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ABSTRACT

NOVEL ANALYSIS OF PHOTOVOLTAIC (PV) AND
CONCENTRATING SOLAR POWER (CSP) IN GENERATING GREEN
RENEWABLE ENERGY

Al-saegh, Ali
M.Sc., Electrical and Computer Engineering, Altinbas University,
Supervisor: Asst. Prof. Dr. Sefer KURNAZ
Date: 08 / 2022

Pages: 56

The generation of energy and power is a top priority for Turkey. Only 85-90 percent of the
world's 82 million people have access to reliable sources of electricity. In order to fulfill this
assumption, we have made use of communal resources such as the solar base and the twist,
primarily with the goal of transporting as many people as possible into the office of power
access. We are able to provide our customers with the appropriate amount of electricity by
mixing renewable energies like solar and wind with various pieces of power equipment. We
would like to keep the power problem to a minimum as much as possible. An inverter for
concentrating solar power, also known as CSP, helps lower expenses associated with the sun,
which is a challenge for developing nations like Turkey. Because modern integrated circuits
(IC) are so dependable and space-efficient, they make shipping, modifying, or replacing
components much simpler tasks that formerly required the use of cumbersome and costly tools.
According to the findings of the study, a reduction in global force consumption may be possible

vii



if CSP inverters were combined with renewable energy sources. Solar energy has traditionally
contributed 4.5% of Turkey's total power generation, and it is projected to contribute 35% by
the year 2050. Since wind turbines are powered only by the wind, there are no fuel expenditures
associated with their operation. Due to the high cost of other forms of energy, such as coal,
petroleum gas, hydropower, and atomic energy, wind power is becoming increasingly

competitive.

Because it does not cause pollution, use resources, or produce substances that are harmful to the
ozone layer, it is an essential component for decarbonizing the matrix and achieving
environmental objectives. When provided with data from CSP meters, the revised energy model
performs well in terms of energy sum and design. The projections made by the default model
did not correspond to the measured CSP data. In comparison, the default model's expectation
went short by more than 52 percentage points, but the recreated sustainable energy consumption
with diversified inputs only fell short by 3.9% of the actual, metered limitless data. In
MATLAB, the improved model provides precise findings for sustainability with 10.99% solar
power and 9.90% wind power, whereas the mixture model has 57.16% solar power and 57.20%
wind power. When evaluating the accuracy of a rebuilt model's portrayal of deliberate

information change, the PVV-CSP cross breed model lists are put to use.

Keywords: Environmentally Friendly Power, Photovoltaic, Power, Green Energy,
Concentrating Solar Power,
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1. INTRODUCTION

Purchasing large-scale electric power systems is one way that sun-oriented energy reaches end
users. These are Independent System Operators, non-profit organizations that the Federal Energy
Regulatory Commission (FERC) has authorized in the United States (1SOs). They are responsible
for planning how electricity moves throughout the electrical grid, decently controlling power
markets, working with non-market power buy agreements, and arranging the power framework
to guarantee that it can fulfill need. They are financed by gathering administration expenses from
market purchasers and merchants at the base level expected to take care of expenses. Their
business sectors oversee 60% of the country's power with the target of adjusting organic market
for the whole framework by enabling specific generators to make proposals outlining the quantity
and price at which their asset may provide the market A rapidly growing resource, solar energy
now provided 4.5% of the US's electricity and is expected to reach 35% by 2050. Solar energy
can generate electricity without the need for any additional fuel, as the power output of the
turbines is controlled by the amount of sunlight available. Along with coal, combustible gas,
hydropower, and nuclear power, solar energy is a major competitor for the future of energy. It's
a game-changer for decarbonizing the planet and achieving environmental goals because it

doesn't pollute, exhaust resources, or create 0zone-depleting substances [1].

The validity request, a cheap purchasing regulation, accepts energy offerings by inflating cost
requests until the requirement is met. This energy is then transmitted over the network to satisfy
demand [2]. In this study, | examine how the amount of sun-powered age available in competitive
power markets affects the discount cost of power. Sun-based energy should reduce costs based
on 1) the amount of solar contributed to the market, 2) interest, and 3) the minor costs and
amounts of other assets. Accepting inelastic interest and ignoring the effects of business exits
over time, | recreate the market component using verifiable market information and examine the
cost variations. | look for this impact at the global day-ahead market, which comprises 30-40%

of 14 million clients' energy [3].
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Figure 1.1: with simple visuals, several renewable energy sources [4].
1.1 RENEWABLE ENERGY IN BRIEF

The investigation focuses on energy simulation programs that date back to the development of
sustainable power and that brought to the attention of the public authority the fundamental role
that energy plays in the monetary advancement of the country, as shown in [5]. The first energy
recreation programs were prepared to carry out warm calculations for a structure that was handled
by a single zone. Midway through the 1980s, replication programs were built to depict various
warm zones and carry out calculations for HVAC (heating, ventilation, and air conditioning)
systems operating under varied conditions, as shown in [6]. During the 2014s, scientists and

program designers further developed the recreation projects to have easy to use graphical



connection points that permitted fashioners and specialists to utilize them effectively as portrayed
in [7]. The Department of Energy developed the most widely used reenactment motor in research
around the same time period. Originally known as DOE, it was later changed and renamed
Energy Plus as seen in [8]. In an effort to cut costs and the environmental effect of operating their
properties, building owners aim to use less energy. As a result, building owners work to create
functional and energy-efficient structures that consume less energy than comparable traditional
structures. Many facility owners, particularly those of customers with high energy needs like
hospitals, want accurate energy usage projections, as seen in [9]. The expectations are utilized in
monetary planning to appraise the expense of utilities. Also, green structure rules, like CSP, and
energy codes are progressively requiring precise energy reproductions. Consequently, playing
out a precise energy recreation during the plan period of the structure is turning into a significant

prerequisite in the business as referenced in [10].

