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Abstract — The aim of presented study was to identify the most promising new business models
which could help to reach climate and energy targets. ‘Business model’ means new
opportunities (e.g. business for profit or non-profit community collaboration models) enabled
by various technologies in energy domains, i.e., heat and power supply and demand as well as
mobility. Based on scientific publications, nine most important technologies and 37 new
business models, which could be among the most important for sustainable energy transition,
were identified. Mapping of the new business models was done by looking at synergies
between the technologies and the energy domains. Valuation of the business models is done
by finding ‘expected impact’ with regards to reduction of greenhouse gas (GHG) emissions,
which is obtained by multiplication of two factors: ‘potential’ and ‘feasibility’. The ’potential’
represents ability to reduce GHG emissions considering technical characteristics of
technologies involved and scalability. The ‘feasibility’ indicates how realistic is
implementation of the new business model in the near to mid-term. Experts in the field of
energy and environmental engineering were interviewed to obtain scores for the ‘potential’
and the ‘feasibility’ for all business models. The results show that electric mobility is among
the solutions with the largest expected impact for reduction of GHG emissions. Results of this
valuation will be used to choose the most promising solutions for further analysis with system
dynamic modelling.

Keywords — Climate change; electric mobility; energy technologies; greenhouse gas
emissions; renewable energy resources; sustainable energy

1. INTRODUCTION

The ‘European Green Deal’ has set necessary activities for the coming years to achieve the
goal of the climate neutrality by 2050 [1]. At the same time, electrification of the energy
supply sector and increase of electricity consumption is observed. The total global electricity
consumption in 2018 has increased by 2.3 % compared to 2010 [2]. Although renewable
energy sources (RES) have obtained an important role in the global electricity supply,
according to the data of U.S. Energy Information Administration (EIA), fossil fuels still
provide about 80 % of the total electricity consumption [3]. Therefore, it is essential to
decarbonize power production sector. Five years have passed since the goals of EU to achieve
the climate neutrality were set, and the initial goals begin to seem too ambitious to be achieved
in such a short period of time. There are several challenges for that. Based on the forecasts of
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the EIA, energy consumption in buildings will increase by 65 % by 2050 compared to the
year 2018 [4]. Wind and solar energies are intermittent and difficult to predict. In many cases,
use of RES requires additional land which may be difficult to allocate due to the public
resistance.

Therefore, it is necessary to integrate RES technologies with other technologies that allow
these to be managed intelligently and predict their possible lifetime. It is also necessary to
accumulate energy produced from RES by using storages as well as reduce usage of areas of
land. In the transport sector, RES technologies are based on fuel changes as well as changes
in the mode of mobility of society, e.g., by using car sharing options. Driven by necessity to
introduce RES, technologies are being developed to integrate them into already existing or
completely new systems. Technologies can develop very rapidly, and it often takes several
years for a society to adapt and use it on the daily basis. Therefore, not only a development
of the technologies but also new ways to implement these, including new business models, is
important. For these reasons, it is necessary to focus on the already existing technologies and
adapt these to the current needs by introducing new business models and policy tools to
facilitate the development of these business models. By ‘business model’ we mean new
opportunities enabled by various developing technologies in the sectors of the main energy
domains, i.e., heat and power supply and demand, as well as mobility. In many present
studies, each technology very often is considered as a separate entity and the same applies to
each studied business model. Therefore, interconnection between the technologies and
business models is not made. Most of the studies are based on technological review and
simulations of its possibilities. The goal of this study is to find possible synergies between
the technologies and the proposed business models. Expert opinions and assessment
methodology is applied to find out which technology-business model synergies have the
greatest potential for reducing greenhouse gas (GHG) emissions. Since the assessment
methodology is based on the analysis of the existing technologies and energy domains, a short
review of the most important technologies is considered below. It is claimed that by 2030,
solar energy and its storage will provide at least 50 % of electricity demand of the world. As
a result of technological developments, photovoltaic (PV) panels can be used not only on
roofs of buildings but also in many new products that are powered by solar energy. In recent
years, integrated photovoltaic (BIPV) buildings have been offered in construction, with PV
panel systems integrated as ‘building skins’ [5]. According to the study of buildings installed
in Norway [6], the total carbon savings over 30 years are 105 tons of CO; after installation of
such a system (the total electric capacity of the facade PV system is circa 128 kW). Several
studies have been carried out on the placement of solar panels on a roadway. In 2016 such
roadway was created in France [7]. The author [8] considers possibility that the integrated PV
of the road part charges a vehicle while it is moving along this part of the road. In the Nordic
and Baltic countries wind energy is considered to be the best way to implement RES [9].
Wind farms are being set up both onshore and offshore, and in recent years the possibilities
of offshore wind are studied very actively. However, in many countries construction of wind
farms has been stopped by public resistance. According to the study [10], local communities
often are not against construction of wind farms, but they want to share material benefits from
these. In contrast, the study in Germany [11] indicates that communities oppose onshore wind
farms but support construction of offshore farms. Due to the negative societal influences as
well as technological developments, wind energy is evolving towards hybrid systems that use
wind, solar and solid waste energy for fuel production [12]. Wind energy is used for
production of hydrogen as the fuel for vehicles [13], as well as for production of synthetic
natural gas, providing its production and storage facilities [14]. In the future, wind energy has
a great potential for provision and development of various hybrid systems. Heat pumps (HP)
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are mainly used in the private sector for both heating and cooling as well as hot water supply.
Although the global demand for heat pumps has increased by 30 % compared to 2017, they
provide only 3 % of the heat demand of buildings [2]. Studies carried out in [15]-[17] show
that use of decentralized heat pumps to provide heat for buildings is significantly more
advantageous than use of a district heating system. In contrast, the study in the United
Kingdom [18] indicates that use of the HP provides savings for households, but the costs are
still very high comparing to individual gas boilers. Hydrogen generated by electrolysis can
be used in transport, for heat and power production, as well as production of synthetic gas
and in chemical industry. There are currently only two major hydrogen projects in the world,
and the hydrogen, produced from water by electrolysis, covers less than one percent of the
total demand [19]. In the recent years, researchers' debate has focused on possibilities of
combining the hydrogen and solar energy systems [20].

