
Journal of Advances in Technology and Engineering Research JATER
2024, 10(2): 7-16

PRIMARY RESEARCH

Transformative approach to renewable energy genera-

tion and management - integrating microgrids and vir-

tual power plants, with an internal blockchain and arti-

􀅮icial intelligence system

Siyeong Park *

Shanghai American School Puxi Campus

Keywords Abstract

Renewable energy generation

and management

Microgrids

Virtual power plants

Internal blockchain

Arti􀅫icial intelligence system

Received: 09 June 2024

Accepted: 14 August 2024

Published: 12 December 2024

The growing employment of renewable energies brought positive impact to the environment, however, is facing ef-

􀅫iciency issues, for instance, intermittency, limited store capacity, and integration problems with traditional grids,

due to different supplies anddemands in different regional dynamics. Today, the primary problem is not about how

energy can be generated in a sustainable manner, but instead, how renewable energy storage and distribution can

be optimized. This study proposes this integration as a solution of renewable energy sources in their issues re-

garding interactions with the main grid, limited store capacity, and intermittency issues. This study’s objective is

to show the feasibility and ef􀅫iciency of such integration. In pursuit of substantiating this study, energy grid mod-

els from the National Renewable Energy Lab were utilized. Numerous data, such as energy consumption levels,

greenhouse gas emissions, cost, ef􀅫iciency, and other data involved in energy production, storage, and transaction

were input into the module where there were some assumptions in the performance of the technology (AI and

blockchain) and the average values in emissions and energy usage. To prevent complication and distortion from

data overload, the only renewables implemented in thismodulewere solar PVs andhydropower. Still, to achieve di-

verse results under different circumstances, 2 simulationmodelswere established for the experiment. Themodule

output graph displayed amatch in demand and production, minimal involvement of the central grid, peak shaving,

and peer-to-peer trading systems, directly manifesting that the involvement of AI and blockchain technology in

the integration of microgrids and VPPs lead to anticipated outcomes. In conclusion, the 􀅫indings indicated from

this study have shown that the following integration enhanced the usage of renewable energy. Further research

could explore development of AI and blockchain technology, also executing physical integrations then eventually

pilot projects of this model, as well as exploring options to optimize this idea to become universally adaptable to

diverse environments. The implementation of developing regulatory frameworks in this 􀅫ield will bring positive

outcomes such as expansion of higher ef􀅫iciency usage accessibility to cheap and sustainable energy for the public.

© 2024 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Today, the energy sector and energy consumption are the

largest emitters by far responsible for 73.2% of global

greenhouse gas emissions [1]. The primary factor behind

this statistic is fossil fuels, and it is critical for society to real-

ize that it is a 􀅫inite resource and is being depleted in a rapid

manner [2]. Thus, it is crucial to transition into sustainable

energy production and distribution methods that can miti-

gate negative environmental impact; the increase in use of

renewable energies can reduce climate risk. Yet, technolog-

ical role has not played a signi􀅫icant role in the employment

of renewable energies [3]. The employment of renewable

energies is not only bene􀅫icial for the environment - in fact,

they can provide economic and social bene􀅫its as well. Fig-
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ure 1 directly manifests how the trend in the cost of renew-

able energies is plummeting, rendering them economically

viable compared to fossil fuels. Speci􀅫ically, regarding the

installation of solar photovoltaics (PV), the curve of best 􀅫it

on 􀅫igure 2 demonstrates the exponential decay of the cost

trends of PV installations in certain countries.

Fig. 1. Global-weighted-average total installed cost learning curve trends

for solar PV, CSP and onshore and offshore wind, 2010-2023. Source: [4].

Fig. 2. Figure 2 Utility-scale solar PV total installed cost trends in selected

countries, 2010-2023 Source: [4]

Additionally, the price 􀅫luctuation of renewable energy is

less susceptible to international and diplomatic affairs com-

pared to fossil fuels. Fossil fuel prices often 􀅫luctuate due

to geopolitical tensions, supply chain disruptions, oil em-

bargoes, gas pipeline failures, or political con􀅫licts. In fact,

its prices are responsible for 75 percent of energy in􀅫la-

tion over 2022 [5]. Consequently, countries that do not

have domestic access to fossil fuels (SouthKorea, Japan, Sin-
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gapore, etc.) inevitably must trade with other countries,

which makes them susceptible to be affected by these fac-

tors. In contrast, renewable energies can eliminate such fac-

tors since all countries can initiate domestic production if

theyhave suf􀅫icient infrastructure [6]. Even if certain LEDCs

(Less Economically Developed Countries) might not have

access to adequate infrastructure or budget to initiate re-

newable energy production, there are numerous opportu-

nities from green funds, climate funds, and incentives pro-

vided from NDC (Nationally Determined Contributions).