Modern simulation accuracy improvements frequently include calibrating energy models for
existing structures. After multiple site visits and discussions with building operators, an initial
model is created, which continually improves in accuracy as input parameters are continuously
changed. [11]. Alignment as a technique, however, is not without flaws. The alignment cycle, as
shown in [12], is a very labor-intensive and time-consuming operation that involves several site
visits and a wide variety of precise information. Adjustment is also, and perhaps more
importantly, expert explicit as noted in [13] since it depends so heavily on the client's unique
judgment. When aligning the model, there is no set procedure to follow; the modeler must just
decide which border to alter. Finally, as shown in [14], it takes only a cycle to fine-tune
reproduction models for already-existing structures. Accordingly, by recognizing significant
recreation input boundaries that influence the exactness and are not project-explicit, energy
investigators will actually want to deliver precise reenactments at beginning phases of new and

retrofit projects.

Building models may be created by mechanical design engineers using the same procedures they

would employ. This study provided accurate mechanical and HVAC design results for [15]'s



constructions. Design engineers determine the structure's design criteria and particular rules.
Case studies include hospitals with science labs. Design engineers would conform to [16]'s
Design Requirements Guidelines for Biomedical Laboratories, Green Energy Research
Facilities, and National Institute of Health guidelines for producing spaces. The guidebook offers
instructions for constructing cutting-edge biomedical laboratories. The manual explains how to
properly design the building's mechanical, HVAC, lighting, and renewable energy systems in
order to preserve the necessary functioning and the safety of the people. This research employs
the Micro-Grid Standard 90.1-2020 (Micro-Grid, 2020) lighting densities for all other types of
spaces since they are mandated by building codes. The simulation models also made use of
recommendations for precise occupant behaviour in structures from the technical investigations.
Green Energy Generation for the 21st Century and Large Buildings 50% Energy Savings:
Technical Support Document [17].

1.2 PROBLEM STATEMENT

This job is being worked on to address the issue joined by the present assets in order to address
the existing concerns of electric power in Turkey as much as is realistically expected. PV
(Photovoltaic), diodes, capacitors, and other electrical components will be utilized in conjunction
with a three-stage CSP (Concentrating Solar Power) converter to finish the project. When using
a solar turbine or solar board, for instance, the typical asset utilization cycle comprises converting
variable DC power to fixed DC with a converter, inverting the fixed DC to AC with a three-stage

inverter and CSP, and synchronizing the AC to the lattice.

i.  Energy security: This results in increased energy security by reducing or eliminating the

requirement for imported energy sources.

ii. Enhanced dependability: Bringing some power plants closer to the people they serve and

decreasing reliance on imported fuel both contribute to a more stable energy infrastructure.



iii. financial opportunities: We can lower the consumer's long-term energy costs by employing

more energy sources that are unrelated to fluctuations in the market.

iv. Reduced cost: Compared to a three-stage AC transmission system, the cost of the power

devices is significantly lower.

v. This project's execution is reliable and straightforward, making it easy to move from one

location to another.
1.3 AIM OF CONTRIBUTION

This research focuses on enabling accurate building energy simulations for healthcare buildings,
specifically laboratories, with the modification of key input parameters. The postulation exhibits
the viability of involving more reasonable qualities for compelling boundaries in further
developing the energy reenactment for coordinating environmentally friendly power sources. The
exploration goes through different examination papers and articles performed on awareness
investigations of building environmentally friendly power recreation to limit the quantity of most
huge information boundaries for sustainable power reenactment. In view of the writing audit, the
most powerful info boundaries are temperature and moistness set focuses and mishaps, lighting
thickness and timetable, hardware thickness and timetable, inhabitance thickness and timetable,
and ventilation rate. The current review utilizes MATLAB which is a point of interaction of the
well-known energy estimation motor, Energy Plus (MATLAB, R2019a). MATLAB offers an
easy-to-use three-layered interface that permits clients to handily make building zones with right
math and direction, and effectively indicate the subtleties of the nook properties and the inside
loads. Climate change is an impending disaster, both environmentally and economically. If we
don’t find a way to fix this problem it could be disastrous on a scale beyond anything we have
ever seen. One of the manners in which countries can nullify this looming calamity is through
appropriations for sustainable power utilization. In this study, I want to determine if and how
world appropriations affect the use of sustainable power using CSP and PV planetary groups.

Using this information, | must determine if returning petroleum product endowments to green



power sponsorships is financially feasible using the PV neighboring planet group and CSP. The
blend of value drops and huge scope execution enhancements implies that nations can now begin
carrying out sustainable power to everyone at low an adequate number of costs that, even without
government appropriations, environmentally friendly power innovation will want to rival PV
planetary groups supplanting the old petroleum products. In a world that is centered around
environmental change, one country stands out as a country with the capacity to fix this issue for
an enormous scope. Nonetheless, the focal point of the exploration would be situated in the sun-
based power recreation age for green sustainable power utilizing the CSP and PV.

1.4 THESIS ORGANIZATION

Three appendices and six chapters make up the thesis. The objective of Chapter 1 is to offer an
overview of the development of the building renewable energy simulation by combining PV and
CSP, as well as the relevance of the simulation for the building sector and some fundamental
information about the energy consumption of CSP. The relevance of building energy modeling
is reviewed in Chapter 2, along with a summary of the most significant and impactful input
parameters for simulation programs from over 20 different research studies. The study approach,
the accuracy benchmarks this thesis will employ, and the adjustment of the input parameters are
all introduced in Chapter 3. The crux of the study is Chapter 4, which performs default and
modified simulations on the outcome’s implementation for new, minor, and big renewable
energy refurbishment projects and discusses the findings using PV and CSP. The findings from
all the simulations are discussed in general detail in Chapter 5. The research's conclusion and a
discussion of possible and future investigations are presented in Chapter 6.



2. LITERATURE REVIEW

The following overview of the literature shows how crucial it is to offer a simple, workable way
for creating realistic simulations of renewable energy sources. The chapter begins with a review
of the recent trend in research to speed up and simplify CSP and PV models in order to minimize
the time required for accurate energy estimates. In order to draw a conclusion on the influencing
input factors that impact the simulation accuracy, the chapter concludes with a study of more
than 50 research articles and publications.