Energy sector of cities in the future will consist of smart grids (a combination of micro and
mini networks with supply system management). Smart grid is a technology platform that
includes smart metering, communication infrastructure, RES deployment and decentralized
generation [21]. By using the platform, it is possible to reduce demand for peak capacity of
utilities by shifting the maximum load outside peak hours [22]. Smart systems have become
a part of people's daily lives, and these are used in healthcare and pharmacy [23],
transportation, architecture and construction [24], smart meters [25], etc. and in other sectors.
Share of renewable energy resources in the transport sector is critically low, and it is one of
the most challenging sectors regarding climate change. In the EU countries the share of RES
in the transport had to reach 10 % in 2020, but the overall goal was 8 %. Sweden has reached
30 %, Finland — 15 %, Austria and the Netherlands — 10 %. Latvia ranks in the 21st place
with 6 % share [26]. Use of electric vehicles (EV) as well as biofuel will provide several
opportunities in the sector of road transport for increased share of RES.

The reviewed technologies are some of the most important and the presented study
describes business models and solutions which are enabled by these technologies in the main
energy domains. Goal of the study is to identify a potential of these business models in
reaching climate and energy goals.

2. METHODS

The technologies for assessment were selected based on the publications of the last five
years. From publication analysis, it was concluded that solar PV, wind power, storage
technologies, electrolysers, heat pumps, EV, smart grids and artificial intelligence are among
the most mentioned technologies regarding improvements in energy systems around the
world. The technologies found in the publications were structured. The business models,
mentioned in the publications, were structured considering the technologies that create
synergies with the selected technologies (see Fig. 1).

Mapping of
technologies
(Table 1)

Mapping of potential
business models in
energy domains

Expert survey on

"| feasibility and potential

Calculation of the
impact
(Egl)

(Table 1)

Fig. 1. Algorithm of used methods.
Some of the technologies and their respective solutions are relatively far in maturity and

have been used for a relatively long time, but some are rapidly developing and have been
extensively studied only during the recent years due to the expected rapid development in the
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future. From the analysis it was also concluded that many researchers believe that use of solar
resources has the greatest potential; therefore, a large part of the studied business models is
based on solar energy. As a result of the publication analysis, 9 technologies and 37 business
models have been identified for the mapping (see Table 1). The business models are written
in the cells of Table 1 where a respective enabling technology meets an energy domain. In
order to avoid excessive information and maintain clarity, repetition of particular business

model in several energy domains is avoided.

