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Abstract: This study examines energy storage within the frameworks of production-side and consumption-
side energy storage concepts. The theoretical advantages of consumption-side energy storage over production-
side energy storage are initially discussed. Subsequently, the topic is supported by a simulation study, and the
resulting analyses are presented. The simulation investigates the feasibility and applicability of consumption-
side energy storage under varying conditions through diverse scenarios, incorporating economic analyses for
these scenarios. Furthermore, it evaluates the widespread impact of consumption-side energy storage when
adopted by 5M, 10M, 20M, and 40M consumers across separate scenarios. The widespread impact analysis
focuses on shifting peak-period energy consumption to night-period consumption. This shift’s effects on
reducing energy production requirements and alleviating transmission line loads are analyzed, along with the
economic advantages derived from deferring energy infrastructure investments. The analysis centers
exclusively on residential consumers, as a preliminary study, referring to the energy storage systems they
utilize as Residential Energy Storage Systems (RESS). These systems are assumed to be organized and managed
by Energy Provider Companies rather than individual consumers. The study also addresses the potential costs
associated with implementing RESS. The simulation-based widespread impact analysis highlights significant
outcomes: reducing the need for new power plants, mitigating the risk of overloading transmission lines,
shifting peak-period consumption to night periods, enhancing the utilization of renewable energy resources,
delivering economic benefits to energy providers and consumers, and achieving positive environmental
impacts. From these outcomes obtained, very striking inferences are produced that may affect the future energy
policies of many countries, especially the USA.

Keywords: energy storage; residential energy storage; Lithium Iron Phosphate batteries; LiFePO4
batteries; energy economy; energy planning; energy future; sustainable energy; renewable energy

1. Introduction

This article aims to highlight the substantial benefits that could be achieved through the
successful implementation and widespread organization of consumption-side energy storage. The
most significant of these benefits include limiting peak demand, eliminating overloading in energy
transmission lines, reducing the need for new power plants and transmission lines—thus deferring
necessary investments —and minimizing environmental harm.

Expecting consumers to independently organize widespread consumption-side energy storage
is not feasible under current conditions. However, this can be made viable through alternative
organizational models. The U.S. energy system employs various operational models, including
Vertically Integrated Utilities, Deregulated Markets, Municipal Utilities, and Cooperatives [1-5]. The
widespread organization of consumption-side energy storage could be facilitated by the relevant
subunit of Vertically Integrated Ultilities, retail energy providers (REP) in deregulated markets, or
suitable entities in other models. In this study, the entity responsible for organizing consumption-
side energy storage is referred to generally as an Energy Provider Company (EPC).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Achieving the widespread impact of consumption-side energy storage and realizing the
anticipated significant benefits primarily depends on analyzing the feasibility of energy storage
systems for consumers. To analyze this feasibility, this research is supported by a two-phase
simulation study.

In the first phase of the simulation, various scenarios are developed to address how energy
storage systems intended for consumer use can be organized and how their economic dimensions
can be managed. Economic analyses are conducted based on these scenarios, considering the
potential costs of energy storage systems and contributions from EPCs, consumers, external sponsors,
and the effects of grants and interest rates provided by external sponsors.

In the second phase, scenario-based analyses are performed to demonstrate the substantial
benefits that could be obtained in the event of significant widespread adoption of consumption-side
energy storage. These scenarios assume varying numbers of consumers using energy storage
systems—5M, 10M, 20M, and 40M. For each scenario, analyses are conducted on the amount of power
shifted from peak to night hours, the reduction in transmission line load, the decrease in energy
production requirements, and the resulting economic gains from deferred investments in new energy
infrastructure.

The simulation focuses on energy storage in residential areas within the context of consumption-
side energy storage, as peak-hours energy consumption in the U.S. is highest in residential sectors
[6-8]. The energy storage systems utilized in residential areas are referred to as Residential Energy
Storage Systems (RESS). The motivation for this study stems from the author's previous publication,
which emphasized that residential energy storage must be organized by Energy Provider Companies
rather than individual consumers to be a viable method [9].

It is well established that energy storage encompasses a wide range of types and applications.
Some energy storage systems contribute to the production side, while others provide benefits to the
consumption side. Studies on production-side energy storage are typically categorized in the
literature under terms such as "grid-scale" or "large-scale" energy storage [10-18]. Conversely,
research on consumption-side energy storage systems is generally found under the terms "user-side"
or "demand-side" energy storage systems [19-23]. When a widespread adoption of consumption-side
energy storage is achieved, it can substantially reduce energy consumption during peak hours. The
immense benefits targeted in this study largely derive from this reduction in peak consumption.
Therefore, this article classifies energy storage systems as either production-side or consumption-side
as a novel concept.

There is no specific study in the literature yet to classify energy storage systems in this way and
then compare these two classes. The reason for this gap can be explained by the fact that consumption
side energy storage systems are not used sufficiently and therefore a noticeable widespread effect has
not been formed. The biggest factor behind this situation is undoubtedly related to that these systems
are not profitable enough yet and cannot amortize themselves in a reasonable period of time [24]. As
a result, consumption-side energy storage applications are mostly limited to applications
emphasizing consistent and reliable energy needs.

On the production side, large-scale energy storage systems undeniably contribute significantly
to improving the efficiency of power plants and maintaining grid stability. However, in theory,
implementing energy storage on the consumption side—where consumers acquire storage systems
tailored to their needs—holds the potential for even greater benefits. Beyond the advantages listed
earlier, when energy outages occur due to reasons such as natural disasters, overloads or unexpected
failures, having energy storage systems in homes can provide significant benefits in terms of
preventing consumers from being victimized and protecting energy companies from compensation.
In addition, energy storage on the consumption side also prepares the necessary infrastructure to a
large extent for the widespread use of renewable energy. Because an energy storage system can be
transformed into a Solar Energy System by simply adding solar panels [25,26] and even into a
Microgrid system [27-30] if the necessary infrastructure is prepared.

Chapter 1 compares production-side and consumption-side energy storage, highlighting the
advantages of consumption-side energy storage. Chapter 2 delves into the fundamental
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characteristics of Residential Energy Storage Systems (RESS) within the consumption-side energy
storage concept. This chapter also explains why the simulation study excludes commercial and
industrial consumers. Chapter 3 evaluates the economic feasibility of RESS. Chapter 4 describes the
simulation's organization and the functions of its modules. Chapter 5 analyzes the simulation results
to underscore the importance of consumption-side energy storage.

