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ABSTRACT

In response to generation-load fluctuation, there has been a change from the traditional idea of
baseload plants towards the more flexible flexi plants. The main aim of the study is The Impact of
Renewable Energy Generators on Thermal Power Plant Cycling. Mega-scale integration of
renewable energy sources into the grid introduces a great deal of unpredictability into grid
operations and, more specifically, has a profound effect on the operational planning of base load
power plants as things stand.Because to the considerable variability of RE generators, their
widespread use necessitates more frequent cycling of the thermal generators.
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1. INTRODUCTION

In response to generation-load fluctuation, there has been a change from the traditional idea of
baseload plants towards the more flexible flexi plants. The rapid shift in the base load cycle
pattern of existing thermal power plants has not been included into this transition. As cycling of
thermal plants causes frequent breakdowns of producing units, greater operation and maintenance
cost, early retirement, and rise in total operating cost, it is of considerable concern to generation
utilities, SOs, and Discoms. The Indian subcontinent has set a lofty goal of installing 175 GW of
RE capabilities by 2021, which has prompted the creation of new legislation to deal with the
challenges inherent in the widespread deployment of renewable energy generation. Now, RE
scheduling and dispatching in India is in its infancy. Accurate forecasting, inflexible thermal
producing units, delayed scaling of existing thermal power plants, and insufficient, non-flexible
balancing units have all made grid operation a challenging undertaking. Under the updated
Deviation Settlement Mechanism Rules, 2015, the Central Electricity Regulatory Commission
(CERC) in India has established scheduling accuracy, forecasting error zones, and relevant
deviation costs for RE generators. Moreover, owing to the RE generators' high fluctuation, the
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base load generators' operating points are lowered, resulting in significant financial loss. For
thermal generators, the CERC lowered the Technical Minimum to 55% of the Maximum
Continuous Rating (MCR) or installed capacity. Furthermore, as the thermal generators' efficiency
degrades with time, a compensation system is developed to account for that fact and the increased
auxiliary energy usage at the station.

The goal of this study is to simulate and analyse the problems with RE capacity expansion and
cost-effective grid operation in light of the aforementioned regulatory amendments.

2. LITERATURE REVIEW

Rahman, Abidur&Farrok(2021)Electrical power plants that run on renewable energy sources
(RES) are generally seen favourably because of the positive impact they have on the environment
and public health. While it's true that RESs don't add to greenhouse gas emissions, there are still
major drawbacks to using them that can't be overlooked. Solar thermal, solar photovoltaic, wind,
biomass, geothermal, hydropower, tidal, ocean current, ocean wave, ocean thermal, and osmotic
effects are all taken into account in this in-depth assessment of the environmental implications of
RES based power plants. Concentrated solar power, or solar thermal power, is an increasingly
popular renewable energy option. Each renewable energy system (RES) based power plant
undergoes a SWOT analysis in which their individual strengths, weaknesses, opportunities, and
threats are identified and addressed. We provide a SWOT analysis comparison of solar
photovoltaic and concentrated solar power facilities. This is a tabular comparison of the
environmental impacts of all current power plants that rely on renewable energy sources. Human
health, noise, pollution, greenhouse gas emissions, ozone layer depletion, toxification, floods,
effect on occupants, eutrophication, dried up rivers, and deforestation are only few of the
characteristics that are negatively affected. The results of the study indicate that the selection of
RES for use in electrical power plants must be made with great care, as the inappropriate use of
RES might have severe consequences for the natural environment.

Hemeida, Mahmoud &Hemeida(2021)The use of RER is now crucial for achieving sustainable
development targets (SDG). Because to their dependence on external factors like weather,
renewable energy sources (RER) tend to be accompanied with a high degree of unpredictability.
Two Sustainable Development Goals (SDGs) are the subject of this paper: SDG7 (affordable and
reliable access to renewable energy) and SDG13 (reduced inequalities in the distribution of
wealth) (reducing climate change). Further SDGs in the areas of environment, society, and
economy would be bolstered by these objectives. Wind, solar, biomass, and geothermal power
plants provide the backbone of this research, which is built on the findings of life cycle
assessment (LCA). Many crucial topics, including the environmental impact of fossil fuels, the
link between economic sustainability and RER, the current contribution of RER to global energy
consumption, and the barriers and environmental effects of RER under consideration, are
presented briefly to support the study and achieve the main point. Therefore, solar and wind
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power account for 27.7% and 26.92% of the RER electricity market, respectively, while biomass
and geothermal continue to make only small contributions (4.68% and 0.5%, respectively).
Offshore HAWT was the most efficient WT method, while silicon-based PV cells were the most
efficient solar PV method (27% efficient). There are a lot of new technologies that require greater
funding for research and development, more attention from the general public, and better
government infrastructure (such as data and regulations).

Eser, Patrick & Singh, Antriksh&Chokani(2016) To evaluate the effect of a higher penetration
of renewables on thermal power plants, researchers simulate the best power flow of the linked
grid in Central Western and Eastern Europe in 2013 and 2020 with high geographical and
temporal resolution. In contrast to earlier research, this new effort simulates each every
transmission line and power plant across the two areas. In addition, the cost of electricity from
conventional plants is calculated based on factors such as fuel type, nameplate capacity, operating
condition, geographic location, and cycle costs estimated as a function of recent operational
history. Costs and available electricity for renewable energy facilities are calculated with the use
of mesoscale weather simulations and hydrological models. All renewable and most conventional
electricity output are anticipated with less than 10% inaccuracy, according to validation
throughout the country. It is shown that by 2020 the increasing penetration of renewables will
cause a 4-23% rise in the number of starts of conventional plants. Load ramps rise by 63-181%,
highlighting the need for manufacturers and utilities to adjust to increasing penetration of
renewables. It is demonstrated that the enhanced cycling operation of coal plants is highly site
dependent, and is most often seen in Germany and the Czech Republic. As Austrian coal plants
deliver more base load electricity to southern Germany, where numerous nuclear power facilities
will be phased down by 2020, there is less need to cycle the plants in Austria. Thus, greater
transmission capacity along Germany's north-south corridor is required to move renewable energy
from windy parts of northern Germany to the demand centres in the south.