TABLE 1. MAPPING OF NEW BUSINESS MODELS AND SOLUTIONS ENABLED BY VARIOUS
TECHNOLOGIES IN ENERGY DOMAINS OF HEAT, POWER AND TRANSPORTATION

Energy domain/energy services

Heat supply Heat demand  Power supply =~ Power demand Transport/mobility
Solar PV ‘Sun to heat”  ‘Sunto heat’ 1. ‘Building 1. Energy 1. Charging of
via heat via heat integrated communities electric vehicles
pump pump photovoltaic’  (solar PV based) (EV)
technologies  technologies  (BIPV) 2. ‘Peer to peer’ 2. ‘Sun to Vehicle’
in supply- indemand- 2 ‘Solar (P2P) electricity (S2V)
side side road’ sales (solar PV
based)
3.Prosumers
(electricity)
Solar thermal ~ Solar Prosumers
thermal (heat)
farms for
district
heating
Artificial Accurate Control over 1. Accurate Power aggregators ~ Smart charge of
intelligence forecasts of operation of  forecasts for electric vehicles
heat demand  energy power (EV)
technologies  production
2 from
& renewable
é energy
< technologies
= 2. Blokchain
technologies
for power
market
Power Power Flexible Electric mobility
storage with storage for demand/flexibility ~ technologies [18]-
batteries back up and services [27]
balancing
Smart grids Virtual power ~ Communities of 1. “Vehicle to grid’
plants (VPP) Virtual power (V2G)
plants (cVPP) 2. ‘Vehicle to
infrastructure’
(V2D
Heat pumps 1. ‘Power to 5t Flexible
heat’ generation demand/flexibility
2. Waste district services
heat heating
integration

into district
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heating
supply
Electric 1. “Vehicle to 1. EV car-sharing
vehicles home’ (V2H) (“peer to peer’)
2. ‘Vehicle to 2. Shared
buildings’ (V2B2)  autonomous
electric vehicle

Electrolysers ~ ‘Power to ‘Power to fuels’

gas’

Wind power Floating 1.Energy Excess power to
offshore wind  communities EV charging
farms (wind power

based)

2. Peer to peer
(P2P) electricity
sales (wind power
based)

After mapping of the new business models (Table 1), a questionnaire among experts of
energy and environmental engineering was conducted to find the expected impact of the new
business modules as well as to test the methodology. Expert questionnaire helps to identify
which may be the most promising new business models in terms of helping to reach climate
and energy targets. Valuation of the new business models was done by finding ‘Expected
Impact’ for each business model, which is based on multiplication of two factors (Eq. 1):

‘Potential’ — ability to reduce greenhouse gas (GHG) emissions considering technical
characteristics (e.g., life-cycle GHG emissions) of technologies involved and
scalability (local, regional, global?);

‘Feasibility’ — how realistic is implementation of the new business model in the near
to mid-term? How complex is the solution? What support (financial, political) is
needed? Extent of institutional and systemic changes (e.g., mode of mobility, new
functions, transformation of values/attitude/behavior) needed? Potential for companies
or individual persons to gain profits, save money or have other socio-economic
benefits?

Experts were asked to assign scores for the Potential and the Feasibility:

‘0’ — very low potential and feasibility; e.g., can be used only locally in very limited
areas; can be realized only in very far future, if at all; needs tremendous financial
support on unrealistic scale, etc.

‘0.25° — potential/ feasibility is below the level of other solutions. It has some potential,
and at certain conditions may also be feasible, however, this business model is not
competitive with other solutions and is far below average in terms of potential and
feasibility

‘0.5” — potential/ feasibility is similar (comparable or on the same level) as other
solutions

‘0.75” — potential/ feasibility is higher than for other solutions. The business model is
not on the level of the best solutions but is more attractive than majority of other
solutions

‘1’ — the leader, or among the best solutions among alternatives with respect to
potential/ feasibility. Clearly preferable business model for implementation.

The resulting score shows the Expected Impact Eq. (1) in terms of reaching climate and
energy targets from technical, environmental and socio-economic viewpoint.
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Expected impact = Feasibility xPotential (1)

Larger score indicates that the given business model has larger potential for aiding at
reaching climate and energy targets.