Yet, renewable energy sources have three primary short-

comings: intermittency-related issues, limited store capac-

ity, and integration issues with traditional grids [7, 8, 9].

To address this problem, this research paper aims to man-

ifest the employment of integration of microgrids and vir-

tual power plants (VPP) as a grid system, along with ad-

vanced technologies such as Arti􀅫icial Intelligence (AI) and

blockchain technology for information technology to opti-

mize renewable energy systems.

Amicrogrid is a localized energy system that consists of Dis-

tributed Energy Resources (DER), such as renewable en-

ergy generation systems, energy storage systems, genera-

tors, utility providers, and critical load [10]. Microgrid is

distinct from traditional grids because it can operate in two

modes: Grid-connected mode, where it mutually transfers

energy with the main grid; and Island mode, where it is

isolated from the main grid, operating independently [11].

Virtual Power Plant (VPP) is a cloud-based system that ag-

gregates and optimizes a set of DERs, including renewable

energy generation systems, energy storages, energy distri-

bution systems to different domains including commercial,

residential, and industrial areas [12]. Despite the limited

range of Microgrids, VPP can span multiple locations, dy-

namically managing energy 􀅫lows [13]. In simple terms, mi-

crogrid is an energy system, whereas VPP is a network of

energy systems.

Notwithstanding microgrid’s and VPP’s advantages in giv-

ing rise to sustainability and ef􀅫iciency, there are losses

among electricity generated from sources inMicrogrids and

VPPs, often due to Microgrid’s scalability issues, intermit-

tency of renewables, and complex management system of

VPPs. However, the characteristics of Microgrids and VPPs

can compensate for each other [14, 15, 16]. For instance,

VPPs can help microgrids in their limitation in scalability.

Also, Microgrids can reduce VPP’s dependency on the main

grid, through its independence and functions like island

mode. This unique compensation makes the integration of

Microgrids and VPPs desirable, since this integration will

boost resilience and scalability, expanding the range of us-

age. Furthermore, to address operation and energy man-

agement, an AI model will be interconnected with micro-

grids and VPPs to effectively manage energy. Additionally,

blockchain technology will enable ef􀅫icient energy transac-

tions between DERs and factors of this integration model,

by employing peer to peer (P2P) energy transfers. Integrat-

ing Microgrids with VPPs is tantamount to neighborhoods

sharing extra energy to an energy center, which provides

it to houses that are in need to ensure that all houses have

enough energy. Overall, integration will contribute signi􀅫i-

cantly to giving rise to the pro􀅫iciency of renewable energy

standardization, storage, and distribution.

Preliminary studies indicate that AI-integrated microgrids

can reduce energy consumption by up to 20% by optimiz-

ing energy generation, distribution, and demand response

management [17]. AI will forecast energy demands, opti-

mize energy storage and production, and make ef􀅫icacious

decisions. There was also execution of pilot projects where

blockchainwas employed in energy transfers, andwith a 27

GW total installed capacity, the P2P price was 43% lower

than the retail electricity price for the same quantity [18].

Moreover, integration of Microgrids and VPPs can mutu-

ally enhance each other's capabilities, due to their 􀅫lexi-

ble capacity in conjunction with localized resilience [19].

Research also indicates the advantages of the integration

of blockchain and AI in the realms of energy sector, such

as facilitation of energy management decentralization, en-

hanced decision making, and forti􀅫ied security for energy

data and transactions, which aligns adequately with this re-

search’s purpose.

This research does include several methodological gaps.

Primarily, this research is based on an online simula-

tion, with various assumed data based on average data

points. This includes values such as the ef􀅫iciency of AI and

blockchain technology involved in this integration, data of

total greenhouse gas emissions, and the net electricity that

can be generated per renewable energy system. Despite

this research theoretically proving the integration aligns

with the objective of this research, it is important to high-

light that this research was run under theoretical basis, and

the practicality of this study may vary on different condi-

tions where this integration is operated. For instance, each

location varies in their altitude, climate, and available tech-

nological infrastructure. Numerous factors are involved,

and even a single factor may cause signi􀅫icant differences

since renewable energy systems aremore sensitive towards

their surroundings. These methodological gaps involved in

this researchmay impact the result and future applications.

