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Abstraci— The development and implemenfation of
inmovative bosimes: models in the energy sector amd their
intezration inio the prodeciion processes of the indwstrial sacior
for the creafiom of highly prodectve amd cosi-effectve

creation of added valoe and benefit for the consumer. Swch
infeeration = expecied o lead to positive development im
siratezic sectors of the ecomomy, mainly related to emerzy
mh\'gmtn]]\'rtdnung&paﬂﬂumimﬂhﬂ::ﬂ
mifizafing envircnmental problems swch 2= global warming and
tomc waste and emissioms. The transiton from a traditionsl
eromomny to 3 bioeronomy requires adaptng the way of energy
produoction and consomption The inbodoction of enerzy
procmming models will help radically change the energy system
as it allows to redoce the cost of electricity, which can serve as
an economic and environmental stimnlus for the bio-economic
tram=formation of the natonal economy, bot on the other hand
it cam create problems for traditomnal prodocers and
mgﬂmrﬂaﬁmdmﬂnhmﬂl
prospects for the ntroduction of innovative bosiness models in
energy, such as prosuming, energy cooperafion. green emergy
storage systemes, etc_ and their impact on the development of the
bivecomonry. To achieve the 2oal an analysic of the dynamics of
h:gﬁ:ndh‘uthnﬂl[ﬂmg_rlﬂrtﬂmdﬂn'

on bir-ecomomic iransformations was carmied oot The main
problems and issmes for the widespresd imtroduction of
remewable enerpy sources in Ulmaime were ademtified amd
innovative bosiness models for the development of altermative
energy i modern condifons were i A dvmamic
model of fhe bic-economic transformation of indwstries by
stimnlating Self-C ion Emergy Cooperatives has been
developed and the main direciions of regulatory amd financial
support for procumerim in Ulraine have been defermimed
based om workd experience.

Eevwords—promming, emergy market power grid, Self-
Conmmption Emergy Cooperatives.

I INTRODUCTION

The main prerequisites for the emergence of the concept
of bip-economic Tansformation of indusiries are the need fo
inredure sus@inable management of natural resources,
ensure the country’s food and energy security, mitizate the
consequences and adapt to climate change and maintain the
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Couniry's compefitivensss [1]. At the same fme modemn
sociefy i concemed with complex issues of sustainable
development both from the ensrgy pednt of view., in 2 namow
sense, and in a wider range of issues, such as responsible
consumprion [1, 3], ecoloegical products [4]. sustainable
marketing [5] and logistcs [§]. etc.

Basic reszarch in the fisld of minimizing sreenbouse gas
emiszions demonsirates the ability of bisensrgy to provide
13% of primary energy consumption [7]. Comventional large
power block burning fossil fueks are being slowly replaced
with smaller units base on renswable enerpies. Solar power
plants and wind farms as well are owadays operated and
owned not just by large commercial consorcinms bat alse by
local compnmities of wartous scale. Thess consumers /
prosumers need amy techmical adwices These scemarie: and
aszesments and methodologies based on bussinness models
are the main ebjectives of this paper.

To conduct this research, methods of economic analysiz
were used m the process of substantadng the theeretical and
methodaological foundations for studying the peneral frends of
bigenergy prodoctson and itz economic, ecological and
technological dimensions; the method of comparison m the
amalysis of global mends in the development of innovative
techmologies for the use of dismibued sperpy resmurces;
methods of zenemlization, systematization, synthesis, study
of phenomera and processes in thelr dewelopment amd
mtemelationships, companson, analogies, classification,
grouping. etc. The experience of the countmies of the Europsan
continent was chosen for the shady.