Twenty experts participated in the interview. Even if a number of experts was small, the
results allowed to test the methodology and obtain information for improvements which can
be made. The results of the expert interviews are shown below in the categories corresponding
to the assessed technologies. Each business model, enabled by a particular technology, was
briefly described in the questionnaire and the form was created in MS Excel spreadsheet. The
descriptions of business models were as follows.

Enabling technology: Solar PV (all 8 business models are enabled by solar PVs)

‘Sun to heat’ via heat pump technologies in supply side — using electricity produced
by solar PVs to power heat pumps for heating purposes in supply side (e.g., district
heating companies);

‘Sun to heat’ via heat pump technologies in demand side — using electricity produced
by solar PVs to power heat pumps for heating purposes in demand side (e.g., industry,
households);

Building integrated photovoltaic (BIPV) — installation of integrated solar panels on
building facades to obtain electricity and transfer it to residents of the building.
The solution provides more efficient use of available area for production of solar
power;

‘Solar road’ — use of solar PVs installed in road surface for providing power to various
usage and storage with specific technologies. The solution provides more efficient use
of available area for production of solar power;

Energy communities (solar PV based) — group of people (prosumers) organized in
community to install and use solar PV technologies primarily for their own needs;
‘Peer to peer’ (P2P) electricity sales (solar PV based) — possibility of selling (and
buying) power surplus produced by prosumers to neighbours directly (avoiding power
market intermediation);

Prosumers (electricity) — consumers which produce power for self-consumption with
solar PVs installed at their site. Able to share or sell produced energy surplus;

‘Sun to Vehicle’ (S2V) — PV panels provide power to chargers for electric vehicles
(EV).

Enabling technology: Solar thermal

Solar collector farms for district heating — array of solar collectors installed at site of
district heating company and producing heat for supply via district heating system;
Prosumers (heat) — consumers which produce heat for self-consumption with solar
collectors installed at their site.

Enabling technology: Artificial intelligence

Accurate forecasts of heat demand — possibility to obtain more accurate forecasts of
heat loads and with this, to improve dispatching of renewable energy technologies and
optimize parameters of heat supply for lower heat losses and improved comfort;
Control over operation of energy technologies — possibility to optimize operation of
various energy technologies, e.g., calculate the best usage or production times based
on market price of electricity;

Accurate forecasts for power production from renewable energy technologies — more
accurate weather forecasts allow better planning of production of wind (also solar)
power technologies and thus improve positions in the electricity market;

Blockchain technologies for power market — mathematical algorithms which enable
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safe and fraud-free transactions in energy sector, e.g., ‘peer-to-peer’ electricity sales.
Power aggregators — grouping of power consumers or prosumers to combine
(aggregate) consumption or production for participation in power market, e.g., selling
power, providing power reserves and flexible demand services;

Smart charge of EV — optimization of loading regimes of EV charge depending on EV
standing duration, time of charge, power market price, etc.

Enabling technology: Power storage with batteries

Power storage for back-up and balancing — electricity storage for planned and
unplanned power outages and power system balance;

Flexible demand/flexibility services in power system — provide fast adjustment of
electricity demand depending on situation with supply and demand in power system;
Electric mobility technologies — provide electric mobility, e.g., electric vehicles;

Enabling technology: Smart grids

Virtual power plants (VPP) — cloud-based aggregation, control and optimization of
distributed power generation capacities to enhance sharing of power and participation
in power market;

Communities of Virtual power plants (cVPP) — group of prosumers mutually using
own (different or the same renewable energy technologies) produced energy by using
coordination center;

‘Vehicle to grid’ (V2G) — electric vehicles, charging and control system which enables
bi-directional power flow, i.e., from grid to EV during charging, and from EV to grid
during peak-hours of power consumption or other time when EV serves as a power
supplier;

‘Vehicle to infrastructure’ (V2I) — provides communication (data exchange) between
vehicles and road infrastructure using an Internet connection.

Enabling technology: Heat pumps

‘Power to heat’ — using excess electricity, produced by intermittent renewable energy
technologies (mainly wind) during hours of low demand, in heat pumps for production
of heat. This way it helps to create flexible demand for intermittent power production;
Waste heat integration into district heating supply — using surplus (waste) heat from
industrial processes, data centers, office buildings, etc. for supply of district heat.
If temperature is too low, it is usually elevated by heat pumps;

Sth generation district heating — bi-directional very low (ambient) temperature district
heating networks, which are connected in the same net with ‘prosumer-based’ heat
substations (including heat pumps) and seasonal energy storages and controlled by
artificial intelligence systems;

Flexible demand/flexibility services — flexible demand of power provided by ‘power-
to-heat’ concept with heat pump technologies.