Van den Bergh, Kenneth &Delarue, Erik (2015) Conventional generating unit cycling is a key
source of operational flexibility in the power production system. Modifying the conventional
units' power output by ramping and switching is called cycling (starting up and shutting down).
Many technical and financial cycling criteria are available in the published literature. In
comparable power plants, different cycle parameters have been assigned in various studies. This
study evaluates the results of distributing a standard generating portfolio with varying cycle
settings. Power plant technical constraints and other cycling-related expenses are taken into
account. An application of a unit commitment model to a case study of the German system in
2013 provides the foundation for the findings reported in this research. For various penetrations of
renewables, the conventional generating portfolio must provide varying residual load time series.
Assumptions were established, and the analysis indicates that even when strict dynamic criteria
are applied to the generating portfolio and a highly variable residual load is put on the system, the
limitations of the conventional generation portfolio as a whole are not achieved. Furthermore
highlighted by the research is the need of factoring in whole cycle expenses when arranging
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commitments for individual units. When these factors are accounted for, the price of riding may
be cut by as much as 40 percent.

3. METHODOLOGY

Mega-scale integration of renewable energy sources into the grid introduces a great deal of
unpredictability into grid operations and, more specifically, has a profound effect on the
operational planning of base load power plants as things stand. The compensation mechanism for
the cyclically operated generators has to be put through its paces in a variety of real-world
settings, and any shifts in dispatch scheduling as a result of these generators' inclusion in the
dispatch algorithm need to be carefully analysed.

3.1 TEST SYSTEMS

All of the aforementioned models have been tested and implemented on the IEEE 30 bus system
and the Indian Utility 30 bus system.

4. RESULTS
4.1 IEEE 30 Bus System

The overall cost of generating in the baseline situation is $16712. The thermal generators provide
all of the required power. The curve for the cost of generation is shown in Figure 4.1 so that it
may be compared to the situations that take cycle cost into account. Figure 4.2 displays the
generators' upper and lower operational limitations as well as the actual lowest and maximum
generation. The generators are seen to be performing within their capabilities.
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Figure 4.1 Comparison of base case generation cost
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Figure 4.2 Generator limit and output under base case

Figure 4.3 and 4.4 show the hourly production and running cost, respectively. With no
compensation plan in place, there is no supplementary expenditure.
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Figure 4.3 Hourly generation under base case
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Figure 4.4 Hourly generation cost under base case

All operating expenses in Scenario 1 amount to $24993 whereas total cycling expenses amount to
$7028. There is a $19650 thermal generator surcharge. The price of riding, or the benefits
received for doing so, accounts for almost all of the disparity. As no renewable energy is being
injected, the cycling of the thermal generators is being blamed on fluctuations in demand alone.
Whole generation costs, including cycling expenses, and those excluding cycling costs are
compared in Figure 4.5.
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Figure 4.6 shows the hourly cost of production. Figure 4.7 shows the hourly output.
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Figure 4.6 Hourly generation cost under Case 1
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Figure 4.7 Hourly generations under case 1

The price of thermal power production in this instance is $1,483.9. Wind and solar energy cost $
1887 per year to operate. As the DSM is applied to the RE generators, the RE generators owe the
pool a net sum of $ 118, while the thermal generators owe a net amount of $ 16608. Because of
the expense of cycle, the whole manufacturing cost has risen to $24049. Higher compensation to
the thermal generator as a result of part-load operation is cited as the cause of the price hike. The
difference in generating costs between including and excluding the cycle cost (compensation cost)
is seen in Figure 5.8. The thermal generators are owed a total of $7,444 in cycle costs or

compensation, but the penalty paid by the RE generators because of forecasting inaccuracy is
little.
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Figure 4.8 Comparison of generation cost under Case 2

Figure 4.9 and Figure 4.10 show the hourly generation and cost of thermal, wind, and solar
generators, respectively.
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Figure 4.9 Hourly generation under case 2

© Association of Academic Researchers and Faculties (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 616



Hourly Generation Cost

1400 T
~————Thermal
Wind
1200 Solar Iy
— Total Gen.Cost | / / -
o 1000 ‘ 7 = '."L., :
= :
L N A Iy \ 4

8 800 . o Y ;
c ‘ i 4
o g
& 600 f
o
=
[
O

400

200 1

00— p ! e 1 —
0 5 10 15 20 25

Time in Hours
Figure 4.10 Generation cost curve under Case 2

According to the data shown above, the addition of renewable energy sources lowers the cost of
production overall while slightly raising the cost of cycling thermal generators.

5. CONCLUSION

Because to the considerable variability of RE generators, their widespread use necessitates more
frequent cycling of the thermal generators. If the expense of cycling these generators isn't
adequately estimated and accounted for, it might have a devastating effect on the viability of
thermal power plants. But, Discoms will be negatively impacted and face higher total operating
expenses if cycle charges are paid to generators outside of the dispatch algorithms. Based on the
findings to far, it is clear that the compensation mechanism will be detrimental to distribution
utilities but beneficial to generators. Yet, the Discoms would eventually go elsewhere for their
energy needs in order to avoid paying the compensation fees. More PH generators are needed to
dispatch the grid-scale RE generators, as shown in a case study examining the effects of PH on
operating costs, cycling, and emissions.
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