Bioeconomy can be interpreted as an economy where the
main respurces for mdusitty are renswable hiological
resources, materials, chemicals or energy [B] Chuorent
economic growth depends on the producton and ¢ i
of ensrgy [9]. incloding renswable energy [10]. Bioensrgy can
become the driving force needed for the sustainables
development of the biseconomy [11]. In addition, Ukmine's
ensrgy security and reducing is ensrgy dependences is and will
be the number ope topic. The mansidon fom a Taditional
economy t0 3 biceconomy requires adapiing the way of
ensrgy production and consumpiion. Consumers of elacmcity,
who both consume and produce electicity (“prosumer® from
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producer + consumer), can fundamentally change the ensrpy
system. The policy of active use of low-carbon technologiss
requires the formation of an appropriate e fective environment
- mstinsfional and technological infrastrocfure. The ceniral
place in thiz process is ecoupied by the Bsue of forming a new
energy system that will mest the oument oends in global
polifics: decarbonization, decenmalization, and digitalization.
Decarbonization policies are also associated with the
widespread adopton of renewable sperpy somrces (BES),

deceniralization invelves the growing role of new ela::t:m
producers, with minar, decenmalized and ntermittent

of overproduction of elecmicity. Drigttization of the sperpy
sectar invelves the infroduction of innevative appreachss o
the power supply system. and is associted with Smart Gnd
(5@ technology, which allow for the modemmizabon of
electmical networks through the use of the latest IT solutions.
Communication technologies are integrated into the petwork,
az well as technologies for colleciing informartion about the
production, transmizsien and consumption of eleciricity,
effective conoel and management of the network These
Opporbmitiss ars exiremsly Dnponant to ensure the epnerpy
transition. In fum, the iotepration of dismibuted enerpy
respurces together with achisvements in the mformation and
comnmmication sphere enable the emergence of electmicity
consumers who produce, consume aod distmioe energy
among other network wsers in a single system. Such wsers are
called “prosumer” [12-19]. In comnecten with thiz, am
imporant queston is the assessment of the mmpact of
altermative energy and inmovative bosiness models n energy,
io particalar, i concems the concept of prosumerism, on the
bip-economic mansformation of industoies. The relatonship
berween presn emergy and bioecomomy. The concept of
bireconomy iovolves the nmoducton and development of
altermative manapement approaches capable of replacing
fiessil fuels with altermative onss in the econemic activity of
economic enfities. The bioeconomy inclodes the following
elements: (a) susiaimable preduction of renswable biological
resources i minimize climate change and fossil foel
dependence; and (b) increasing the added valoe of biomass
materials while minimiring resource consumption [20]. Te
ensure the development of a sustainable bieeconomy of the
CounTy, it is necessary to pay ameoton o the following
directsons: assessment of the potential of biplogical resources;
development of altermative accompanying fypes of hio
products; processing of waste apd production losses;

interrelationships betwesn climate change adaptatien

strategies [21].

The main areas that reguoire swategic changes in
accordance with the policy of bio-economic mansformation of
industries inclde: investment m research, inmovation and
skills; (1) changes in regulatory policy. and (3) strengthening
markeis and competiivensss m the biseconomy [21]. The
main indicators of the development of the biceconomy in the
EU inclede employment, added vahie and annual homover in
bip mdustrizs. The growth dynamics of the main indicacors of
the EU bieecononyy for 2008-2019 are presented in Fiz. 1.

Accarding to the ET Directive 200928EC oo renewable
SNSTEY sourCes, member states are oblized i implement
renewable energy development strategies [24], which shows
the commitment of member states to biomass preduction. A
biologically orisoied economy imvolves the replacement of
firssil fuels with an alternative and a significant increase i the
demand for biomass [23].
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Fig. 1. Furopean Union Bicecmnommy; Sham [23]

T assess the dependence of hioeconomic mansformation
on the development of renswable energy, it i3 necessary to
follow the dependence betwesn bivensrgy production and ifs
economic, ecological and fechnological dimensions. The
following indicaters were used to quantfy the development of
the EU biceconomy (Fig 2.):

= Bioenergy geceration (Tj) (BIO_GEN):

e D0 emiszions (C03_EMIS);

= Elactricity produoction from ceal sources (*: of tofal)
(EL_COALY);

« Elsciricity production fiom nammal gas sources (% of
total) (EL_GAS):

« Electricify production fom oil seuarces (% of tofal)
(EL_OIL);

« Fepewable elecmicity ouwtput (% of total elecmicity
output) (REQ):

« Combustble renewables and waste (¢ of weal energy)
(CHR&Waste).