Enabling technology: Electric vehicles

‘Vehicle to home’ (V2H) — technologies which use idle electric vehicle battery power
as a grid storage tool to mitigate fluctuations from renewable electric power sources
and to help supply backup power in the event of an emergency;

"Vehicle to buildings" (V2B2) — electric vehicles act as vector devices for renewable
energy exchanges among buildings. The main goal behind this concept is to benefit
from the potentiality of electric vehicles toward the achievement of zero-energy target
extended to a buildings cluster level, by exploiting renewable generation on- and off-
site;

EV car-sharing (‘peer to peer’) — shared usage of EV which can be owned by an
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enterprise or by community;
— Shared autonomous electric vehicle — sharing of autonomous (driver-less) EV.
Enabling technology: Electrolysers

— ‘Power to gas’ — producing hydrogen or synthetic gas (SNG) in electrolysis process
powered with electricity produced by renewable energy technologies. By this, the
solution provides flexible demand for intermittent power;

— ‘Power to fuels’ — producing liquid transport fuels with help of hydrogen produced in
electrolysis process powered with electricity produced by renewable energy
technologies. By this, the solution provides flexible demand for intermittent power.

Enabling technology: Wind power

— Floating off-shore wind farms — floating wind energy platforms installed in sea.
Potential to deploy larger areas with smaller influence on society. Floating platforms
reduce specific investment (per unit of capacity) in off-shore wind farms;

— Energy communities (wind power-based) — group of people (prosumers) organized in
community to install and use wind power technologies primarily for their own needs;

— ‘Peer to peer’ (P2P) electricity sales (wind power-based) — possibility of selling (and
buying) power surplus produced by prosumers to neighbours directly (avoiding power
market intermediation);

— Excess power to EV charging — lowering EV charging costs due to lower power market
prices during surplus power production (in hours of large supply and low demand for
power) from wind farms.

3. RESULTS AND DISCUSSION

The results of survey are summarized in the Table 2 according to feasibility and potential.
The table is split into four sectors:

1. Low potential and low feasibility;

2. High potential and low feasibility;
3. Low potential and high feasibility;
4. High potential and high feasibility.

Although selection of 0.55 as the score which divides the ‘low’ and ‘high’ regions is purely
subjective, this approach helps to visually assess an impact of each business model on
reaching climate and energy targets both in terms of potential of addressing the issue and the
possibility of its implementation.

The data shows that most of the assessed business models have a high potential to reduce
GHG emissions. Approximately 20 % of the business models are valued as having low
potential and low feasibility of implementation. This could be due to relatively high cost of
using the technology or limited potential diffusion of the technology. Some of the assessed
business models have a limited scale for reduction of GHG emissions. Approximately 40 %
of the proposed business models have high scores for feasibility of implementation and also
the potential for reduction of GHG emissions is estimated to be significant. This group of
business models could be the one which should be targeted first in energy and climate policy
design. More detailed results, with scores of Expected Impact for each business model, are
shown in figures below.

According to expert opinion, ‘prosumers in electricity demand’ domain provides the greatest
Expected Impact for the use of solar PV power because this solution has relatively high
feasibility and potential for reducing GHG emissions comparing to other solutions.
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TABLE 2. MAPPING OF BUSINESS MODELS ACCORDING TO FEASIBILITY AND POTENTIAL
(ALLOCATED AMONG 4 QUADRANTS REPRESENTING HIGH-LOW FEASIBILITY AND POTENTIAL)

Prosumers (electricity)

Solar collector farms for district heating
Prosumers (heat)

Accurate forecasts of heat demand

Control over operation of energy technologies

Accurate forecasts for power production from
renewable energy technologies

Smart charge of electric vehicles (EV)

Flexible demand/flexibility services in power system
Electric mobility technologies

‘Power to heat’

Flexible demand/flexibility services (heat pumps)

e T EV car-sharing (‘peer-to-peer’)
O
':%0 2 Excess power to EV charging

“‘Solar road’ ‘Sun to heat’ via heat pump technologies in supply side
‘Peer to peer’ (P2P) electricity sales Building integrated photovoltaic (BIPV)
(solar PV based)
Blockchain technologies for power Energy communities (solar PV based)
market

g) Communities of Virtual power plants  ‘Sun to Vehicle’ (S2V)

