Hourly variations:
Wind generation experiences a decline from its peak capacity
of 2,061 megawatts (MW) to cessation within a span of 30
minutes as the load escalates prior to 15:00 hours. Conversely,
wind generation exhibits a ramp-up from zero to its maximum
output within 30 minutes following a decrease in load after
15:00 hours. At 6:00 a.m., solar energy generation begins, hits
its maximum at noon and drops to zero by 19:00 hours. For the
sake of simplicity, the intermittency of solar generation is not
explicitly modeled, as the study presumes the occurrence of 300
sunny days annually in Southern California, which serves as the
research context.

3.2. Analysis of Dynamic System Behavior

This investigation explores the system’s capacity to
equilibrate load and generation amidst the challenges posed by
renewable energy intermittency:

3.2.1. Inertial response: Initial discrepancies between load and
generation result in either the release or absorption of kinetic
energy from synchronous generators. This response is an intrinsic
physical characteristic of the system and transpires immediately
following an imbalance. Primary frequency control: In instances
where frequency deviations surpass a predetermined threshold,
turbine-governor controls modify the input power of the prime
mover to stabilize the frequency at a new equilibrium state.
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Secondary frequency control: Remaining steady-state frequency
errors are rectified by adjusting governor setpoints, thereby
reinstating frequency to its nominal level.

3.3. Advancement of a Novel Midterm Simulation Tool

Given that conventional tools such as Positive Sequence
Load Flow (PSLF) and Power System Simulation Engineering
(PSS/E) are confined to transient time frames ranging from 10
to 20 seconds, a groundbreaking midterm dynamic simulation
program is conceived to analyze shifts in load and generation
over extended durations.

3.4. Analysis of Reserve and Response
The study tackles two pivotal inquiries:

Is the operational reserve adequate when there is an increase
in load and wind generation concurrently diminishes to zero
within a 30-minute timeframe? Is the system’s responsiveness
sufficiently rapid when load decreases and wind generation
surges to its maximum within 30 minutes?

Scenarios in which wind generation escalates alongside
increasing load or diminishes in correlation with decreasing load
are excluded from consideration, as these conditions inherently
promote system stability.

3.5. Analysis Based on Scenarios

The scenarios are constructed in accordance with California’s
2020 renewable portfolio standard (RPS) objective of 33%.

(Table 1) provided illustrates the variable attributes of load
demand and power generation derived from a range of energy
sources-specifically wind, solar and conventional generators
over distinct temporal intervals. This dataset encapsulates
the inherent variability and intermittency associated with
renewable energy sources and their interplay with traditional
power generation systems. The analyses derived from this
table are critical for the development of an inclusive simulation
model and for tackling the operational challenges linked with
the assimilation of renewable energy into the electrical grid.
Load Demand (P in MW and Q in MVAR) The table illustrates
the variations in load demand throughout the diurnal cycle.
Active power demand (P in MW) represents the actual energy
utilized, whereas reactive power demand (Q in MVAR) denotes
the energy necessary for voltage regulation. The peak load
is recorded at 3:00 PM, coinciding with conventional daily
demand trends. Wind energy production maintains a steady
state at its maximum generation capacity (2,061 MW) while
concurrently providing a reactive power output of (206.1
MVAR). This stability highlights the critical importance of
wind energy in the power grid, underscoring the need for
supplementary resources to flexibly respond to changes in load
demand. Solar Generation (P and Q) Solar power demonstrates
pronounced variability, commencing from dawn, reaching its
zenith at noon and diminishing towards the evening hours. The
reactive power (Q) produced exhibits a commensurate trend.
This pattern accentuates solar energy’s temporal dependency,
rendering it an essential variable in evaluating intermittency
and ramping requirements. Conventional Generation (P and
Q) Conventional generators serve to mitigate the fluctuations
inherent in renewable energy production. As renewable energy
outputs decline, conventional generation escalates to uphold grid
stability. The data underscores the flexibility of these generators
in responding to system demands, ensuring that equilibrium
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between generation and load is sustained. The data highlights
the imperative for a temporally adaptive simulation model that
can effectively manage the variations in energy production and
consumption on both minute and hourly intervals. Reserve
Analysis: The ramping capacity of conventional generators is
vital for evaluating whether operational reserves can effectively
accommodate the imbalances between load and renewable
energy. The distinct differentiation among the variability of
renewable energy sources establishes a fundamental framework
for the analysis of system dynamics under elevated Renewable
Portfolio Standard (RPS) scenarios and informs methodologies
designed to alleviate instability.