Thus, the potential area of future research lies in several di-
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mensions: software development, grid-tied infrastructure,

and pilot projects. Software development for developing

a system where these technologies and grids are virtually

connected; grid-tied infrastructure for the energy grid to be

set physicallywith other renewable energy systems; and pi-

lot projects for analyzing the effectiveness of such technol-

ogy in diverse geographic and climate conditions, with dif-

ferent sustainable power generation technologies.

II. METHODS

This study utilized an online energy modelling tool to ana-

lyze the impact of integration of microgrids, VPPs, AI, and

blockchain technology. Engage Energy Modelling Tool from

the National Renewable Energy Lab (NREL) was employed

to conduct the research. Data regarding greenhouse gas

emissions, energy costs, and production capacities were

calculated as average value and inputted into the model.

There were two simulation models, where model A in-

volved only solar panels and simple grid connections and

a dwindling number of consumers, whereas model B in-

volved solar power, wind power, hydropower, and geother-

mal power with more complex grid connections and vari-

ous consumers. Both models underwent linear program-

ming and simulation within the period to acquire the re-

sults. The duration of simulation A was from 2005-01-01

to 2005-01-07 at United Kingdom, Streatham. This simu-

lation only involved solar photovoltaic power and simple

electrical grid connections with a small number of energy

consumers involved in the system.

Fig. 3. Electrical grid connection diagram from simulation A

The duration of simulation B was from 2018-05-01 to

2018-05-08 at United States of America, Denver Golden.

This simulation involved solar power, wind power, hy-

dropower, and geothermal power with more complex grid

connections involving more energy consumers in the sys-

tem.

Fig. 4. Electrical grid connection diagram from simulation B
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While simulationmodel A focusedmore on generalized sys-

tem capacity, simulation model B deconstructs sectoral as-

pects, demonstrating operational details.

III. RESULTS

These 􀅫igures were the outcome after inputting necessary

value to the energy model provided by the NREL.

Figure 5 portrays periodic variations in energy production

and consumption. The peaks correspond to time periods of

high demand on energy: a period which would be probable

for VPPs to import energy fromexternal energy sources and

grids. The line of demand (dottedwhite line) nearly aligned

with the lines on energy production (pink lines), although

there were some parts when energy production exceeded it

(The surplus energy will be either wasted or stored, which

will not bring signi􀅫icant harm to the grid). Despite this, the

alignment shows that energy production was able to align

with demand regularly. Still, AI was able to predict con-

sumption spikes and adequately shifted them to off-peak to

reduce grid reliance and improve ef􀅫iciency. Findings from

this graph overall indicate a signi􀅫icant correlation between

ef􀅫iciency and integration.

Fig. 5. Electricity production and consumption over time (Simulation model A)

Figure 6 illustrates the alterations in cost of energy pro-

duction over time. Acute peaks correspond to occasions

where energy cost is ampli􀅫ied due to high demand, and

by the fact that they are sharp, this demonstrates that the

AI made decisions accordingly to lower the prices to pre-

vent the energy cost from being excessively expensive. In

general, this means that when a peak energy cost is held

at approximately $2.5, while the normal price is at $1, AI’s

real–time decision making can reduce expenses by 60%.

Figure 6 shows 􀅫inancial bene􀅫its of the integration and op-

erational bene􀅫its of peak shaving of costs within dynamic

energyproduction and consumption. Figure6directlyman-

ifests operational and 􀅫inancial bene􀅫its of the integration.

Fig. 6. Cost of energy production and electric grid import over time (Simulation model A)

Figure 7 portrays production capacity of energy produc-

tion and electric grid import. The bold lavender represents

an electric grid import of 9.496873kW, while the lavender

shaded part represents the maximum capacity of electric

grid import of 2000kW. The bold pink represents combined

heat & power (CHP) production capacity of 336.3592kW,

while the shaded part represents its maximum constraint

of production capacity of 1500kW. The low electric grid im-

port implies that most of the energy is produced locally,

therefore there is less reliance on external energy supply.