S (cVPP)

=]

§ “Vehicle to grid’ (V2G) Power aggregators

é ‘Vehicle to infrastructure’ (V2I) Power storage for back-up and balancing

@ ‘Vehicle to home’ (V2H) Virtual power plants (VPP)

<

2 "Vehicle to buildings" (V2B2) Waste heat integration into district heating supply

Q

3 Peer to peer (P2P) electricity sales 5" generation district heating

E (wind power based)

8 Shared autonomous electric vehicle

2 ‘Power to gas’

kS

> ‘Power to fuels’

E 2 Floating off-shore wind farms

] B3

E 2 o‘ Energy communities (wind power based)

Potential of business models based on technologies
Low 0-0.55 High 0.56-1

In Fig. 2 shows the business models of each technology that have received the highest
score of Expected impact in their category.
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Excess power to EV charging . 0.57
Power to gas I 0.37
EV car-sharing ("peer-to-peer") I 0.46
Power to heat I 045
Virtual power plants I 0.3
Electric mobility technologies NI 0.58
Smart charge of electric vehicles (EV) . 048
Solar collector farms for district heating I 046
Prosumers (electricity) I 0.52
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

m Expected impact

Fig. 2. Expected Impact of on scale 0—1 of business models with highest score in category.

‘Solar collector farms for district heating’ have the largest score among the two business
models enabled by ‘solar thermal’ technologies. The results of Expected Impact of the ‘power
storage with batteries’ show that electric mobility technologies, such as electric vehicles, have
the largest score of 0.58 from all business models, and are among the most promising
technologies in the future developments. The greatest potential of business models enabled
by ‘smart grid’ technologies could be ‘virtual power plants’. It could be related to
development of artificial intelligence in the future and almost limitless possibilities of
digitalization. The greatest potential among the business models enabled by EV could be EV
car sharing. This technology is already in use in many places. Although studies have shown
that this option does not reduce the number of vehicles, their use is more environmentally
friendly compared to the fossil fuel vehicles. The obtained score of Expected Impact for
‘electrolysis technology’ could be considered as average, and the results are quite close for
both offered business models. ‘Power to gas’ scores a little bit better since it could ensure
possibility to produce synthetic natural gas, which can be stored and delivered via the existing
infrastructure. The largest score of the Expected Impact among the business models enabled
by ‘wind power technologies’ is reached by ‘excess power to EV charging’ which is quite
surprising considering the other alternatives. Fig.3 shows business models of each
technology that have received the lowest score of the expected impact in their category.

The ‘solar road’ has received the fewest points, most likely because of complexity of
implementing the technology and high costs. Prosumers (heat) — could be due to the fact that
the probability of prosumers operating in the heating domain is lower, and district heating
also makes a greater contribution to reducing GHG emissions. ‘Vehicle to grid’ solution,
which is very promising technology for managing of power supply and demand, has obtained
the lowest result. This can be explained by large investments and required restructuring of
the existing power distribution system for introduction of this technology. Use of the heat
pumps in 5th generation district heating has obtained the lowest score because according to
experts, feasibility of this solution has the lowest scores in this category. ‘Vehicle to
buildings’ solution, which in our opinion, is an interesting service that could provide RES for
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non-renovated buildings. Although the cost of the service should not be high, it is very
complicated in terms of provision. ‘Wind power — based energy communities’ which may be
related to relatively complicated installation of wind farms and wind turbines due to resistance
from local communities as well as high costs of the turbines.
Energy communities (wind power based) . 0.26
Power to fuels I 0.35
Vehicle to buldings I 0.22
5th generation district heating I 0.35
Vehicle to grid I 0.23
Flexible demand/flexibility services in power system [T 0.4
Blockchain technologies for power market [ 0.3
Prosumers(heat) I 0.39
Solarroad N 0.07

0 005 01 015 02 025 03 035 04 045

m Expected impact
Fig. 3. Expected Impact on scale 0—1 of business models with lowest score in category.

Fig. 4 evaluates four business models with the highest expected impact of all technologies.