Table 1: Wind, solar and conventional generations and loads for
different time intervals.
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to delineate the critical thresholds indicative of instability.
Dynamic Response under RPS Scenarios The simulations
indicated that at a 25% RPS with prevailing reserve levels,
system instability manifested predominantly during the peak
afternoon hours. This instability correlated with a reduction in
solar energy generation, thereby intensifying the challenges
associated with sustaining grid stability. At elevated RPS levels,
such as 40%, the system demonstrated increased susceptibility,
thereby necessitating substantially greater reserves to maintain
reliability. Role of Reserve Allocation and Adaptive Strategies
The investigation illustrated that traditional static reserve
management methodologies are inadequate for mitigating the
impacts of renewable energy intermittency. Adaptive reserve
allocation methodologies, particularly those that dynamically
modify reserve distribution in response to real-time variability,
effectively alleviated instability without imposing excessive

4. Results and Discussion
4.1. System Stability and Reserve Requirements

The midterm dynamic simulation findings illuminate the
complex interrelationship between the variability of renewable
energy sources, the adequacy of reserves and the overall
stability of the electrical grid. A comprehensive performance
assessment was executed across diverse Renewable Portfolio
Standard (RPS) levels and configurations of operational reserves

Wind Wi Solar %l Convrtional X ;
. LoadP | LoadQ | Gen In Gen L — L reserve.requlrements. Impact 'of Fore'ca'lstmg apq Import
Time ) | Ry | P GenQ p GenQ GenP MW GenQ Constraints Improved forecasting precision, facilitated by
(MVAR) (MVAR) (MVAR) machine learning algorithms, played a crucial role in diminishing
(MW) (MW) . . e .
ST imbalances induced by variability. Nevertheless, scenarios
| 21,85025 | 109036 | 2075 | 2085|3880| 38| 889054 51156 constrained by stringent import restrictions underscored the
L0 essential nature of cross-border energy sharing in preserving
9’/27"2920 23,3045 | 1,170.98 | 2,100 210 | 4430 JTK] 9750.14 51945 stability. Systems that were unable to import energy during
1200 periods of peak demand exhibited significant instability, thereby
92712020 g0t | 1os0gs [20] 210370 | tosess eng| highlighting the necessity for regional energy collaboration.
13:00 (Table 2) shows the governor ramp rate for a 40% RPS along
the load .
9’27’12358 15078 | 13025 | 210 22|2%0| 6| wpwr| s o ooooc CHYe
9/27/2620 Table 2: Governor Ramp Rate for a 40% RPS along the load
500 2625033132049 |2130|  213]22001 220 1486012 885.15 curve.
' . Ramp Rate | Max. Frequency
D |T : o Remark
9’27’1?58 DBA0065| 120056 | 2040 | 24[1470| 17| 172000 114523 ™ | oMwiMin) | variation (Hz) | "

. 1 10:00 | 45 -0.015 Gradual increase in load
9/271279;8 550075125532 | 2150 25| 0| 74 1770045 120631 2 11:00 | 65 -0.02 Mid-morning ramping
52700 3 12:00 |90 -0.025 High solar generation

1800 2465050 1,235.74 | 2,160 216 0 0 17550.15 1,235.74 4 13:00 |92 -0.027 Near peak solar output
o f2620 5 14:00 | 95 -0.03 Load peak begins
900 2,05050 (125253 | 2170 27| 0 0f 1798030  1,252.83 6 15:00 | 100 0.032 Afternoon load peak
9/27/2020 7 16:00 | -60 0.01 Solar decline begins
2000 245009512692 | 2180 218 0 0 1744005 122592 3 700 |75 0,015 Evening ramp-up period
9 18:00 | -80 0.02 Sharp load drop-off
IO g ogs|11csen 20| 29| 0| 0| .owd| 1150 i
2000 10 | 19:00 |-85 0.025 Stabilized demand
9'28’222938 08082 10539(22000 200 0| 0 138517 10459 1 ]20:00 | -85 0.025 Evening load plateau

- 12 21:00 | -80 0.02 Steady demand
9/28!223938 18300.10) 9tadtj2210) 21, 0 0| 1124090 91511 13 |22:00 |-75 0.015 Gradual load reduction
91/23,’2620 14 23:00 |-70 0.012 Stable overnight period

000 1629087 | 6815.23 | 2200 n 0 0 9,250.17 815.23 15 0:00 -65 0.01 Minimal system stress
9/%8/2020 16 1:00 -60 0.008 Overnight stability
1:00 1496032 | 7086 | 2230 ey 0 0 78079 708 17 2:00 -55 0.005 Consistent performance
18 3:00 -50 0.003 Lowest demand period

To quantitatively assess the influence of various operational
strategies, key performance indicators such as the system
stability index, reserve utilization and rates of curtailment were
meticulously analyzed. The results are encapsulated in (Table 3)
and (Figure 2).