In the conclusion section, the striking conclusions obtained from these analyses are listed under
the following headings and presented to the attention of the scientific world, energy companies and
the authorities that determine energy policies in the USA and other countries of the World.

e  Shifting energy consumption during peak hours to the night,

e  Preventing overloading of energy lines,

¢  Reducing the need for production plants,

e  Obtaining significant economic gains by postponing the required energy investments.

e More effective use of renewable energy sources,

e  Extra economic benefits that may arise for Energy Provider companies (EPC) and consumers,

. Environmental effects

2. Comparison of Production-Side and Consumption-Side Energy Storage

Production-side energy storage systems can be considered a different type of power generation
facility. Like other power plants, they rely on energy transmission and distribution networks to
deliver stored energy to consumers [31-35]. In contrast, consumption-side energy storage systems
are located within consumer premises, either avoiding the use of energy transmission lines entirely
or utilizing a limited local network [36—40]. Production-side energy storage systems generally involve
large-capacity systems, whereas consumption-side energy storage systems consist of numerous
small-capacity units. The capacity of a consumption-side energy storage system is tailored to the
consumer's energy consumption requirements.

The fundamental characteristics and benefits of production-side and consumption-side energy
storage are addressed separately below.

Energy storage on the production side increases the efficiency of power plants, ensures that
excess energy is stored and utilized, and maintains the stability of the energy network by contributing
to the increase in production when consumption increases [41-43].

When an energy production plant owner installs a large-scale energy storage system in addition
to the energy production plant, he can increase the efficiency of the power plant both physically and
economically. For example, short-term interruptions in solar and wind energy production plants are
prevented with the contribution of energy storage systems and the energy produced is made
continuous and stable [44-50]. The excess energy produced at night or the energy that would
normally be sold cheaply is stored to sold during the hours when energy prices are high, thus
increasing the efficiency of energy production plants economically [51,52]. All the applications
mentioned above have benefits in maintaining the stability of the energy system [53,54]. Especially
during peak hours when energy consumption increases a lot, the provision of energy to the grid by
large-scale energy storage systems in addition to energy production plants is an important benefit in
preventing grid collapses [55,56].

In consumption-side energy storage, the previously mentioned benefits, such as improving both
the physical and economic efficiency of power plants and enhancing the stability of the energy grid,
are already directly or indirectly present. Additionally, numerous other advantages discussed in the
introduction, such as reducing peak consumption, alleviating the load on energy transmission lines,
and postponing energy investments, can also be achieved. Among these benefits, a reduction in
environmental harm is also notable. By deferring new energy investments, the need for additional
land is reduced, which helps minimize the use of natural and agricultural areas for energy
production. As a result, this approach makes a significant contribution to the preservation of nature.
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Consumption-side energy storage enables consumers to store cheap nighttime energy
purchased from the grid or energy generated on-site, which can then be used during peak hours. This
reduces demand on power plants during peak hours and prevents overloading of energy
transmission lines [57,58]. In other words, since the need for new power plants and transmission lines
is determined by peak consumption levels, if consumers utilize stored energy during peak hours
instead of relying on the grid, the demand for new power plants and transmission lines is minimized.

Consumption-side energy storage systems come in varying capacities. For instance, if a
significant number of households store all the energy needed for daytime or evening peak hours
during nighttime, this process effectively shifts nighttime energy production to daytime
consumption. Such applications help utilize surplus energy produced at night more effectively.
Hydropower plants, geothermal power plants, and wind turbines can benefit significantly from this
advantage.

3. Consumption-Side Energy Storage and Residential Energy Storage Systems (RESS)

In this study, the analysis of consumption-side energy storage focuses on residential consumers,
with the energy storage systems installed in their homes referred to as Residential Energy Storage
Systems (RESS). Initially, commercial and industrial consumers were not prioritized for
consumption-side energy storage. The primary reason for excluding commercial areas is the decline
in consumption during peak hours in many commercial settings. Additionally, as commercial areas
mainly consist of stores and offices, finding suitable spaces for RESS installation may be more
challenging.

Industrial areas, however, present significant potential for consumption-side energy storage
applications. However, the energy storage systems in industrial areas need to be approached
differently from those in residential areas. This is because industrial consumers are generally high-
power users with direct access to cheaper energy.

The feasibility of implementing a RESS depends on energy prices and the system's cost.
Although the technology required for RESS is now sufficiently mature and can be considered
commonplace, and all functions required for the operation of a RESS can already be performed by a
smart inverter, it does not seem feasible to expect the implementation of RESS to be organized by
residential consumers. This is due to residential consumers lacking access to cheap energy, the ability
to acquire RESS systems at low costs, and sufficient knowledge on the topic. However, as proposed
in the author's previous study [9], if RESS deployment is organized by Energy Provider Companies
(EPC), significant benefits can be achieved for EPCs, residential consumers, and the national
economy. Furthermore, RESS could provide substantial advantages in overcoming temporary energy
crises caused by natural disasters or unforeseen failures. Humanity now lives in an era heavily
dependent on energy, and stored energy that ensures uninterrupted energy comfort has become a
critical factor.

According to the proposed concept, EPCs can make RESS feasible by storing cheap energy
obtained during night periods in RESS units installed in residential areas and selling this energy back
to residential consumers during peak periods at peak-period prices. This approach enables EPCs to
achieve approximately 62% higher profits than standard practices (Table 1). For this model to be
sustainable, EPCs allocate a portion of the additional economic revenue generated toward RESS costs,
share another portion with consumers hosting RESS units, and retain the remainder for themselves.
Alternatively, EPCs and consumers may seek support from external sponsors to facilitate this
organization.

The most critical and costly component of a RESS device is the battery. The battery's cost and
lifespan directly impact the feasibility of RESS. While various battery types can be used in RESS
applications, the most suitable alternatives are Lithium-Ion (Li-Ion) and Lithium Iron Phosphate
(LiFePO4) batteries. Comparing these two types, Lithium Iron Phosphate (LiFePO4) batteries are
more favorable for RESS applications in terms of both cost and cycle life. Thus, this simulation study
uses LiFePO4 batteries.
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Table 1. Energy prices and profits of EPCs during different periods.