Smart charge of electric vehicles (EV) _ 0.48
Excess power to EV charging _ 0.57
Electric mobility technologies _ 0.58
Prosumers (electricity) — 0.52

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

u Expected impact

Fig. 4. Expected Impact on scale 0-1 of business models with highest score of technologies.

According to the summary of the results, out of all possible business models, the three
highest positions have been taken by the business models offered by different types of EV.
This could be explained by the fact, that the technology due to EV transport is sufficiently
developed and continues to improve, as well as the interest of people is increasing. This is an
opportunity to increase the impact of EV in the road transport sector, as well as to move
towards the necessary climate neutrality targets.
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The results of the expert interviews also showed differences in the assigned scores
depending on profile of the experts. Among experts working purely in the field of energy
engineering in the energy company, the three largest scores of Expected Impact were assigned
to ‘energy communities (solar PV-based)’, ‘solar collector farms for district heating’ and
‘power-to-fuels’. Among the experts working in the fields of environmental engineering and
energy at the university, the three largest scores were assigned to ‘electric mobility
technologies’, ‘excess power to EV charging’ and ‘EV car-sharing (‘peer-to-peer’)’.

4. CONCLUSIONS

Results of the study show that electric mobility could be the solution that have the largest
potential for reducing GHG emissions among all business models considered. These results
were obtained from expert interviews which were collected by using the questionnaire
representing map of business models enabled by different technologies in the main energy
domains. The mapping of the business models was done by using analysis of publications.
The current study can be considered as the first step and test of the methodology designed for
assessing the potential impact of different business models on reaching climate and energy
targets. The methodological approach can be used in other countries as well, with adjustment
of the business models and the energy domains to the local specifics. Such a study provides
an opportunity for a country or region to identify the key opportunities that it should focus
on. The results of this study will be used in creating system dynamics model for energy
transition.

ACKNOWLEDGMENT

This study has been funded by the Latvian Council of Science within the research project ‘Simulator for transition to
sustainable energy systems (SET4LOW)’ No. 1zp-2020/2-0191.

REFERENCES

[1] Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL establishing the
framework for achieving climate neutrality and amending Regulation (EU) 2018/1999 (European Climate Law).
Brussels: European Commission, 2020.

[2] Henner D., REN21. Global status report. Paris: REN21, 2017.

[3] Energy information aministration. Fossil fuels account for the largest share of U.S. energy production and consumption.
2020 [Online]. [Accessed 27.12.2020]. Available: https://www.eia.gov/todayinenergy/detail.php?id=45096

[4] Energy information aministration. EIA projects nearly 50% increase in world energy usage by 2050, ed by growth in
Asia [Online]. [Accessed 12.12.2020] Available: https://www.eia.gov/todayinenergy/detail.php?id=41433

[5] Gholami H., Restvik H. N. Economic analysis of BIPV systems as a building envelope material for building skins in
Europe. Energy 2020:204:117931. https://doi.org/10.1016/j.energy.2020.117931

[6] Gholami H., er al. Lifecycle cost analysis (LCCA) of tailor-made building integrated photovoltaics (BIPV) fagade:
Solsmaragden case study in Norway. Sol. Energy 2020:211:488-502. https://doi.org/10.1016/j.solener.2020.09.087

[7]1 Settou B., et al. GIS-based method for future prospect of energy supply in Algerian road transport sector using solar
roads technology. Energy Procedia 2019:162:221-230. https://doi.org/10.1016/j.egypro.2019.04.024

[8] LiuZ., et al. Towards feasibility of photovoltaic road for urban traffic-solar energy estimation using street view image.
J. Clean. Prod. 2019:228:303-318. https://doi.org/10.1016/j.jclepro.2019.04.262

[91 Bolwigs,. et al. Climate-friendly but socially rejected energy-transition pathways: The integration of techno-economic
and socio-technical approaches in the Nordic-Baltic region. Energy Res. Soc. Sci. 2020:67:101559.
https://doi.org/10.1016/j.erss.2020.101559

[10] Brennan N., van Rensburg T. M. Public preferences for wind farms involving electricity trade and citizen engagement
in Ireland. Energy Policy 2020:147:111872. https://doi.org/10.1016/j.enpol.2020.111872

[11] Ladenburg J., et al. The offshore-onshore conundrum: Preferences for wind energy considering spatial data in
Denmark. Renew. Sustain. Energy Rev. 2020:121:109711. https://doi.org/10.1016/j.rser.2020.109711