Fig 2. Dyzomics of donging trends in fhe FU anargy morket

An impertant role in achieving the decarbonization pelicy
is played by increasing the share of energy from renewable
sources in the energy balance. According to Yang et al., [24].
consumers are mostly willing to pay extra for the wse of clean
energy. Bloensrgy has many advantages over other
teckmologies. According to IREMA, the cost of hioenerzy
production remains lower compared to other eoewabls
teckmologies such as photovoltaic or wind technologies [17,
18). In addidon, icenergy can be stored and Tansponted.
which im combination with wind and solar generation can
provide selutions to problems with imbalances and excessive
epergy generation [29]. The dynamics of changimz trends in
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the EU energy market is presemted in fiz. Accerding to the
obtamed dafa, the production of epsrpy from renewmble
SOUITES Conmimates o mereasing the eperpy independence of
the coumiry, reducmg the level of use of fossil fuels, reducing
the lewel of losses m supply chains due io the creation of added
valae and reducing C0; emissions (Fig. 3), which in tom
cTeaies  prerequisites  for sasfinable  bioeconomic
transformation of the patonal economy. Counmmes with a
significant share of renewable ensrgy sources maditionally
have a large share of bioenergy in the energy balance [30].
Climate change and energy independence are the main

prerequisites  for the dewelopment of hicensrgy and
imperatves for the biseconomic mansformation of mdusiries,

which simultanepusly provide & SOCH-200NOmic
impacts, creating jobs along the value chain [31]

In developed couniries, bipensrpy is offen a susfainable
alfermative io hydmcarbons m the feld of mansport, combined
power and heat production, and heating of residenial
buildmzs, while in underdeveloped counimies bisenstpy is
often the dominant type of fuel, due to the lack of access o
elacimical netwarks [32].
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Fig. . Impact of bivesargy demlopmant on the keveld of OO, eodudoms

A dynamic model of the bio-sconomic Tansformation of
indusmies by stimulatng  self-copsumpbon  ensrEy
cooperatives has been developed. and the main direrdons of
regulatory and financial suppert for prosumerism in Ukraine
have been defermined based on world expersence. The
practical contributson of the paperis the development model a
micTegrd (prosumers based on modsrn technology: charging
vehicle station, hydrogen technology.

II. PROSUMING MODELS DY BEECCMOMY.

nefwork modss resuling from the rapid
intepration of BES iz a challenge for elecmc netwark
operafors (EWOs). Currentdy, the problem of the quality of
glecmicity is acute Power gquality is a very impomant
charactenstic of BES systems. Today's consumers are more
sensitive to network failures. The chaotic intepration of RES
and non-linsarty of the load of mest powerfil consumers is a
common phenomenon in BEM. which nezatively affects the
efficiency of BES with a natorally uneven elecimicity
peneration schedule [33]. According to NEC "Ukrenergo”
(UES), Ukraine already needs the use of approximately 2 GW
of hizhly manewverable capacities, which can provide at least
4smﬁpﬂdafandhneaﬂgm.ﬁ:m:angenfregmam
{80% of the insfalled capaciy).

The smuation with COVID-19 [34], pamsly an B%
decrease in consumption, and the placement of electric filling
stations [313] led to changes in the load souwohoe Taking inbo

account previous smudies [34, 37], it is propesed to update the
graphical inferprefaton of the power balance m the local
elecmical system, based oo the typical scheme presented m
[37] (==e Fig. 4 a) and b)). But war swongly impacted on
halncing system and deficit power in all system.

It was ooted that dus to the repair of 2 mumber of power
unifs and mcveased consumprion against the background of
warm, and somerimes hot, weather conditions, a deficit of
about 1200 MW is expected m the enstpy sysiem of Ukrames
m August [38]. There should be oo blackouts, because the
defirit can be covered by mponing eleciricity fTom Europe.
After the increaze in the maximum prices for elecmicity (price
caps) and undey the conditions of deficit capacity, the prices
on the Ukminian market became more competitive for the
mapart of electricity from neighboring Westemn countries.

Power balance in the UES: a) fypical: b) faking into
account modern trends: ins@llation of charging stations for
elecmic vehicles (EVs) and the use of hydrmgen technologies
and modern starage devices.