Period Wholesale Price Retail Price Average Profit
Daytime $20-$40 per MWh 10-15 cents/kWh 5-10 cents/kWh

Current Peak $50-$150 per MWh (5 cent-15 cent per 15-30 cents/kWh 10-15

.. kWh) cents/kWh
Application $15-$30 per MWh (1.5 cent-3 cent per
Night P ' P 8-12 cents/kWh 5-8 cents/kWh
kWh)
RESS Peak e VI -1 — 15-30 cents/kWh 20.25
Application  Night oUper k\/\(/h.) cetto cent pet - cents/kWh

The daily amount that a Res Consumer pays to an EPC is 11.8 * 22.5 cents = $2,655. The EPC receives 11.8 * 12.5
cents = $1,475 in daily income from this Residential Consumer. Thanks to the RESS system, EPC earns 11.8*20.25
cents = $2.39 daily from Res Consumer. Thanks to RESS, EPC earns $2.39-$1.475 = $0.915 extra daily income from
Res Consumer.

Based on the cycle life of LiFePO4 batteries, agreements between energy provider companies
and residential consumers who agree to use RESS are expected to last 10-12 years. This duration
aligns with the average lifespan of LiFePO4 batteries, which ranges from 2,000 to 10,000 cycles,
assuming one charge-discharge cycle per day. EPCs require this critical duration to generate
sufficient revenue to cover RESS costs and achieve the desired economic benefits. Although the
energy density of LiFePO4 batteries is not as high as Li-Ion batteries, finding enough space for
batteries in residential areas is not as critical an issue as it is in electric vehicles. Additionally, LiFePO4
batteries are more attractive for RESS applications due to their lower costs, longer lifespan compared
to Lithium-Ion batteries, lower risk of explosion, and reduced environmental impact [59-62].

4. Economic Analysis of the Applicability of RESS

The number of years it will take for a RESS to pay for itself depends on the daily consumption
amount, energy prices and the production cost of the RESS device. RESS usage does not seem
economically viable for consumers with very low consumption power. However, when we look at
the statistics, the average electrical energy consumption in the peak period for consumers in
residential areas in the USA is 11.8 kWh [6-8,65]. This amount is sufficient for RESS application.

In Table-1, considering the average energy purchase and sale prices in the USA, it is seen at what
prices an Energy Providing Company (EPC) buys electrical energy from producers during the day,
night and peak periods and at what price it sells to consumers and how much profit they make on a
daily basis. In Table-1, the daily average energy consumption amount for residential consumers is
also seen. Although these data may vary depending on grid areas, seasons, and special circumstances
in the USA, they can provide an idea of the applicability of a RESS [66-68].

Based on the data in Table 1, an EPC that purchases energy at nighttime rates, stores it in a RESS,
and sells it during peak periods achieves an average profit margin 62% higher than their normal
margin. If this practice continues for the lifespan of the LiFePO4 batteries used in the RESS, which is
approximately 10-12 years (4380 days), the financial outcomes over a 12-year RESS agreement are
summarized in Table 2.

Table 2. Financial outcomes of EPCs with RESS integration over a 12-year period.

Application 12 years (4380
Economic profit rates of EPCs Daily
Type days)
The daily and 12-year amount a Res Consumer pays to an $2.655 $11,629
Normal EPC
Operations The income that an EPC receives from a Res Consumer ona $1.475 $6,461

daily basis and over a 12-year period
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The income that EPC receives from Res Consumer on a daily ~ $2.39 $10.468

RESS basis and over a 12-year period.
Operations Total amount of extra income earned by EPC daily and for 12 $10,468 - $6,461 = $4006
years (accepted as $4000)

Note: Inflation and the time value of money are excluded from these calculations.

Another important factor affecting the feasibility of RESS (Residential Energy Storage Systems)
is the potential cost of the devices. The main components of a RESS include LiFePO4 batteries,
inverters/chargers, switching systems, cooling fans, necessary measurement components, displays,
and essential metal parts. Among these components, LiFePO4 batteries and inverters/chargers are
undoubtedly the most expensive.

According to recent market statistics, LiFePO4 battery prices are expected to drop below $75 per
kWh by 2030 [69-71]. Considering the high-volume purchases anticipated for RESS applications, a
price of $70/kWh for LiFePO4 batteries can be assumed.

Inverter/charger prices vary depending on their power ratings and estimated usage duration.
For a 5 kW inverter/charger with an expected service life of 12 years, the average market price in bulk
purchases ranges between $1000 and $2500. However, it is more appropriate for inverters/chargers
in RESS systems to be integrated as embedded units within the system rather than standalone
devices. Therefore, lower prices than those mentioned above are possible. Additionally, given the
high number of RESS units expected to be deployed over the long term, bulk purchasing of materials
will likely result in significant cost reductions. As a result, the cost of an inverter/charger is estimated
at $800.

The remaining budget for switching systems, cooling fans, necessary measurement components,
displays, essential metal parts, miscellaneous components, and labor can be set at $700.

Thus, the total cost of a RESS with a storage capacity of 10-15 kWh and an inverter power rating
of 5 kW is expected to range between $2200 and $2500. For instance, as shown in Table-3, a calculation
based on the daily average energy consumption of a residential consumer during peak periods (11.8
kWh) yields a RESS cost of $2420, which falls within the $2200-$2500 range.

For consumers with higher consumption than the average, the profit margins presented in Table
2 also increase, making higher RESS costs manageable. Additionally, since the costs of components
like switching systems, fans, measurement tools, displays, metal parts, and labor expenses do not
vary significantly, there may be partial economic advantages. However, the same cannot be said for
consumers with low power consumption. For these users, the high cost of RESS remains significant
compared to the lower profit margins. Therefore, it would be more suitable to propose RESS
applications for residential consumers with peak-period consumption exceeding 10 kW.

Based on Table 2, a RESS generates $4000 additional profit over 12 years. Table 3 shows an
average RESS cost of $2420, indicating that these profits can comfortably cover the system's cost. To
ensure sustainability, profit-sharing between residential consumers and EPCs is recommended. Even
if consumers see no direct financial benefits, uninterrupted energy supply remains a significant
advantage. Offering residential consumers, a 5%-10% discount on bills for adopting RESS could
make the system more attractive and sustainable. Simulations suggest discounts in the bills could
range from 0% to 13%, depending on different scenarios.