2.1 SENSITIVITY ANALYSIS AND ENERGY SIMULATIONS

Building energy reenactment programs is a complicated task with many limits. One of the main
goals of many experts has been to improve the reenactment by responsiveness testing. Experts
[18] said in a prologue to sustainable energy that the time it takes to show a good and accurate
energy model is one reason for its limited use in designing companies. As a result, working on
the recreation strategy by examining the effect of information boundaries could be a faster and
easier way to show exactly what a good and accurate energy model. The specialist in [19]
discusses how there is a requirement for high precision in down to earth energy estimations, yet
to additionally work with this high exactness basically, giving more straightforward yet hearty
methods is significant. Analysts in [20] notice that while performing energy reenactments, a few
info boundaries have more impact on the outcomes than others and more consideration ought to
be put to these boundaries. At long last, quite possibly of the most recent distribution, [21]
specifies that there is a developing interest in responsiveness examination and vulnerability

investigation in building energy reenactment, particularly for retrofitting projects.
2.2 KEY PARAMETERS IMPACT ON GREEN ENERGY GENERATION

While many have assessed the impacts of sun-based age on power market costs, none have
reenacted the immediate value effect of extra units of sun oriented as a counterfactual to

verifiable information. Underneath, | examine existing assessments of sun-oriented influence on



costs, the impact of the energy blend on this effect, endeavors to primarily demonstrate the
organic market bends in these business sectors, and potential designing limitations that might
hose the cost suppressant impact of sun based. The impact of the sun and other non-depletable
resources on power costs is called the legitimacy request impact, and it has been looked at by
researchers using data from businesses all over the world. Scientists in [22] showed how solar
power influences spot prices in the green electricity market, which is indisputably more sun-
based than ISO (20% of the limit for producing is solar). Using sun-oriented power estimations
as a proxy for age, they found that as sun-based entrance increased, the average cost headed
toward zero, with 2% of cases with more than 40% sun-based entrance costing $0. The influence
of solar energy on pricing relies on the mix of ages and the flexibility of the typical limit,
according to researchers [23]. The effect is worse during the day than at night and is reducing
[24].To show these results, they used a model of relapse like the one in [23].Their model accounts
for the effects of interest, the cost of petroleum gas, and time-sensitive fixed impacts to
demonstrate the cost-declining effects of increased wind and sun-based technology on the Italian
power market. | use this model to evaluate the overall effects of various assets on the clearing
value. Sun-based entrance, estimate accuracy, and market reduction effect validity request
impact. Overproduction causes the system administrator to reduce an asset's supply. As solar
energy consumption grows, analysts believe costs drop and unpredictability rises.
Unpredictability increases at precise market moments (e.g., five minutes versus hourly). I look
at how oil gas supply affects wind's cost effect, which they believe should be studied in the future,
but | don't consider estimate precision or decrease (since these aspects add complexity beyond
the limit of this study).
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Figure 2.1: The price of renewable energy has sharply dropped during the last ten years. [25].

Extra solar age value depends on energy mix. Analysts in [26] reveal that enlarged solar-based
entrance in Turkey little influences normal costs because to the predominance of imported gas
age, which contains 48% of supply and is the cost-setting minimal fuel. Rising solar entry
influences the age mix by reducing gas and oil age, the most common minimum fuel on the bid
bend. Gas and oil are often used as quick inclining generators that can quickly activate for a low
cost if solar power estimates are off. After writing this, | measure the influence of more sun-

based age on my recreation using gas age.

Because there are obvious connections between price and the underlying conditions of the
market, structural models are applied because this issue can be analyzed and solved as a supply-
and-demand problem. [28] The researchers hypothesized that supply and demand curves were
responsible for driving increasing prices. They developed a supply curve in the shape of a
"hockey stick™ to illustrate the quick exponential increase in price that occurs after a certain
quantity has been supplied. Additionally, they developed a demand curve that considers
seasonality and temperature. Researchers have found that natural gas's price-setting influence as
a fuel at the midpoint of the bid curve is substantial [29]. Using the same bid curve model that |
employ to analyze the effect of changes in bid clusters on price, they construct a structural model
for spot pricing. These changes are caused by shifting fuel costs. Their method places an



emphasis on recording a large amount of data at once due to the complexity of the energy markets

and the multiple supply and demand elements that influence the clearing price.

Others draw attention to the possible impact of engineering factors on the cost of wind. According
to the author in [30], baseload plants (which serve as an energy reserve to ensure the viability of
the power system if variable output falls) may experience problems as a result of increased
baseload plant cycling, or the plant's starting and shutdown, which drives up maintenance costs
and escalates the chance of failure. Renewable energy sources that create electricity according to
uncontrolled weather conditions, such as wind and sun, are becoming more widely used. This
partially undoes the impact of the adoption of zero fuel cost variable output resources on fuel
cost reductions. The impacts should be taken into account in system-wide studies of the price
impact of solar, even if they do not immediately express themselves through electrical markets
(rather, through non-marginal venues like the capacity market). Even if an ISO is unable to
monitor the operations of a single utility-scale power plant, researchers in [31] discover no
significant effects on transmission-level system operations related to wind. But they clarify that

this could only be true for little solar penetration.

To be considered a convincing border, a boundary must have a base number of 9 suggestions,
which equals half of the exam papers. From Table 2.1, the most compelling information
boundaries that were most often suggested with 9 proposals or more are temperature set-focuses
and misfortunes (most noteworthy recurrence), lighting thickness and timetable, and hardware
thickness, and timetable. The idea of lighting and hardware plans is straightforwardly connected
with the tenants' way of behaving since inhabitants are the ones utilizing the lighting and gear.
In this manner, the inhabitance plan is just about as significant as an information boundary to be
adjusted as the lighting and hardware plans as depicted in [33]. Additionally, all of the writing
that was analyzed was done in offices and college buildings, therefore ventilation was not a
significant boundary in these areas. However, raging hoods and the need for good air quality in
labs are a substantial energy consumer. As a result, ventilation rates are essential for age spaces,

as shown in [34]. Consequently, the essential information boundaries that this exploration will

10



zero in on and differ their qualities to work on the exactness of the energy recreations for the
contextual analyses are temperature set focuses and difficulties, lighting thickness and timetable,
hardware thickness and timetable, inhabitance timetable, and ventilation rates as depicted in [35].
These are the essential information boundaries that this examination will zero in on and change

their qualities to work on the precision of the energy reenactments for the contextual analyses.