In Fig. 4. the pocess of forming the power balance m the
UES with combined power supply is interpreted According
o the scepario pressnted in the study [37], elecmicity i=
supplied from intermal sources of wind powsr plamts and
thermal power plants, small hydroelectric power plants (HPP).
cogeneration (CGU) and biogas (BGU) plants and centralized
power sources. The load of ransformer subs@atons consists of
the load of consumers and the zeneration of eleciricily sources
that are on their balance sheet (see Fig 4. a)).
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Fig 4. Powwr balance in the UES: &) typical [34]; b) tking o accoms
mndarn tmnds: nsiallaion of charging stations fix eleciric whicles (EVE)
and the nse of bydrogen technologios and modern accermelxiom

Modem conditions of operation of BES are characterized by
siricter condidens of liability for imbalances, the expansion of
the latest technologies, for exampls bydrogen plants (HEF), a
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decrease in total consumpiion, and the inroduction of a new
tvpe of consumer - elecimic charging stations (ECS) (se= Fig.
2. b)) Model of power system with prosumesrs presented on
Fig 3., shows connections and power and resources.

II. CALCULATION OF BUSIHMESS MODELS

Smart networks make it possible o ensure the powsr
balance of the UES in accordance with the modem scheme.
They actually provide an oppeortanity to form a new actve
mdel of coosumer behavier that can contrel their
consumption and producton, while aditonal consumers,
boyving and consuming energy fom the network, are paszive
participamnis in the process [12]. Under such condidons, acdve
consumers have the opporumity to redoce enargy costs, dus to
the © ion of energy produced by their owm
photoveltaic installations [38]). In addiion, scientists Espe et
al. [1£] note the mportance of the participation of prosumers
in the formaton of smart prids to ensure the sustamability and
long-term efficiency of the emergy dismbution process.
Digital technologies m 5 epable instant interaction betwesn
participants and the network, as they allow agemts w be
informed about prices, n return for which they can receive
cash as a counferparty.
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Fig 5. Model of powsr sysiem with proamars

These fwo main advantages of prosumers (owo
consumpiion and selling amplos o the network) add
flemibility, but increase the cost of the required invesiment
[39]. In addition, the achual consumprtion of green ensrgy for
production purposes moreases the bipeconomic potential of
aided valus n supply chains. Another advan@ags provided by
digital technologies in the enpsrpy sector is the possibility of
enargy exchange also bemwesn agents [19], in a peer-fo-peer
(PP system of energy mading in ensrgy communities [11] ar
so-called infegrated ensrgy cooperadves. PIP enerzy fradms
is a direct energy rade betwesn parficipamnts, namely the sale
of enerpy from small DER: of housss, offices, and enterprises
to local enetEy consumers [14, 41]. Participation in ensrgy
ceoperatives can mvolve both individual citizens and secial
enfreprenemrs, mumicipalities and public organizations that
directly participate in the energy ansition threosh jomnt
iowvestment, production, sale and distribution of renewable
energy. Prosumers mclude homeowners who gzensmie
elecimicily mainly with solar PV panels on their roofs;
CEOperaiives of condominiums are communal prosumsrs, the
main tazk of which is not o s=ll, bat to save electicity for
public and private premidses, such as schools or hospitals,
private honses, representadves of the busmess enviromment,
who us= RES for their own producton peeds and related