For consumers with higher consumption than the average, the profit margins presented in Table
2 also increase, making higher RESS costs manageable. Additionally, since the costs of components
like switching systems, fans, measurement tools, displays, metal parts, and labor expenses do not
vary significantly, there may be partial economic advantages. However, the same cannot be said for
consumers with low power consumption. For these users, the high cost of RESS remains significant
compared to the lower profit margins. Therefore, it would be more suitable to propose RESS
applications for residential consumers with peak-period consumption exceeding 10 kW.
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Table 3. Component costs of a RESS system.

RESS Components Total Price Explanation
LiFePO4 Battery 920% for 13.11 kWh
Inverter/Charger 800% for 5SkW

Other components: 700%

Switching system, cooling fans, necessary measuring
components and displays, necessary metal parts and
installation
Total price 2420%

Based on Table 2, a RESS generates $4000 additional profit over 12 years. Table 3 shows an
average RESS cost of $2420, indicating that these profits can comfortably cover the system's cost. To
ensure sustainability, profit-sharing between residential consumers and EPCs is recommended. Even
if consumers see no direct financial benefits, uninterrupted energy supply remains a significant
advantage. Offering residential consumers, a 5%-10% discount on bills for adopting RESS could
make the system more attractive and sustainable. Simulations suggest discounts in the bills could
range from 0% to 13%, depending on different scenarios.

5. Simulation of Energy Storage in Residential Areas and Widespread Impact Analysis

5.1. Objective of the Simulation:

The objective of this simulation is to generate various outcomes based on different scenarios to
analyze the potential benefits for both EPCs (Energy Providing Companies) and consumers when
energy storage systems are installed in residential areas. Additionally, the simulation aims to
evaluate the possible national benefits resulting from the widespread impact created when the
number of such systems reaches the desired level.

5.2. General Data Used in the Simulation:

5.2.1. General Information About Electric Consumer Accounts:

Table 4 presents the number of electricity consumers in the United States, along with the average
energy consumption and power data for residential consumers during peak periods (with the
assistance of ChatGPT). [72-74].

Table 4. Number of consumers.

Consumer Type Number of Consumers
Residential area 128 million
Commercial area 20 million
Industrial area 800,000
Total number of consumers 154 million

Daily average peak period consumption for residential consumers: 11.8 kWh. Daily average peak period power
for residential consumers: 2.625 kW.

5.2.2. General Information About Electric Consumer Accounts:

Table 5 presents the production and consumption data in the United States, both in aggregate
and for each grid area separately. It also includes data on daytime, peak, and nighttime consumption
by residential, commercial, and industrial consumers (with the assistance of ChatGPT). [63,75]. The
table reveals a high degree of similarity in the production-to-consumption ratios across the grid areas
in the United States, indicating that RESS analysis results can be generalized nationwide.
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Table 5. Average power generation and consumption in the United States.

Generation Power (GW) General WECC MRO ERCOT SERC RF NPCC
Daytime (670 GW) 150 GW 95 GW 80 GW 120 GW 140GW  85GW
Peak Period (730 GW) 170 GW 100 GW 90 GW 130 GW 150 GW 90 GW
Nighttime (590 GW) 110 GW 90 GW 75 GW 110 GW 130GW  75GW

Consumption Power (GW)

Daytime (Total): 667.5 GW

Residential: 260 GW 57.5GW  375GW  325GW 475GW  525GW  325GW
Commercial: 240 GW 57.5GW  325GW  275GW 425GW  475GW  325GW
Industrial: 167.5 GW 35 GW 27.5GW  225GW 275GW  375GW 175GW
Peak Period (Total): 730 GW

Residential: 290 GW 60 GW 40 GW 40 GW 55 GW 60 GW 35 GW
Commercial: 270 GW 55 GW 35 GW 35 GW 50 GW 55 GW 35 GW
Industrial: 170 GW 40 GW 27 GW 225 GW 30 GW 40 GW 17 GW
Nighttime (Total): 440.2 GW

Residential: 165.2 GW 27.7GW  225GW  225GW 325GW  375GW 225GW
Commercial: 155 GW 27.5GW  225GW  175GW 325GW  325GW  225GW
Industrial: 120 GW 225GW  175GW  175GW 225GW  275GW  125GW

5.2.3. Energy Prices, RESS Costs, and Economic Return Criteria

The energy prices, RESS costs, and economic return criteria used in the simulation are drawn
from the detailed discussion in Chapter 4. Inflation and the time value of money over the years have
been disregarded in these calculations.

5.2.4. Scenarios and Calculations for Widespread Impact Analysis

For the widespread impact analysis, it is assumed that RESS adoption will progress
incrementally, starting with 5 million consumers, then reaching 10 million, 20 million, and finally 40
million consumers. With 130 million residential consumers in total, 40 million represents 30% of the
total consumers on average. [76-78].

5.2.5. Determination of Load Capacity on Energy Transmission Lines and Future Projections

The current average peak period consumption is approximately 730 GW, resulting in an average
90% load on key transmission lines (with the assistance of ChatGPT) [65,79-81]. Based on this data,
the maximum capacity of key transmission lines is set at 812 GW. To better evaluate the widespread
impact of RESS, it is assumed that this critical load level will increase by 10-11% in the coming years,
reaching 900 GW. This increase is projected to occur in approximately 13.66 years (with the assistance
of ChatGPT) [82,83].

5.2.6. Economic Data on Energy Production and Transmission Investments

When general data on transmission line investments in the United States and previously
constructed projects are examined, a generalization can be made as seen below [63,84-89].

Energy production investment per 1 GW: $600 million, requiring 1 year.

Energy transmission capacity increase per 1 GW: $300 million, requiring 2 years.
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5.3. Functions of Simulation Modules (Parts)

5.3.1. Part-1

This part calculates the number of consumers and their average consumption power during
peak periods for residential, commercial, and industrial areas (Figure 4.1). The total consumption
power is calculated by multiplying the average consumption power per consumer by the number of
consumers and then converting the units from kW to GW. Scenarios for future years are generated
by adjusting the average power per consumer and the number of consumers. Additionally, the "Rate
of Increase in Total Consumption” coefficient can be directly modified to adjust total consumption
figures.