' North America
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1% America
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Figure 2.2: Proven solar energy worldwide generation broken down by continents [35].

In conclusion, the literature study revealed that the research community is making an attempt to
cut back on the time and work required to generate realistic simulations. In order to establish the

essential input parameters to be used for research as indicated in, the literature review examined

18 research articles. [36].
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Figure 2.3: Proven wind energy worldwide generation broken down by continents [35].

2.3 1SO GENERATION MIX

The generation of electricity from gas, coal, hydropower, wind, solar, and nuclear energy
provides most of the the world's needs. Although coal and oil have historically played a larger
role in the region's energy mix, as indicated in [36], this has changed as a result of environmental
legislation, market pressures, and the aging of facilities. Still accounting for 28% of the region's
capacity is coal and oil. Although they only met 2% of demand in 2020, they serve as an essential
reserve generation to meet surges in demand or the price of natural gas. They are primarily
supported on the market by payments from the capacity market. The market for nuclear energy
is also likely to decline because of lower natural gas prices, which have made it harder for nuclear
reactors to recoup medium-term expenditures including those associated with maintaining safety
standards and refueling, as indicated in [37]. According to [38], as of January 2020, 57% and
42%, respectively, of new generator proposals submitted to the ISO represented the majority of
the resource mix. Seasonal variations affect both demand and the generating mix. Despite

increasing system demand in the winter, natural gas makes up a lesser portion of the generating

12



mix. This is because there is a greater need for natural gas for home heating, which raises its cost
and reduces its ability to compete on the electricity market, leading to a rise in the usage of coal
in the winter. Natural gas pipeline capacity issues have been a major factor in the region's scarcity
and price increases. The summer, when energy is utilized for cooling, sees the biggest demand
of the year. The rapid exponential price increase that distinguishes infrequently On the warmest
days of the year, it has been found that active generators along the rightmost edge of the bid
curve, as shown in, cause the clearance price to spike to values close to 20 times the average.
[39].

Supply in ISO-NE day-ahead market, 2010-2014

0 100000 200000 300000 400000

mean of nuclear
mean of hydro
mean of oil
mean of solar

mean of gas
mean of coal
mean of refuse
mean of wind

2
IIII E

Figure 2.4: Gas and nuclear power generation dominate the ISO system, with the remaining resources
accounting for less than 25% of supply. [39].
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Supply in ISO-NE day-ahead market, by season

Fall
Winter
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] T T T T
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Figure 2.5: Significant seasonal fluctuation is seen in coal and natural gas. [39].

An ISO section called the Internal Market Monitor (IMM) is in charge of "daily identification
and mitigation of the impacts of any anti-competitive activity in the wholesale markets or market
goods." The IMM takes legal action and imposes financial penalties in response to actions that
alter market circumstances, regulations, or pricing, as described in [40]. Most generators must
submit day-ahead market proposals that don't exceed their marginal costs; the CSP keeps an eye
on their costs and capacity. As a result, generators are not permitted to freely withhold capacity
as indicated in even though the quantity generated may fluctuate depending on circumstances
like scheduling of maintenance and unexpected shutdowns. [41]. Since it stops generators from
strategically bidding in response to other market participants' bids, the PV plays a crucial role in
ensuring that the merit order process continues to be successful in getting electricity at the lowest

possible cost. Without regulatory monitoring, non-solar generators may predict solar production
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based on public estimates (or weather predictions) and withdraw quantities to unfairly boost

costs.
2.4 GENERATION OF PHOTOVOLTAIC ENERGY

One more significant contribution for exact recreations is gear burden and lighting-load power,
particularly for a photovoltaic age. The hotspot for changing these boundaries is a plan rule
distributed by The National Institute of Health (NIH), "Plan Requirement Manual: The formulae
for building condition of the efficient power energy age" as referenced in [42]. It is a biomedical
age plan rule that determines the design, mechanical, sustainable, and plumbing necessities to
keep up with the nature of work and security of tenants in biomedical research centers as depicted
in [43]. Part of the sustainable plan prerequisites is the environmentally friendly power thickness

expected to address the attachment loads as portrayed in [44].

SUNPOWER’

How Solar Works

Sunlight Solar Cell Inverter Home Appliances
When sunlight hits a solar ~ As electrons pass through ~ That electricity is sent That AC power runs
panel, photons (particles  the cells of a solar panel, to an inverter which through your home ready
of energy) are converted  they're convertedintodirect  converts it into alternating to power appliances,
into electrons. current (DC) electricity. current (AC) power. charge devices and more.

Figure 2.6: Sunlight fuels photovoltaic cells' capacity to store renewable energy. [44].
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The default figure that the recreation program uses for hardware load is 2.153 W/ft?, with 20%
being the radiation gain as reported in [44], in contrast to the default numbers used in the
recreation program and values provided by the PV plan handbook. With a norm of 17 W/ft?, age
hardware sustainable loads range from 8 WI/ft? to 26 WI/ft?, according to the PV
recommendations, depending on the kind of equipment and test as indicated in [45]. The business
lighting power limits produced in the Micro-Grid with prepared PV and the PV plan manual for
age spaces, respectively, were used to determine lighting power densities using the space-by-
space technique (miniature framework).
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3. RESEARCH METHODOLOGY

This chapter outlines the thesis' method for analyzing PV and CSP in an innovative way to
provide green, sustainable energy in the beginning, it provides a rundown of the procedures that
were followed in order to reproduce each case study. MATLAB, the simulation tool that was
used for the purpose of this study, is subsequently presented in the chapter that comes after this
one. In the following part, photovoltaics (PV) and concentrated solar power (CSP) are discussed,
both of which establish a high standard by which to judge the accuracy of energy models. The

chapter concludes with a thorough exploration of the moderating factors and their source.