Temporal Dynamics and Grid Performance The results
underscore the imperative of midterm dynamic simulations in
capturing the intricate effects of renewable intermittency on
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grid stability. Conventional short-term methodologies overlook
critical governor dynamics and variability patterns, resulting in
suboptimal assessments of stability. Effectiveness of Adaptive
Reserve Management The implementation of adaptive reserve
management yielded a notable enhancement in grid stability,
even under moderate to high RPS levels.

Table 3: Performance Evaluation under Varying RPS Levels and
Reserve Configurations.

Scenario Stability Reserve Curtailment
Index Utilization (%) Rate (%)

Baseline (10% RPS) 0.94 65 1.8
Moderate (25% RPS) 0.76 83 7.1
High (40% RPS) 0.61 92 14.5
Enhanced Reserve
(25% RPS) 0.88 71 3.6
100
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Figure 2: Graphical representation of Performance Evaluation
under Varying RPS Levels and Reserve Configurations.

By reallocating reserves in alignment with real-time
conditions, this strategy mitigated the necessity for prohibitively
high reserve capacities, thus providing a cost-efficient
alternative. Diversification of Renewable Energy Mix A
diversified energy portfolio incorporating wind, solar and ocean
wave energy diminished the overall system’s reliance on any
single energy source, thereby augmenting grid reliability. This
observation is consistent with prior research indicating that
diversity within renewable energy portfolios reduces instability
induced by variability. Policy and Market Considerations The
ramifications of this study extend to the realms of energy policy
and market design. Simulations revealed that incentivizing
reserve sharing and harnessing distributed energy resources
substantially enhances grid stability. Policymakers should
factor in midterm dynamics in reserve planning, while market
operators ought to prioritize mechanisms that facilitate regional
energy exchanges. This investigation presents a thorough
framework intended to analyze and reduce the midterm dynamic
impacts arising from the fluctuations of renewable energy
sources. The findings underscore the inadequacies inherent in
static reserve management approaches and propose the necessity
for the incorporation of adaptive methodologies. By addressing
the challenges associated with intermittency and variability, the
proposed framework provides practical insights that facilitate
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the realization of stable and sustainable power systems in high-
RPS environments. Subsequent investigations should expand
the analytical scope to encompass emerging technologies, such
as grid-scale energy storage solutions and real-time demand
response mechanisms, to further bolster system resilience.

5. Conclusion

The use of renewable energy resources, although necessary
for reaching sustainability aims, creates major obstacles to
the reliability and durability of power systems given their
unpredictable nature. This investigation proposed an innovative
midterm dynamic simulation framework aimed at addressing
these obstacles by integrating sophisticated forecasting
methodologies and adaptive reserve management techniques.
Through detailed simulations, it was concluded that system
instability becomes particularly evident at a 25% Renewable
Portfolio Standard (RPS) under existing reserve conditions,
with afternoon peak periods recognized as the most pivotal
intervals because of the decline in solar power production. The
results reveal the shortcomings of static reserve strategies in the
context of renewable intermittency and stress the importance
of dynamic methodologies that recalibrate reserve allocation
in real time. By utilizing machine learning-based forecasting
and adaptive reserve methodologies, the proposed framework
alleviates the detrimental impacts of renewable variability
without necessitating excessively elevated operational reserves.
Furthermore, the findings highlight the significance of diversified
renewable energy portfolios and regional energy-sharing
initiatives in bolstering grid stability. Scenarios characterized
by import restrictions revealed the heightened susceptibility
of isolated systems, thereby emphasizing the imperative for
international energy collaboration. This research contributes
to the dialogue on renewable energy integration by addressing
critical deficiencies in prevailing methodologies and delivering
pragmatic insights for policymakers and grid operators. The
conclusions derived from this study establish a foundation
for subsequent investigations into dynamic intermittency,
concentrating on the incorporation of emerging technologies
such as battery storage, demand-side management and real-
time market mechanisms. By harnessing these solutions,
power systems can evolve to fulfill ambitious RPS objectives
while preserving reliability and resilience amidst the growing
infiltration of renewable resources.
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