PART-1: AVARAGE CONSUMPTION, NUMBER OF CONSUMER and TOTAL CONSUMPTION IN PEAK PERIOD FOR
RESIDENTIAL, COMMERCIAL AND INDUSTRIAL AREAS

24 »—__ [PP_RES_AREA C_P] | <PP_RES_AREA_P)

RESIDENTIAL Area _ Peak Prd_Average power cons per consumer (kW)

[130000000 } > /1000000 N 374.40]

The Number of The RES AREA C
b Bl i) Divita  Peak Prd RES AREA Total Consumption Power (GW)

A
*

10 —PP_COMM_AREA_P

COMMERCIAL Area Peak Prd average power cons per consumer (kW) L

> x /1000000 N 264.00]
22000000 >
The Number of The COMM AREA Consumer Divib Peak Prd COMM AREA Total Consumption Power (GW)
200 [PP_IND_AREA_P|

INDUSTRIAL Area Peak Prd average power cons per consumer (kW) L

[ #14000 } x /1000000 [ 19534

The Number of The COMM AREA Consumer1

Divic Peak Prd IND AREA Total Consumption Power (GW)

12

Rate of i in total const ion (%)

Figure 4.1. Total consumption calculation for different consumer types.

5.3.2. Part 2-3

The applicability of RESS depends on energy prices and the cost of RESS. In Part-2 (Figure 4.2a),
energy prices and the daily amount of money paid for energy by a Residential consumer with an
average consumption power according to these prices, and the average daily economic gain obtained
by EPCs from a consumer with an average consumption power are considered. In addition, the daily
extra economic income obtained by EPCs when they use the RESS system and buy electricity at night
price and sell it at day price is calculated. Using this information and assuming that the average life
of LiFePO4 batteries is approximately 12 years, Consumers' Bill for Peak Period, Conventional
Annual Revenue of EPC for Peak Period, Annual Revenue of EPC for Peak Period with RESS
Application, Total Profit of the EPC for the RESS Application values are calculated. The Total Profit
of the EPC for the RESS Application value is accepted as the highest possible profit amount and this
value is used as a reference value in calculating other profit rates.
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PART-2: DAILY WHOLESALE / RETAIL ENERGY PRICES FOR DAYTIME, PEAK PERIOD AND NIGHT PERIOT DAILY PROFIT FOR RESS

Wholesale Price - Daytime ($/kWh) Dailiy Profit of EPC- Daytime ($)

Consumers' Dale Peak Period 'Bill($)

Daily Peak Consumption (KWh)-

=

Avarage Energy Consumption for each Consumer (kWh)

Dailiy Ordinary Profit of EPC- Peak (S/kWh)®

Retail Price (Consumer) - Daytime ($/kWh) Daytime Period consumption (kWh)

[PP_RES_AREA_C_P]

DURATION OF THE PEAK PERIOD (h)

<
Wholesale Price - Peak ($/kWh) ::D_

]

Retail Price (Consumer) - Peak (S/kWh) x c1
T CI
5

DAILLY RESS PROFIT of EPC ($/kWh)

I
I

11826.00
Consumers'Bill for Peak Period ()

Convensional Annual Revenue of EPC for Peak Period ($)

F

F

Wholesale Price - Night ($/kWh)

Retail Price (Consumer) - Night ($/kWh)1 Night Period consumption (kWh) Total Profit of the EPC for the RESS Application($)
Figure 4.2a. Some calculations for RESS.

In Part-3, an estimated RESS cost is calculated by taking into account the prices of the
components that make up the RESS (Figure 4.2b). The RESS cost is a criterion that significantly affects
the attractiveness of the RESS application. For this reason, the factors that affect the RESS cost are also
added to the simulation. Thus, it is analyzed how the changes in the RESS cost affect the economic
gains of EPCs and Residential consumers.

Since the Dept of the Discharge (DoD) rate in LiFePO4 batteries varies between 85%-95% on
average, the DoD rate is accepted as 90% in the simulation and the calculated LiFePO4 battery
capacity is multiplied by the coefficient 1.11.

Part-3 also includes scenarios on how organizations can be made to cover the RESS costs. How
each scenario affects the profit rates of the EPC and the consumer is analyzed. The results of different
scenarios are shown in Table-6. The profit rate of the EPCs is kept 20% higher than the profit rate of
the consumers. Because even if the consumers do not have any economic gain, the continuous energy
comfort they will obtain thanks to the RESS application is accepted as a separate gain. The highest
profit rate for the EPC and the consumer is seen when they receive full support in the form of a grant
from the external sponsor for the RESS cost. Even if the grant rate is reduced to 50%, higher profit
rates are obtained compared to the other scenarios. The External Sponsor can be government support
or a financial institution.

PART-3:CALCULATION OF RESS PRODUCTION COST AND DETERMINATION OF PROFIT RATES FOR A 12-YEAR RESS IMPLEMENTATION PERIOD

w ) J|> ~I 13.32) c2) RESS_Cost
RESS_Reimb Zacri,

Daily Peak Consumption (kWh)  DoD for Li-lon Battery (%) | Needed Daily Energy Storage (kWh)

!

RESS Cost Reimbursement
EPC_Extra_Profit

!

EPC_Profi 12474

Li-lon Battery Price ($/kWh)

SkW Inverter Price ($) ESTIMATED RESS COST (§)

Price of the other components ($)

<
=

EPC_RESS_CCR TOTAL EPC PROFIT
EPC RESS Cost Coverage Ratio (%)

CONS_8ill 4 EPC_Prit_Ratio

T
A

INCREASE RATION AT EPC PROFIT (%)

30 CONS_RESS_CCR

393.84
Consumer RESS Cost Coverage Ratio (%) CONS_Profit

TOTAL CONSUMER PROFIT

RESS_Activation]

EXTRNL_SPR_RESS_CCR

RESS Cost Coverage Ratio for External Sponsor (%)
COST_Bil_Rdctn_Rate 333
EXTRNL_SPR_RESS_C_Grant_R

REDUCTION RATIO AT CONSUMER's BILL (%)

GRANT Ratio by External Sponsor for RESS Cost%)

Figure 4.2b. Scenarios for RESS organization.