3.1 CALCULATIING THE PV AND CSP FOR GENERATING RENEWABLE
ENERGY

The legitimacy request acquisition instrument is the cycle utilized by the ISO to acknowledge
the stockpile expected to fulfill need basically cost. It limits the expense of obtaining power by
tolerating offers of cost and amount at all cost request until request is met. This can be
communicated as follows: The legitimacy request holds for by far most of hours, however it is
infrequently superseded in the event that other matrix limitations should be met. For instance,
assuming that request strongly spikes between hours, the following least expensive asset might
be disregarded for an alternate asset that can enact all the more rapidly to give power so as to the
following hour. Another case is of transmission requirements: the following least expensive asset
might be disregarded on the off chance that it is situated in a put on the network that isn't fit for
giving power to live up to expectation showing up in an alternate piece of the lattice because of
transmission limitations (when electrical lines are truly unfit to send power between two areas).
Notwithstanding, cases like these are non-predominant and unusual with the information
accessible; hence, | expect in my market reproduction that such requirements don't happen.
Future work ought to loosen up this suspicion, as sun powered age will in general happen in
regions farther away from the wellsprings of most noteworthy interest (for example seaward or

in less populated provincial regions), proposing there might be a relationship between's sunlight
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based age and expanded superseding of the legitimacy request except if extra transmission

foundation is worked to neutralize this expected impact.

CSP(t) = R;(t) + Ld;(t) + v.(t)

ai(t) _  Rit)  ve(t) | vilt)
dr L L + L

Pertaining the CSP for generating the renewable energy.

v.(t) = %ji (t)dt

The following provides the generation for the entire generating process: —
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The CSP equation was considered regarding time

dv.(t) i(t)
— = 34
dt c (34
t
State vector, X = v(®)
v (t)
di(t)
State Vector Differential, X ‘= ”_ dvﬁtj “
dt
di(t) ( ) )
X dv(®)| | 1 o | Iv (t}] [0 [v: (0]
dt
i(t)
Y=[o 1] [
e ()
Where,
_Rk 1 1
A=l B F B=H C=[0 1] and D=[0] (3.4)
- 0
Hybrid PV and CSP Model Equation:
o bu -
CSP = ST, (E) =114 dkys+ U4 (1) (3-3)

(s™ + U (t) s™ 1+ .. +ayB(s) = byM(s))

Repositioning the above equation as

For the hybrid PV and CSP equation model's two sides, use the inverse Laplace transform
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dMy(t dm 1yt
Vit) ke, y_{ )
dcnh dtn—1

+o ke Z kg y (8) = bou(t)

Let

And u(t) = u

MATLAB's standard PV and CSP equation for supply/demand is:

J:fn + kxﬂ+...+k1xZ + kxl = BUUJ_(T:)

Rewriting the above equation as given by.

The output equation is given by:
yt)=y=x

The hybrid model becomes —
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x= X2
iﬂ—l
Xp
0 1 0 0 0 X3
o o 1|t 0 0 |lx
0 0 0 0 1| %01
—ag —a; —ap -3 ap—q Xn
Xy
X;
PVv=[1 0 - 0 O0]| :
Xn-1
xn

Here D = (0)
Renewable Energy Calculation Equation:
da
RE: d—; = y)y(0) =y,

v(s) 1
u(s) s*+s+1

Renewable Energy Calculation Equation:

RE: j—; = f(x,y)y(0) =y,
y(s) 1

u(s) s2+s+1
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Reposition of the renewable energy order equation is given as:
(s? +s+ 1DY(s) = U(s)

Pertaining inverse Laplace transform on both the sides.

AL DO 6 - o
Let
v(t) =x;
o
dt 2 1
And u(t) = u

Then, the basic CSP and PV state equation is
.7;:2 = —X1 — X3 +u
The output equation is

y(t)=y=x

Repositioning the above equation as follow
(s™ + ap_1s" M. +a s + ag)v(s) = u(s)
Substituting the inverse Laplace transform on both the sides.

d"u(t) d"1u(t) dv(t)
dt" In-1=gm-1_ T Th Ty

+ agv(t) = u(t)
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Calculating the CSP and PV Root Mean Square Error by replacing both sides with the inverse
Laplace transform (RMSE):

Let

v(t) = x;

dv(t)

Andu(t) = u
Considering the comparison of the following two sets of results:

y(s)
v(8)

=b,s" + b,_1s" 1+..+b;s + b

Rearranging the equation as follows:
PV (s) = (bys™ + by_1s" 1 + e+ bys + by)v(s)

d™vt b vt dv(t)
CSP(t) = b, I + b,_q a1 +..+b; ST + bov(t)

At its most improved, the inventory bend framed by the requesting of offers shapes an
outstanding bend, with the getting value relating to the crossing point free from supply with a
decent degree of interest. The drivers of the outstanding state of the inventory bend and the

greatness of interest are talked about underneath.
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Figure 3.1: a visual representation of demand and supply.
3.2 DEMAND FOR PV AND CSP ANALYSIS

Short-term demand is often met independently of supply and cost due to factors including the
season, day of the week, time of day, climate, and the efficiency of electrical equipment and
structures. Since electrical power is frequently unavailable as an alternative, it is inelastic to
changes in price. When buyers may alter their usage levels over a longer period due to cost, this
situation starts to shift a little (like purchasing more energy-proficient apparatuses, further
developing structure protection). For instance, versatility of interest of private power cost in New
England is assessed to be about - 0.192 in the short run, and - 0.325 over the long haul. Monetary
development has been an enormous driving component before, yet this impact has faded as
development in GDP has progressively decoupled from development in power interest. But it's
obvious how demand affects pricing: the more the demand, the higher the ensuing clearing price.
The usage of heating and cooling equipment during the summer and winter causes seasonal

changes in demand and pricing. Additionally, there are variations during the day and according
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to seasonality summer demand peaks at 3 p.m., when mid-afternoon temperatures cause a surge
in the usage of cooling systems, as opposed to other seasons when people get up, prepare for the
day, and then return home from work. Summer has the highest demand due to midafternoon
peaks, However, winter provides fewer hours of daylight, so people tend to spend more time
indoors. The loads that are carried in the spring and in the fall are comparable. The nighttime and

early morning hours have the lowest levels of demand.
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Figure 3.2: demand and price rise concurrently.