This suggests that proper operation is occurring, and solar

PVs are generating suf􀅫icient energy. On the other hand, the

high use of CHP implies that it is compensating for the in-

termittency of solar PVs and meeting heat demands; since

occasionally, itmight not receive enough solar power to gen-

erate suf􀅫icient energy. Figure 7 represents that this inte-

grationwill be suf􀅫icient due to effective localization, reduc-

ing system vulnerability, while facing challenges due to high

heat demands, as shown from the CHP bar.
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Fig. 7. Production capacity of energy production and electric grid import (Simulation model A)

Figure 8 illustrates the 􀅫ixed cost from electric grid import

and energy production. The lavender bar represents the

􀅫ixed cost from electric grid import of $11.7201, while the

pink bar represents the 􀅫ixed cost of CHP of $680.3855. This

􀅫igure represents the drastic advantages and disadvantages

in terms of cost, where it is advantageous in electric grid

import while it is not in CHP. The low 􀅫ixed cost from elec-

tric grid import shows how this integration is performing

properly in a localized manner. On the other hand, the ex-

tremely prohibitive costs from the CHP stress that quite a

lot of money would be required to address heat demands.

Figure 8 portrays the 􀅫inancial bene􀅫its and 􀅫laws of the in-

tegration.

Fig. 8. Fixed costs from electric grid import and energy production (Simulation model A)
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Figure 9 represents changes of electricity production and

consumption over time. As represented from numerous

grey lines, simulation model B involved various compo-

nents of a city, enabling realistic evaluation through the re-

sults. Additionally, simulation model B incorporated solar

PVs and hydropower, expanding the level of complexity and

energy sources. This provided an opportunity for theAI and

blockchain model to demonstrate their abilities to handle

production and consumption among these complex condi-

tions.

Through this 􀅫igure and other 􀅫igures below, it can be in-

ferred that the involvement of solar PVs in this model

was consistent but limited. However, hydropower demon-

strated a signi􀅫icant contribution, especially in managing

energy production during high demand time periods. Fur-

thermore, therewasa signi􀅫icant contributionof the electric

grid in both production and consumption sectors. Like 􀅫ig-

ure 6, the electric grid from 􀅫igure 9 portrays peak shaving,

demonstrating active responses fromAI to align production

and consumption on a similar/identical level.

Fig. 9. Electricity production and consumption over time (Simulation model B)

Figure 10 demonstrates an extreme scenario compared to

􀅫igure 6 from simulation model A. While 􀅫igure 6 from sim-

ulation model A has more stubby curves and peaks, 􀅫igure

10 represents acute peaks, while having a lot of time peri-

ods having $0 cost for energy. However, simulationmodel B

is more extreme since its maximum cost reaches $20, while

􀅫igure 6’s maximum energy cost is $2. The optimistic case

would be having a fusion of 􀅫igure 6 and 10, where there

are occasions when the cost of energy is $0, and the max-

imum cost is lower while 􀅫luctuation happens in a less ex-

treme manner. The signi􀅫icance of 􀅫igure 10 is that it im-

plies the possibility of a society where the price of energy

can be $0, in localized energy systems via the integration

proposed in this research. Moreover, the role of AI is promi-

nent as represented in the graph since it shows a negative

trend of cost over time, indicating that AI is accommodat-

ing to the energy production and consumption conditions,

in conjunction with making adequate decisions.

Fig. 10. Cost of energy production and electric grid import over time (Simulation model B)

Figure 11 demonstrates the production capacity of differ-

ent energy sources. The yellow bar represents solar PVs’

production capacity and maximum production capacity of

100kW, the lighter blue bar represents hydropower’s pro-

duction capacity of 3734.227kW, while its maximum capac-

ity being 100,000 kW. The darker blue bar represents the

electric grid’s production capacity and maximum capacity

of 10,000kW. Considering that solar PVs have low produc-

tion capacity and maximum production capacity, it can be

inferred that solar PVs were not productive enough due to

intermittency-related issues, or an inappropriate decision

making from the AI. However, since solar PVs reached their

maximum production capacity, it can be inferred that inap-

propriate decisionsmade fromAI’s end are less responsible

for this result. In contrast, hydropower represents higher

production capacity, while not reaching its maximum.
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Fig. 11. Production capacity of energy production and electric grid import (Simulation

model A)

Figure 12 portrays 􀅫ixed costs from energy production and

electric grid import. The yellow bar represents solar PV’s

􀅫ixed cost of $175.1233, the dark blue bar represents elec-

tric grid import cost of $310.0618, and the light blue bar

represents 􀅫ixed cost of hydropower of $10409.18. While

these 􀅫ixed costs are expensive compared to 􀅫ixed costs from

simulationmodel A on the facade, referring to 􀅫igure 10, the

overall cost of electricity is less expensive, contributing to

compensation and even economic bene􀅫its in the long term.