The government grant can be 100% or partial grant. In scenario-4, it is assumed that a financial
institution that covers the RESS cost receives back the capital it invested with 20% interest. In


https://doi.org/10.20944/preprints202412.1415.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 December 2024 d0i:10.20944/preprints202412.1415.v1

11

scenarios 7-8 and 9, different options produced by the EPC and the consumer to cover the RESS cost
with their own means and the profit rates they obtain for these options are seen (Table 6).

Table 6. Organization scenarios that can be done to cover the RESS cost.

Cost External Sponsor
Cost Increase Redaction
Coverage
Coverage Ratio at Ratio at
Scenario Ratio for Contribution  Grant/Interest
Ratio for EPC EPC Profit Consumer’s
Consumer Ration (%) Ratio (%)
(%) (%) Bill (%)
(%)
1 0 0 100 100 Grant 60 13.78
2 0 0 100 50  Grant 42.09 9.66
3 0 0 100 0 Grant 24.17 5.55
4 0 0 100 (-10) Interest 20.59 4.72
5 20 60 40 0 22.56 8.88
6 25 25 50 50 33.13 7.60
7 100 0 0 0 40.29 0
8 70 30 0 0 30.62 3.33
9 0 100 0 0 8.05 11.1

5.3.3. Part-4

The number of consumers using RESS, the total power of RESS, the rate of RESS application
affecting the Peak Period and Night Period consumption are discussed in this part.

In the simulation, the average consumption power of consumers in residential areas is assumed
to be 2.4 kW. The energy capacity of a RESS that can provide this power during a 5-hour peak period
is also found as 13.32 kWh in Part-3. However, since the rate of RESS affecting the total power (GW)
in peak and night periods and the rate of affecting the total load (GW) of power lines are discussed
in this part, the average power value (kW) is used instead of the amount of energy stored by RESS.
Instead of converting the power of RESSes from kW to GW, this value is entered as one in a million
when the number of RESS users is entered into the simulation, so the result is again found in GW.

The number of Residential consumers using the RESS system and the total power obtained
depending on this number (in GW) are given in Figure 4.3. In addition, how much the consumption
power in the daytime period decreases and how much the nighttime period power increases thanks
to the RESS connected to the energy system is calculated in this part both in quantity and in ratio
(Figure 4.3).
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RESS APPLICATION ON PEAK PERIOD AND NIGHT PERIOD CONSUMPTION

otal_RESS_Power]

Peak/Night hours

Night period Energy Consumption (GW)

Multiplier

PP_RES_AREA P[>

otal_RESS_Power]

Peak Period Energy Consumption Power Drop Amount (%) thanks to RESS

Figure 4.3. Shifted power amounts and rates from peak hours to night hours depending on RESS
usage.

5.3.4. Part-5

Night Period Energy Consumption Power increase Amount (%) thanks to RESS

In this part, the reduction in the production power and the loading rate on the energy lines and
the savings obtained in energy investments are shown accordingly (Figure-4.4). The investment

amount required to increase the capacity of the energy lines by 1 GW is accepted as $300M and the
required time is accepted as 2 years. The investment required for a 1 GW increase in energy
production is accepted as $500M and the time is accepted as one year. Thanks to this part, how RESS

affects investments in the near future is analyzed.

PART-5: NEEDED INVESTMENT AND TIME FOR NEW TRANSM ISSION LINES AND POWER PLANTS
800 | W

Divider-c

104.

Maximum capacity of power lines for 2024 (GW)

Loading rate on Energy Lines (%)
PP_RES_P_AFTER_RESS]

858.8

+

PP_COMM_AREA_P
PP_IND_AREA_P]

J

A

Total Losses-Peak Needed Generation Power for Peak Period (GW)

[NP_RES_P_AFTER RESS] ——-

| M
3 +
‘ ) > 170.2
0.95 Total Losses -Night Generation Power Required for Night Period (GW)
Total Losses-Peak1

Increased Power Amount (GW)

V

—4

A
©
@®

;|
3

29.63]

\

Needed Investment for the New Transmission Lines (Billion $)
Year Multiplier for Tr Lines

02>

Needed Year for the New Transmission Lines Setting (Year)

Needed Investment for Transmission Lines pef [SW (billion $)

49.39

Needed Investment for the New Power Plants (Billion $)
Year Multiplier for Power Plants

b 9.88

Needed Year for the New Power Plants Setting (Year)

A

Needed Power Plant Investment per GW ($Billion)

]

79.02

NEEDED TOTAL INVESTMENT (Billion $)

A

Figure 4.4. Economic gains due to reduction of consumption in peak period.
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6. Analysis of Simulation Results

Simulation results are presented in Table 6, Table 7 and Table 8 according to three scenario
groups. The changes made in each scenario group are explained at the top of the tables.

Table 6. First group scenarios.

Scenarios: Sc-1a, Sc-1b, Sc-1¢, Sc-1d, Sc-1e

Average Peak Pd Consumption/per consumer: 2.4 kW, The Number of the Residential Area Consumer: 130

million
Increase rate in total consumption: 0%, The number of the RESS user is increased as 0 — 5M — 10M -
20M - 40M
Power values (GW) and Ratios (%) Sc-la  Sc-1b Sc-1c Sc-1d  Sc-1e
Peak Pd Energy Consumption Power for Residential 312.00 300.00 288.00 264.00 216.00

Consumers (GW)

Amount of decrease in Energy Consumption Power during 0.00 3.86 7.692 15.38 30.77

Peak Period for Residential Consumers (%)

Night Pd Energy Consumption Power for Residential 1652 1719 1785 1919 2185
Consumers (GW)
The amount of increase in the energy consumption power 0.00 4.04 8.07 16.14  32.28

during the night period for Residential Consumers (%)

Loading rate on Energy Lines (%) 86.85 8535 83.85 80.85 74.85
Total Generation Power Required for Peak Period (GW) 7156 7033 6909 666.2  616.8
Total Generation Power Required for Night Period (GW) 170.2 1770 1839 1976 2251
Increase in Power Quantity (GW) 0.00 0.00 0.00 0.00 0.00

Needed Investment for the New Transmission Lines (Billion 0.00 0.00 0.00 0.00 0.00
$)
Needed Year for the New Transmission Lines Setting (Year) 0.00 0.00 0.00 0.00 0.00

Needed Investment for the New Power Plants (Billion $) 0.00 0.00 0.00 0.00 0.00
Needed Year for the New Power Plants Setting (Year) 0.00 0.00 0.00 0.00 0.00
Needed Total Investment (Billion $) 0.00 0.00 0.00 0.00 0.00

According to the first group scenarios presented in Table-6, as the number of consumers using
RESS in Residential areas increases, the peak period consumption power decreases by 30.77%, while
the night period consumption increases by 32.28%. In other words, approximately 30% of the peak
period consumption power in Residential areas is shifted from the peak period to the night period.
This change causes the required energy production power in Peak Period to gradually decrease from
715.6 GW to 616.8 MW. This situation causes a total decrease of 13.8% in energy production and 12%
in the loading of power lines.
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Table 7. Second Group Scenarios.