Figure 3.3: Daily demand patterns are impacted by seasonal fluctuations.
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3.3 ANALYZING THE PV AND CSP SUPPLY

When all generators' bids are placed in an expanding cost request, the bid bend develops, giving
a handy visual depiction of the price ranges in a market. The graphic below was produced on
January 1 at 9:00 AM utilizing day-ahead offer information obtained from ISO's framework,
should show the bid bend's extreme behavior. This unique shape is caused by infrequently
utilized, more expensive hold generators and generators whose peripheral costs vary with
quantity delivered. This interest is shown by the red line in Figure 6, which crosses the stockpile
bend at $174.61. All generators supplying at or below this cost will pay this amount per MW bid
throughout the hour and clear interest. This extraordinary shape explains why price spikes occur
amid extended periods of frightening popularity. Because the center reach is frequently gradual,

prices are usually consistent when demand is between 10,000 and 20,000 MW.
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Figure 3.4: For PV generating, the bid curve has an exponential structure.
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Supply and Demand for Electric Generation Capacity
with zero marginal cost for generators
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Figure 3.5: The marginal costs of the generators dictate the slope of the bid curve for CSP production.

Looking at that exact time and day in 2020 reveals that the asset mix has shifted over time.
Compared to the 2020 estimate, this earlier date suggests a more progressive increase. timeframe
indicates a more focused ascent between 6,000 and 10,000 MW. More atomic age,
Unpredictability in the price of combustible gas, which directly affects modest expenditures for
generators and changes the slope of the gas-ruled middle area of the curve, and the provision of
electricity at relatively low to no cost, may have contributed to this smoother bend.

3.4 PV-CSP DEMAND AND SUPPLY INTERACTION

The dissimilarities between the two curves highlight how the energy mix influences cost
outcomes. Pricing and price stability are directly affected by the supply curve's connection with
demand at various levels. Clearing price can rise even if demand stays the same if the price of
the generation to the left of demand rises above the clearing price and if the generation to the left
of demand exits the market. As a result, 1) 2) Any generation to the left of demand entering the

market causes a decline in the clearing price. 3. Any generation to the right of demand in which
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the price falls to a level below the clearing price. As a result of the second stipulation, renewable
resources like solar energy enter the market at a price of $0.00, which drives other offerings to
the right.

Modifications to the supply curve have a less evident influence due to fluctuations in demand,
which shift the point of intersection where the clearing price is found. All of the following must
hold true for our model's prediction that an increase in solar power will lead to a drop in the
clearing price: Solar has not caused any price increases for generators to the left of demand that
are higher than the clearing price, and no left-of-demand generators have departed the market as
a result. The CSP's role in forbidding anti-competitive behavior suggests that none of these
consequences occurs because of deliberate planning. As a result, the only thing that may cause
this is the inclusion of a solar generation feature that either raises the price of other production
below the clearing price or causes generation to cease below the clearing price. This is different
from the case when an external element was eliminated, leading to an increase in solar radiation
and one of the repercussions. For example, cold weather isn't considered, even though it can raise
mean solar output and, indirectly, the cost of natural gas generation due to higher demand for the
fuel as a heating source. However, no causal link exists in this case. In my method, I assume that
the growth in solar power does not cause any other changes in the price or production of other
generators.

3.5 ACCURACY BENCHMARK FOR RENEWABLE ENERGY

To approve the impact of boundary alteration on the exactness of the energy reproduction, Micro-
Grid is utilized to set precision norms. It involves measurable conditions for building energy
models and gives conversations and conditions on registering vulnerabilities for adjusted PC
models (miniature lattice). The accuracy standards for the models are tested even Despite the fact
that the research's energy models don't follow building-specific calibration guidelines and would

prefer a lower level of accuracy. The Root Mean Square Error (RMSE), which assesses how well
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the anticipated energy usage matches the actual one based on the monthly consumption, is one

of the two accuracy metrics employed.
3.6 CHANGING PARAMETERS FOR RENEWABLE ENERGY

This study looks at what happens to the accuracy of the simulation when the recommended input
settings are changed. Key inputs include the ventilation rate, the set-points and set-backs for
temperature and humidity, the equipment and occupancy schedules, and the equipment and
lighting load densities. All changes to the inputs are based on suggestions from the Micro-Grid
Standard, the CSP standards, the PV technical project, and the Simulation Century.

3.7 SET-POINTS FOR TEMPERATURE AND HUMIDITY

The temperature set-points and set-backs are a significant aspect that has an impact on how much
energy is used in hospital buildings. Temperature and humidity restrictions apply to generation
zones. For the generating zones, the set-point criteria for humidity and temperature were taken
from the CSP design guidelines. The CSP guide says that labs' set points must be kept in check
without the use of setback control software. This is because generating spaces in hospital
buildings are very sensitive to temperature and humidity and can only handle a small range of
conditions. In offices and auditoriums, where temperature and humidity needs are more flexible
than in research facilities, the program defaults for temperature and humidity are used.

Table 3.1: The CSP Design Manual's requirements for indoor design.

Season | Temperature °F (°C) | Relative Humidity (%)

Summer 13 £2 (23£1)

LA

=

H
A1

(s

(et

H
A

Winter 70 £2 (21£1)

Table 3.2: Program defaults used in places other than experiments for temperature and humidity.
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Season/Set-point Set-point Set-back Relative
Temperature °F Temperature °F Humidity (%0)
(°C) (°C)
Summer 75 (24) 82 (28) 10-90
Winter 68 (20) 50(10) 10-90

3.8 REAL RENEWABLE ENERGY DATA

Input from solar moves the bid curve to the right by the size of its amount since it bids in at $0.00
(or below down to -$150.00, the least permitted price). Given that, in terms of calculating the
clearing price, delivering at $0.00 is effectively equivalent to canceling demand, this is noticeably
comparable to decreasing demand by the same amount. Therefore, it should always suppress the
price if extra solar bids, as predicted, have no impact on the rest of the bid curve. Long-term
changes in supply composition might occur if generators leave the market as a result of being
priced out of the market and unable to maintain themselves through capacity fees, but because
there is a dearth of thorough data on generator departure, this effect is difficult to measure. The
price shift that results from the addition of 5,000 MW of solar power is shown by the separation

between the two curves in the graph below at the points when demand intersects them.
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4, RESULT