Fig. 12. Fixed costs from energy production and electric grid import (Simulation model B)
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Overall, these 􀅫igures from simulation model A and B ac-

tively manifest the ef􀅫iciency, management, and effective

real-time response of this integration.

Results from simulation model A and B are both opposite

extremes of each other. While model A has only one re-

newable energy source and limited consumers, model B has

several renewable energy sources as well as various con-

sumers. This impacted their electricity costs, production

capacities, and their 􀅫ixed costs.

IV. DISCUSSION

In conclusion, this study aimed to explore the theoreti-

cal feasibility of the integration of microgrid, VPP, AI, and

blockchain technology. Results from simulation model A

and B imply points toward the idea that the integration

is economically and technologically feasible. Speci􀅫ically,

􀅫indings from this research suggest that energy can be ef-

􀅫iciently managed through real-time responses and deci-

sion making by the AI to minimize waste of energy, costs of

energy will diminish signi􀅫icantly and even have occasions

which the cost for energy production and energy grid im-

port will be free, and balance between renewable energy

production systems show the feasibility of real-life applica-

tions of this integration. This aligns well with 􀅫indings from

prior research, despite their fragmented nature. The result

from this research patches the concept that the integration

of the four (microgrid, VPP, AI, blockchain) is feasible.

Some unexpected results from the experiment arose from

production capacity, especially from simulation model A.

Prior to this experiment, while it was assumed that ef􀅫i-

ciency of AI would look like employing all the energy sys-

tems to their maximum capacities in the grid in pursuit of

optimization, there was a paradigm shift at the end where

the ef􀅫iciency of AI looked like energy optimized while en-

ergy sources were not yet utilized with their maximum ca-

pacity. This would mean that the leftover capacity can be

used for unexpected situations, when there might be grid

failures or resilience issues, which would mean microgrid

will have to go islandmode to prevent energy losses and in-

ef􀅫iciency. Another unexpected result was from the energy

costs of simulationmodel B.While prior studies have shown

that there would be losses in energy caused by transmis-

sion and distribution systems, in conjunction with conges-

tion during energy transfers [20, 21]. In contrast, results

from simulation model B show that although there is en-

ergy transmission involved in this system, the cost of energy

production and importwas often $0, while therewere acute

􀅫luctuations. Through this result, it can be inferred that the

decision making of AI and the effectiveness of blockchain

technology was able to overcome such loss.

Yet, several potential shortcomings must be considered.

This study has only investigated this integration via the

means of online simulation, while the input values were

mostly based on average and assumed values. Realistically,

the cost of this integration would be more expensive due to

AI training and developing a P2P system aligning perfectly

under the conditions of this integration. Another factor to

recognize is that energy production and transfer costs itself

would be nearly impossible to be free of cost practically -

multiple previous research consider even detailed factors

which were not a factor involved in the simulation [22, 4].

If this paper’s purpose were to prove the possibility of ac-

quiring and transferring energy free-of-cost, physical grid

creation and pilot projects must be executed to prove the

idea practically. Moreover, since microgrids and VPPs are

DERs that are highly specialized in localization, outcomes

from actually implementing this integration in various re-

gions might vary and not always be positive.

Further work needs to be carried out through physical pilot

projects, along with specialized AI connected with the P2P

system, in conjunctionwith integratedmicrogrids andVPPs

throughelectrical grid engineering. Moreover, research also

must determine if AI’s machine learning is capable of local-

izing to different regions with various energy production,

geographical conditions, and consumption dynamics, along

with intermittency issues that can undermine the capabili-

ties of renewable energy sources within the energy system.

Through further explorations in these 􀅫ields, it will be able

to elucidate this integration and facilitate implementations

in the real world. After this integration reaches the level

of being practically feasible, it will enter the stage of fur-

ther developing the AI to exploit data collected from real

life projects and infrastructures to create an optimization

system for various regions with different renewable energy

production infrastructure.

Ultimately, the goal is to actualize a coalescence of simula-

tion model A and B from this simulation, for energy con-

sumption in society. This would mean that energy will be

free or extremely cheap of cost unless it is during a high

demand hour, while energy consumption and production

nearly matches so that there will be barely any waste of

energy, as well as low 􀅫ixed costs but high production ca-

pacities in our energy production and distribution facilities.

This study has elaborated someway towards enhancing the

understanding of how the integration of microgrids, VPPs,

AI, and blockchain technology will look in economic and

theoretical aspects. Through this integration proposed in

this paper, this will be a possible stepstone for sustainable

energy production and consumption to arrive soon.
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