savings Lowering the cost of renewable enerpy fechnologiss,
especially solar papels, reducing the nvesiment atTactivensss
of the "green tariff” and its complete elimination by 2030 will
comimibute w the growth of the pomber of swch active
participants in the energy production and dismiadon markst
in the coming vears. In a number of EU countries, elecmiciny
iz produced at a price eguoal to or lower than retail prices. For
example, according to dafa from the Eurepean Consumsr
Crganization (ECO), 0% of households in the EU are located
mn regions where a kilowatt-bour of elecmicity prodwced by
roafiop PV panels is already cheaper than the average national
refail epergy price. In Ukraine, there are soll no repolations.
principles, or even a legally defined term "prosumer”, and the
problem of prosumers already emists, becanss the Cument
market mules do not allow participants to conclode bilateral
direct conmacts for the supply of "preen” elecimicify, and
payments are made according to the state-guamnissd "green”
tariff are mot camied out in full Meanwhile, the EU Ensrgy
Efficiency Dimective, the E1J Benswable Ensrgy Directve and
the S@te Aid Guidelines inchede provisions that apply to small
elpcmicity producers. The Enropsan Parliament called on EUT
member states and couniries of the Energy Commmmiry, of
which Ukraine iz a3 member, t0 assist [rosumers, eOsIZy
conperatives and aggregators, those who receive energy from
varsons producers and can fumber sell it to consumesrs.
Dievelopment of definitions and improvement of kegislation m
the field of energy. mking into account new mends. to
sinmlate mvesmments m self-generating capacides by all
cafegories of consumers, including the smallest. Taking ini
account the prepamation of a package of changes o the
legislation in Ukraine, which should offer an altemnative to the
"zresn fariff”, which is gradually losing = mvesment
attmactiveness and “auctions”, which have never worked, the
wrgent issne woday is the development of effective business
modeks of prosuming and the assessment of their potential m
stnmlating the bis-economic transformation of Ukminian
mdusimes. In the study of the Sweco consuling company on
the effective mfezTation of disiribated energy respurces (DEE.
Distributed Energy Resources). a mumber of problems related
to the increase m the pomber of small independsnt ensrzy
producers fom renswable energy sources are identified - a
reducdon m elecimicity fees, part of which zoes to support the
mirasimicnre of enerpy petworks, imbalance networks,
mnfrasmaconre mismatch, efc. An increass in the oumber of
prosumers will lead to an increase i the cost of ensrgy
delivery and diswmibution for other, maditional consumers. In
addition, due i the weldlicy of RES pgenerafion
"overgenemation” ocours, for which fines are provided in
Ukrame.

In Europe, with its developed elecmicity markes, daily
regenemiion instantly lowers the price And the poce can
become negative - consumers will be paid for the elscmicity
they comsume. According io Bloomberg, thiz has abeady
happened twice in Germany: m the spring of 2016, and in the
fall of 2017. In effect, prosumers going of the grid reduce
utility profits, which adversely affects those customers who
remain According to research by the Instifate for Sustainabls
Development i Zunich University of Applied Sciences
(ZHAW and the Institate for Economy and the Environment
University of 5. Gallen, Switzerland, the apocalypiic spiral of
nsing elecmicity bills can be stop dus to the suppon of
prosumers, especially that pan of them that has its own energy
storage systems (ES5) md can mfluence the dicharge of
surpluses into the grid. In fig. the conceprmal prosuming modsl
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of the Insdmufe for Sustimable Development in Zurich
Univerzity of Applied Sciences, ZHAW, is presenied.
Mathemarical medsling showed that the reducton of peak
demand is achieved by increasing the shars of consumption of
produced energy for own peeds. With "salf-consumption” up
to 30-35%, prosumers do not affect the smoothing of peaks at
all. bowever, in the range of 35% - 73% (322 Fig. &), & is
possible to reduce the peak demand n the petwork by 30%:.
Increasing the level of self-sufficiency in ensrgy above 75%
leads to bosses of energy dismibuiion compamies, which canses
an increass m wnff for epsrpy supply and dismbution and
leads to a shortage of fopds for thelr maintenance and
mdernization [40-42]. The model of increasing the kevel of
*self-consumpdon” is quite simple - af the expenzs of ESS and
other methods of nseful uiilizaton of elecmicity in prosumsr
farms (for exampls, pumping water for the water supply
system, heatmg water in DHW storage faoks, etc) it is
necessary to redismbute the daily schedule ameng the
prosumers themselves. It is necessary to shift the consumption
peaks to the zone of maxivmm generation, and to store the
&nCess generafion at the expense of the ES5. Lower prices for
ESS partally motivates prosumers to install them bt this
technology i3 still guoite expensive in Ukmme. The
envirnmenial motivator, even in developed coumiries, usoally
does not exceed 31 %, the remaining &8 %% of business is

driven solely by financial benefits.
H
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Fig. & . Concoptual provasing modal [41)

The increase i emergy supply prices is the primary but
insnfficient motvater for :tmulaun,g mvesiment m ESS and
the development of Self: Compnmities - Ensrpy
Cooperatives (SCEC). Thiz state of affairs reguires the
dewelopment of an effective system of financial incentives far
the immoducton of ionovative Storage Prosumsr Models,
which will conmibute to the storage of excess energy during
peak loads apnd wice versa. Such modsls make it posszible o
launch feedback spirals that ensure sustainable bip-sconomic
trans formation of industries (see Fig. 7).