Scenarios: Sc-2a, Sc-2b, Sc-2¢, Sc-2d, Sc-2e
Average Peak Pr. Consumption/per consumer:2.4 kW, The Number of the Residential Area
Consumer:130 million
Increase rate in total consumption: 0%, The increase rate in total consumption is increased as 0% -
10% - 15% - 20%

Power values (GW) and Ratios (%) Sc-2a  Sc-2b  Sc-2¢  Sc-2d  Sc-2e
Peak Pd Energy Consumption Power for Residential ~ 312.00 343.20 358.80 374.40 312.00
Consumers (GW)

Amount of decrease in Energy Consumption Power 0.00 0.00 0.00 0.00 0.00
during Peak Period for Residential Consumers (%)
Night Pd Energy Consumption Power for Residential 1652 165.2 1652 1652  165.2
Consumers (GW)

The amount of increase in the energy consumption 0.00 0.00 0.00 0.00 0.00
power during the night period for Residential

Consumers (%)

Loading rate on Energy Lines (%) 86.85 9553 99.88 1042 86.85
Total Generation Power Required for Peak Period 7156 7872 823 8588 715.6
(GW)
Total Generation Power Required for Night Period 1702 1702 1702 1702 170.2
(GW)
Increase in Power Quantity (GW) 0.00 2721 6299 9877  0.00
Needed Investment for the New Transmission Lines 0.00 816 1890 29.63  0.00
(Billion $)
Needed Year for the New Transmission Lines Setting ~ 0.00 544 1260 1975  0.00
(Year)
Needed Investment for the New Power Plants 0.00 13.60 3150 4939  0.00
(Billion $)
Needed Year for the New Power Plants Setting (Year)  0.00 2.72 6.30 9.88 0.00
Needed Total Investment (Billion $) 0.00 21.77 50.39 79.02 0.00

According to the second group scenarios presented in Table-7, it is seen how much the increase
in consumption in the Peak Period in Residential areas in the coming years will probably increase
energy production and how much extra load will occur on energy lines. In addition, the estimated
budget amounts to be allocated for new energy production plants and energy transmission lines and
the estimated durations required depending on these increases are seen.

The second group scenarios are prepared to show the advantages that the third group scenarios
will provide. In the second group scenarios, it is seen how the new investment needs arising from
new energy plants and new energy transmission lines can be reduced and accommodated depending
on the use of RESS in the next scenario.
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Table 8. Third Group Scenarios.
Scenarios: Sc-3a, Sc-3b, Sc-3¢, Sc-3d, Sc-3e
Average Peak pr. Consumption/per consumer:2.4 kW, The Number of the Residential Area
Consumer:130 million
Increase rate in total consumption: 20%,  The number of the RESS user is increased as 0 -5M —
10M - 20M - 40M
Power values (GW) and Ratios (%) Sc-3a Sc-3b  Sc-3¢ Sc-3d  Sc-3e
Peak pd Energy Consumption Power for Residential =~ 374.40 362.40 350.40 32640 278.40

Consumers (GW)
Amount of decrease in Energy Consumption Power 000 3205 641 1282 25.64

during Peak pd for Residential Consumers (%)

Night pd energy consumption power for residential 1652 1719 1785 1919 2185

consumers (GW)

The amount of increase in the energy consumption 0.00 4.04 8.07 1614 32.28
power during the Night Pd for Residential
Consumers (%)
Loading rate on Energy Lines (%) 1042 1027 101.2 9822 9222
Total Generation Power Required for Peak Pd (GW)  858.8 8464 834.1 8093 759.9
Total Generation Power Required for Night Pd (GW) 1702 177.00 1839 197.6 225.1

Increase in Power Quantity (GW) 98.77 8641 7405 49.33 0.00

Needed Investment for the New Transmission Lines ~ 29.63 2592 2222 14.80  0.00
(Billion $)

Needed Year for the New Transmission Lines Setting ~ 19.75  17.28 14.81  9.87 0.00

(Year)

Needed Investment for the New Power Plants 4939 4321 37.03 2467 0.00
(Billion $)

Needed Year for the New Power Plants Setting (Year)  9.88 6.64 7.41 493 0.00

Needed Total Investment (Billion $) 79.02 69.13 5924 3947  0.00

In the third group scenarios, the consumption power is increased by 20%. Accordingly, it is seen
that the 2024 energy production capacity determined as 800GW is 98.77GW more than normal and
the existing energy lines are insufficient.

Assuming that the annual growth rate changes by 1%-1.5 [90,91], it is estimated that the higher
consumption amount of 20% mentioned in the simulation will be reached within 15-20 years. The
time required for the construction of the energy transmission lines needed in the simulation is found
to be 19.75 years. The budget to be allocated for the new energy transmission lines that need to be
established to carry the 98.77GW consumption increase in question is found to be 29.63 billion.
Similarly, it is seen that a period of 9.88 years and a budget of 49.39 billion are needed for energy
production plants. (These calculations ignore the value that money will lose over the years due to
inflation).