Since the clearing price is determined by the highest bidder, the price of electricity may increase
when there is more solar power on the market. The correlation between solar and conventional
power generation should worsen because of this adjustment. The total amount of energy offered
that day at a price greater than zero will allow me to test this hypothesis. A non-zero supply
represents generation that does not come from the sun because we cannot distinguish between
offers based on resource type. Nuclear power and other non-solar energy sources are out of the
running because they may receive no bids at all. Based on our research, it is unnecessary to adjust
the prices of the components that go into solar energy systems. The accompanying panel shows
that a positive but statistically insignificant coefficient rules out the possibility of manipulative
quantity removal. Due to the high expense of cooling down older plants, temperature has a
significant impact on the system's reserve (especially coal, oil, flammable gas, and atomic). It
costs more to produce the same amount of energy in warmer climates due to the higher expense
of cooling infrastructure, but the opposite is true in cooler climates. Using hourly ISO data on
day-ahead market energy offers and requests, | run a simulation in MATLAB to determine
clearing costs based on the convergence free from the stockpile bend with the appropriate hourly
interest if various measures of solar powered age were added to verifiable information hours. We
begin by analyzing the interest and energy rates offered to arrive at the hourly clearing cost. The
cost of extra solar energy is calculable; thus, I update the hourly stock bends to include 100 MW
solar offers (more fine-grained granularity makes the datasets too large to even consider handling
without providing a lot of additional data). To determine the current prices of each share, | re-
settle for stock interest convergence. Adding a second solar-based bid to find a solution is the
same as reducing interest: changing the bid amount to 1 MW in relation to the cost of obtaining
it from the new convergence free from organic market is the same as shifting the entire suggested
bend to one side. Instead of bending the stock at each tier, | just trim the request to make it more
manageable for the system. Modeling daylight was free. | don't add enough solar for the price to
increase over $0.00, therefore | leave the difference between bidding $0.00 and exercising
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negative bid. Substituting generators with higher and more favorable prices on the right side of
the bid curve explains much of the price shift. In the demand/supply curve's marginal generator
section, prices rise. When demand is flat, the clearing price is affected by the bid curve ("shift").
So, I don't think clearance rate changes affect demand. Over 65% of electricity rates consist of
wholesale market energy, however the relationship between daily wholesale market clearing
rates and residential energy prices is uncertain. Short- and long-term home power price elasticity
Is -0.192 and -0.325. (With distribution and transmission including the remainder). Since the
effect is usually minimal and the link between wholesale and residential pricing is uncertain, |
used inelastic ordering. This means price cutbacks may not be realized. Alternate generator
output won't vary, IMO. Long-term, however, a lot of new solar energy will be replaced by more
expensive options. Profitability in the capacity, daily, and real-time markets determines the
generator's exit. There isn't enough data on how rapidly people will leave to anticipate how other
generator supplies will shift in reaction to the increase in solar electricity. If above-ground solar
generators can't raise the exponential slope, prices can rise. If the most expensive generators are
never used, the price curve must be flat. Free convergence and hourly offering bows don't equal
hourly clearing costs. If we forsake the idea that it always grants legitimacy requirements, we

may observe alternative matrix demands, such as transmission needs.
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Figure 4.1: When comparing computed and real prices, the discrepancy is greatest.
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Figure 4.2: As actual price rises, estimated price falls.

The revised energy model includes measurable energy sum and design. The default model's
assumptions were untested. The default model's assumption was 52% below actual sustainable
use but duplicated eco-friendly power usage is 3.9% below metered limitless information. The
modified model yielded precise sustainability findings, with Solar at 10.99% and Wind at 9.90%.
The default model had sun-oriented at 57.16% and Wind at 57.20%. Micro-Grid data were
utilized to assess a reenacted model's purposeful changeability. The modified model is more
accurate for warming energy than sustainability, but not as much. Reconstructed sustainable
power use with changed inputs is 7.95% above actual metered information, 58.8% above the
default model's estimate. The suggested model has 83.18% Solar and 64.53% Wind compared to

the default model.

Depending on the demand and resource mix present at a particular hour, we run the simulation

and see quite varied amounts of price change. Due to the merit order curve's exponential
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structure, there are more abrupt and significant price declines as generation is added during peak
demand hours. The merit order curve (up to its intersection with demand) really has the same

form as the price change curve for additional solar when it is horizontally inverted. These images

show this:
ERCOT August day-ahead on-peak price, North Zone, August 2011 =
SMWh Cla
700
600
500
400
300
200
100 min and max pricein
August 2005-2010
|:|I I 1 I I I I I I I I I I 1 I I
] ] o L= ] ] ] o L= ] ] ] ] L= =] ]
= = = = = = = = = = = = = = = =
1T 4 4 4 4 £ 49 4 4 4 4 4 4 4 4 4
— 45 L [ (23] — 45 L [ (23] — [Af] L = [52] —
- = = = = ™ ot NN M

Figure 4.3: Price drops significantly with more solar during peak demand hours.
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Figure 4.4: Midsection of Bid Curve, Dominated by Comparably Priced Gas Generation, With an
Upward Slope Comparable to The Curve's Gradual Slope.
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Figure 4.5: Price stability at low demand despite increased solar production.
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I look at the size of price variations for different demand quintiles and the percentage of natural
gas that goes into system supply. Gas and solar will be New England's two main resources in the
future grid. This is determined by relapsing the impact of varying MW of extra solar power added
to the system Wm (under the amount sections r = [0, 1500], [1500, 3000], and [3000, 5000)) on
net cost change Pm under various levels of gas entrance g and demand d. The result is then
multiplied by 100 to give a better sense of the savings in additional large additions. This results

in coefficients that act the average impact of an increase in sunlight based on 43,800 seen hours.

To give a sense of prices as they were before additional solar was added, below is a table
summarizing prices at each of the demand quintiles that hours are sorted into, followed by the
results. Except for the italicized items, which are accompanied by their P-value, all of these

coefficients have P=0.00.