L IT 01 0% UY NS

Fig. 7. Dnmamic modal of bio-sconmemic trmsfomsation of ixinsinies doo to
wtimmlation of Sef-Creemption Foorgy Cooperaiives
The discossion conceming the financial and regolatory

mechamisms of eoergy sysiem  modemization  and
optimization of enerEy COnsUmMpion in mdusry is relevant not

only in Ukramne, bat alse througheut the world. Today, the
following methods of stimulating prosumerizm are known:

« redoction of the "green” tanff and inroducton of an
incentive system for comnecong EPS prosumers o the

general nefwork (E1T);

« peneral modemization of the network nfrasmactore
due to the creadon of paralls]l dismibuted networks for
the supply of energy sepamiely to consumsrs and
sepamtely from producers, storage of prosumers at all
levels - fom individual prosumers fo regional and
nafional level networks (UT5A);

« meduction of the unit capacicy of mndividual power
plaots, mooeduoced instzad of owidated Taditional
peneration.  Maximiring the use of dismibued
production and storage capacities, bnnEing them
clossr to consumers, effectively using the capabilites
of local netwarks (Germany);

facilimting the connection of new ensrgy producers t
the prid, w ensure the positive effect of mas:z
diziribated peneradon (Francs);

« stimulating the mvelvemsnt of prosumers who own
EP% in local smart grids mnd "smart” redisribution of
enarpy by "agzrezators”, ie. companies that @ks on
not only the fimctions of daily accounting of energy
demand and supply, but also "mstantly” cary out price
regulaton.

In practice, o maximize the share of BES and other types
of dismbuwed ensrpy respurces (DEE) in a single ensrzy
system with radifional sources, different business modsls ars
uzed in the world, see Fiz. 5, mcloding distmibuted ensrzy
Zensration and sHI2ge microgrids, electric vehicle charging
and “demand response” (DFE) —responding to demand m real
time thanks to amificial imtelligence systems and instamt
"blockchain - transactions (see Fig. 8) [43].
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Fig B. &olal trends in e devslopment of imnovsiee
s of dsinred ancrpyresoumoes (DEED) by type, MW 20062025
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Such steps are impossible without "digifalization” of all
poWeT systen components. Af the beginming of November
1017, Bloomberg apmalysts published a sudy according to
which investments in digital enerpy management technologies
will reach the lewal of 552 billion by 2023, Af the same tims,
mvesiments m waditional energy systems will decrease by
half.

V.  COmCIUSIONS.
Thiz work presents an analysis of the prospects for the
development of irmovative business models m the ensrgy
seCtof as an engine of hio-ecopomic mansformaton of

mdusines that can be nsage for recover ensrgy sector Ukmine
Trends in the mplementation of innovative usiness models
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in the eperEy sector were considered fo ensure the widespread
imreducden of RES in producton processes and the ransition
to a low-carbon development sirategy.

To simulate the bio-economic Tansformation of industries
at the expense of EES, a system dynamic mods] of stimulaton
of Self-Consumption Enerpy Cooperatives was built The
amalyzis of the model zives an idea of the sensitivity of the
simmlated process of bir-economic Tansformation o varouws
economic, regolatory and social factors, is. 0 soCio-
ecomomic categories that increase the  investment
attractiveness of the self-consumption enerey coopemtives
prosuming model According to world experience, for a
confident ransition to BES, it is necessary fo stop creafing
regulatory bamriers for commecting fo networks of ensrpy
producers from RES apd to ensure the stimmlation of the
ransiion o epergy strage m EPS. Another powerful
direction of the devalopment of prosumerism is "agrvolaics”,
that is, PV genemtion for the producton of agricultoral
products (imigation, ensrgy for techmological Tansport and
agricultoral machinery, heat and lizht for greenbouses,
primary processing and much mere), which is ope of the
promising directions further ressarch.
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