In the third group of scenarios, the number of Residential consumers using RESS is gradually
increased to 5M, 10M, 20M and 40M, and it is seen that the need for new energy transmission lines
and energy plants decreases at each stage, and accordingly, the costs to be spent decrease and the
time required for installation also decreases. When it is assumed that 40M Residential area consumers
use RESS, it is seen that a 20% increase in energy consumption can be absorbed.
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7. Conclusions and Planned Studies

This paper aims to highlight the immense economic benefits that can be achieved by successfully
implementing consumer-side energy storage and reaching 40 million consumers to create a
widespread impact. The simulation developed for this purpose consists of two main sections:

In the first section, scenario-based analyses demonstrate how consumer-side energy storage,
which is not typically economically viable, can become feasible through various organizational
strategies. These analyses consider electricity prices, the costs and lifetimes of potential storage
systems, possible organizational options, and estimated economic benefits for both consumers and
EPCs (Energy Providing Companies). The focus is on consumer-side energy storage systems in
residential areas, referred to as RESS (Residential Energy Storage Systems).

The second section conducts a widespread impact analysis. In these analyses, it is assumed that
the number of RESS users gradually increases to 5 million, 10 million, 20 million, and finally 40
million. For each scenario, the following metrics are calculated:

The amount of power shifted from peak periods to nighttime.

The reduction in load on energy transmission lines.

The decrease in energy production requirements.

Additionally, the potential economic gains and time savings associated with deferring the need
for new energy generation plants and transmission lines are analyzed.

The conclusions derived from analyzing the simulation results are listed below. This is followed
by a discussion of how consumer-side energy storage can be implemented and an overview of further
studies planned as a continuation of this work.

7.1. Conclusions Derived from the Simulation Results

a) While the organization of RESS applications by consumers alone is not economically feasible,
the applications become viable when organized by EPCs. Simulation results demonstrate that RESS
applications can provide additional economic benefits for both EPCs and consumers, making the
systems both feasible and sustainable.

b) In addition to economic benefits, the advantage of having stored energy can significantly
enhance living comfort for consumers. Energy storage systems can minimize consumer grievances
caused by power outages resulting from natural disasters, unexpected failures, or overloads.
Reducing these grievances also benefits EPCs, as customer satisfaction increases, and the
compensation amounts they sometimes need to pay to consumers are reduced.

c) Simulation results indicate that when approximately 30% of residential area consumers
(around 40 million consumers) adopt RESS, 96 GW of power, which contributes to overloading
during peak hours, can be shifted to nighttime. Increasing nighttime consumption enables more
efficient economic use of renewable energy sources like hydroelectric, wind, and geothermal energy,
which often operate at lower utilization rates during off-peak periods due to reduced demand.

d) A RESS system already includes an inverter/charger and a battery bank. By adding
photovoltaic (PV) panels, it can easily be converted into a solar PV energy system. If smart inverters
are considered during the organization of RESS systems, these systems can also be transformed into
microgrid systems. Thus, RESS applications can serve as a significant catalyst for the transition to
renewable energy. Additionally, the initial economic gains from deferring investments can largely be
converted into permanent benefits. Besides residential systems, energy storage systems can also be
organized for commercial and industrial sectors. Overall, these consumer-side energy storage
systems can extend the timeline for new energy investments for many years. If combined with the
microgrid concept, it is theoretically possible that future investments to increase energy transmission
capacity may no longer be necessary in the United States.

e) Simulation results show that shifting 96 GW of power from peak to nighttime reduces the
energy generation capacity needed during peak periods by an average of 13.8% and significantly
alleviates the load on transmission lines. These reductions defer the need for new energy generation
plants and transmission lines. According to the simulation, if 40 million residential consumers adopt
RESS, investments of approximately $30 billion in transmission lines (required within the next 20
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years) and $50 billion in energy generation plants (required within the next 10 years) can be
postponed. Considering the average profitability rates in U.S. markets, even if the government covers
all RESS costs for these 40 million consumers, the deferred costs and permanent savings would
largely offset the expenses.

f) Deferring and minimizing investments in new energy generation plants and transmission
lines also reduces environmental concerns such as carbon emissions and the occupation of public and
agricultural lands.

7.2. Planned Studies

In this article, in order to maintain the integrity of the subject, the superiority of consumption-
side energy storage over production-side energy storage has been emphasized, the applicability of
energy-side energy storage has been tried to be proven, and the dimensions of the economic gains
that can be obtained when widespread effects occur have been tried to be shown. Therefore, not all
the details have been sufficiently covered in the article. It is planned to address these details in future
studies.

Initially, it is aimed to conduct a more detailed analysis of possible organizational scenarios for
consumer-side energy storage and their economic dimensions. Although a RESS (Residential Energy
Storage System) can be built with a smart inverter and a battery bank, it is necessary to develop a
prototype system that can perform the same functions at a lower cost. A RESS device primarily
consists of LiFePO4 batteries, an inverter/charger, switching systems, cooling fans, necessary
measurement components, displays, and essential metal parts. If the goal is to enable RESS to be
converted into a Solar PV or microgrid system when needed, the inverter must be selected
accordingly. This factor directly impacts the cost of the RESS. Considering all these aspects, it is
intended to approach this subject as a lab study and subsequently as a research paper.

The economic analyses presented in this paper do not account for the depreciation of money
over time due to inflation. Moreover, it is planned to explore in a separate study how the time
required to achieve widespread adoption of RESS might affect the overall impact and the substantial
savings from deferred investments.

A separate investigation is needed to analyze how RESS applications should be implemented in
different grid regions. There are significant differences between U.S. grid regions in terms of energy
management, the types of energy companies, and the characteristics of their transmission systems.
Consequently, the extent to which each grid region is affected by overloads can vary. These factors
also influence the amount of savings achieved from deferred investments. Hence, it is planned to
address these details through a separate simulation study.

The availability of inexpensive nighttime energy is a crucial criterion for consumer-side energy
storage. When widespread adoption of RESS is achieved, a significant increase in nighttime energy
consumption is expected. The batteries of rapidly growing electric vehicle fleets are also typically
charged during nighttime periods, benefiting from lower energy costs. Therefore, it is planned to
analyze the impact of electric vehicles during the widespread adoption phase of RESS.

In addition to the short-term research goals outlined above, it is planned to investigate the long-
term contributions of the consumer-side energy storage concept to smart grid developments. For
instance, one of the smart grid goals is to benefit from the energy stored by electric vehicles during
times when peak consumption increases very suddenly [92-95]. A RESS designed in accordance with
the micro grid system and capable of transferring the energy in electric vehicles to the grid when
necessary, can provide significant support to the Smart grid system in this regard.
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