Several tendencies appear from evaluations of Solar's cost impact at varying expansion, demand,
and gas commitment levels. As low and medium (3,000 MW) solar base expansions grow, gas
admittance costs shift. Gas penetration raises low and medium augmentation costs. High interest
and expenditures increase gas supplies. A high gas share suggests demand was met at a location
with rising prices. Since prices have dropped in the bid bend, 3,000-5,000 MW increments don't
follow these patterns. High gas age and popularity may cause value losses. The most regrettable
coefficient is -$1.334 per 100 MW for gas entry at the top 1% of interest hours. Age composition
may affect these results. Higher gas infiltrations suggest other highly valued (and expensive)
assets are being used. If we anticipate that expensive generators will leave the market when solar
power increases, prices should adjust. If middle-curve generation exits the market instead of
marginal generation that clears prices, prices may not fall as much as projected. As indicated, the
fixed supply assumption shouldn't affect our conclusions if the margin generators leave. Long-
term, the assumption of entirely inelastic demand may not hold, meaning demand may increase
in response to lower prices caused by producing mix modifications. They are likely to be small
compared to other factors that could affect future demand, such as the rise of electric cars. As

solar power is weather-dependent, adding MW of solar generation capacity to the grid does not
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mean MW of solar energy is always available. The size of a turbine dictates how often and how
efficiently it functions, although a normal turbine generates power between 70% and 85% of the
time, depending on the sun's speed. Over 1,000 MW of further solar capacity would be added to
make 1,000 MW continuously available.

Generation Order Curve for PV-CSP

$mw

>
g— /'/

Low gas % Median gas %  High gas %
Mw

Figure 4.6: PV-CSP Supply and Demand are Shown in Red.

As solar and petroleum gas gradually dominate the age mix, the bid curve will lose its dramatic
peak and show a logarithmic structure, with a large period of $0.00/MW bids followed by a
steady stretch at the expense of flammable gas age. In this largely double-fuel worldview, prices

should remain stable, varying between two levels based on demand.

Perusing the consequences of the three contextual investigations, the change of the recognized
compelling boundaries significantly affects the energy expectations and produces outcomes for
PV and CSP that are very consistent with actual meter data. The analysis also showed that the

impact of these changes depends on how far away the age spaces impacted are from the general
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sustainable power region. The accuracy of the energy models is evaluated using a miniature grid

when the border is changed to include wind and solar powered sustainable energy sources.

The table shows that the upgrades in environmentally friendly power age are straightforwardly
connected with the level of age spaces. Albeit most zones in the structure have gone through
boundary change, the greatest effect on the energy results relates to the age spaces since they are
the most energy-escalated zones for the situation review, particularly with the extremely severe
warm control necessities. Marginal loss is a measure of how much the merit order procurement
process is hindered by transmission and reserve constraints. The cost of this is not reflected in

the wholesale price of energy.

Table 4.1: Price decline due to resource mix.
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Sources {1
Avraraoe
2 Coal 2 BT
{14.32)
e Hydro -0 434
(-1_4a)
%o Mucleasr -] 199
(-1.78)
. ) 10.41---
e Ol (3529]
e Fefiise -1.795
(-1_54)
T Solar -2.as7
(-0_40)
o W ind 1117
(1.a4)
Day-ahead demand ave. Q000869
(1.53)
3x446-
E-:rnsta.ut |:2_ T"':I-_.:l
Cthserations 1260

£ statisbics in parentheses

The price of losses at a network node clarifies the average system price. The network has
constraints. Maybe regime operators ignored the entitlement issue and chose a more expensive
generator to avoid the material network, driving up prices. Maximum temperatures reduce price
gap. Temperature extreme is the difference between average and 50 F. Congestion costs are

statistically negligible. Higher prices deviate more. Simulation pricing and historical system
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prices are connected 1:1. (regressing one price on the other produces a coefficient of 1.018). This
favorable relationship suggests that the reproduction’s validity request holds under usual settings.
Bid bends should remain the same, hence our predictions of net cost change from reproduction
should be accurate. If the solar age doesn't alter these violation of legitimacy demands, the
reenactment result should underrate net cost change, since the determined costs lean towards less

outlandish cost spikes than the true costs.
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5. CONCLUSION

The research recreated the immediate effects of expanded solar-oriented supply on the ISO day-
ahead power market using PV and CSP and studied the ramifications of several degrees of
additional sun-based available clearing cost, as shifting by interest and share of supply from
combustible gas. These have shown that the steepness of the far-right half of the bid bend
indicates that cost reductions are most noticeable when petroleum gas rates and interest levels
are high. By retracing the impact of each market cycle on genuine clearing costs, we were able
to see that these assets were being sought for in the authenticity request and had only marginal
effects on clearing costs. However, this is set to change as solar and wind power gradually
become the world's primary energy sources. Solar is the fastest growing asset on the planet thanks
to state-supported efforts, government sponsorships, tax advantages, and decreased innovation
costs at a time when minimizing electricity outflows is more important than ever. Energy reserve
money for the network will soon arrive as over 4,000 MW of expected solar extensions are
currently viable per 1ISO. Businesses in the United States are responsible for 60% of the country's
energy production and try to strike a balance between market interests and the needs of
consumers by inviting individual generators to submit proposals determining the amount and
cost of their asset. The United States currently gets 4.5% of its electricity from solar power, and
this number might rise to 35.0% by the year 2050. Sun-based electricity doesn't require any
additional fuel to produce because the turbines are run only on solar energy. Solar power is
competitive with coal, petroleum gas, hydropower, and nuclear electricity, even though it
requires more upkeep and costs more to operate. Using metered CSP data, the new energy model
determines energy totals and designs. According to CSP data, the default model's predictions
were far off. In contrast to the default model's assumption, the reenacted eco-friendly power use
with altered inputs was 52% less than actual sustainable consumption, and it was 3.9% less than
genuine metered limitless data. Using PV-CSP crossover model lists, we find that the

reconstructed model accurately depicts the variation in the original data, with Solar at 10.99%
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and Wind at 9.90%, while the combined model has a correlation of 57.16% between solar and

green power and 57.20% between solar and wind.
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