1163


https://www.eia.gov/todayinenergy/detail.php?id=45096
https://www.eia.gov/todayinenergy/detail.php?id=41433
https://doi.org/10.1016/j.energy.2020.117931
https://doi.org/10.1016/j.solener.2020.09.087
https://doi.org/10.1016/j.egypro.2019.04.024
https://doi.org/10.1016/j.jclepro.2019.04.262
https://doi.org/10.1016/j.erss.2020.101559
https://doi.org/10.1016/j.enpol.2020.111872
https://doi.org/10.1016/j.rser.2020.109711

Environmental and Climate Technologies

2021/25

[12] Ghenai C., et al. Design of Hybrid Solar Photovoltaics/Shrouded Wind Turbine Power System for Thermal Pyrolysis
of Plastic Waste. Case Stud. Therm. Eng. 2020:22:100773. https://doi.org/10.1016/j.csite.2020.100773

[13] Chrysochoidis-Antsos N., Escudé M. R., van Wijk A. J. M. Technical potential of on-site wind powered hydrogen
producing refuelling stations in the Netherlands. Int. J. Hydrogen Energy 2020:45(46):25096-25108.
https://doi.org/10.1016/j.ijhydene.2020.06.125

[14] Xiong B., et al. Spatial flexibility in redispatch: Supporting low carbon energy systems with Power-to-Gas. Appl.
Energy 2020:283:116201. https://doi.org/10.1016/j.apenergy.2020.116201

[15] Niemeld T., Kosonen R., Jokisalo J. Cost-optimal energy performance renovation measures of educational buildings
in cold climate. Appl. Energy 2016:183:1005-1020. https://doi.org/10.1016/j.apenergy.2016.09.044

[16] Niemela T., Kosonen R., Jokisalo J. Cost-effectiveness of energy performance renovation measures in Finnish brick
apartment buildings. Energy Build. 2017:137:60-75. https://doi.org/10.1016/j.enbuild.2016.12.031

[17] Niemela T., Kosonen R., Jokisalo J. Energy performance and environmental impact analysis of cost-optimal renovation
solutions of large panel apartment buildings in Finland. Sustain. Cities Soc. 2017:32:9-30.
https://doi.org/10.1016/j.scs.2017.02.017

[18] Wang Z. Heat pumps with district heating for the UK’s domestic heating: Individual versus district level. Energy
Procedia 2018:149:354-362. https:/doi.org/10.1016/j.egypro.2018.08.199

[19] Timmerberg S., Kaltschmitt M., Finkbeiner M. Hydrogen and hydrogen-derived fuels through methane decomposition
of natural gas — GHG emissions and costs. Energy Convers. Manag. X 2020:7:100043.
https://doi.org/10.1016/j.ecmx.2020.100043

[20] Menad C. A., Gomri R., Bouchahdane M. Data on safe hydrogen production from the solar photovoltaic solar panel
through  alkaline electrolyser ~under  Algerian climate. Data in  Brief 2018:21:1051-1060.
https://doi.org/10.1016/j.dib.2018.10.106

[21] Maruf M. H., et al. Adaptation for sustainable implementation of Smart Grid in developing countries like Bangladesh.
Energy Reports 2020:6:2520-2530. https://doi.org/10.1016/j.egyr.2020.09.010

[22] Bagdadee A. H., et al. Energy management for the industrial sector in smart grid system. Energy Reports 2020:6:1432—
1442. https://doi.org/10.1016/j.egyr.2020.11.005

[23] Hauben M., Hartford C. G. Artificial Intelligence in Pharmacovigilance: Scoping Points to Consider. Clin. Ther.
2021:43(2):372-379. https://doi.org/10.1016/j.clinthera.2020.12.014

[24] Pan Y., Zhang L. Roles of artificial intelligence in construction engineering and management: A critical review and
future trends. Automation in Construction 2021:122:103517. https://doi.org/10.1016/j.autcon.2020.103517

[25] Brown J., Abate A., Rogers A. Disaggregation of household solar energy generation using censored smart meter data.
Energy Build. 2021:231:110617. https://doi.org/10.1016/j.enbuild.2020.110617

[26] Eurostat. Share of energy from renewable sources. 2019 [Online]. [Accessed 20.12.2020]. Available:
https://appsso.eurostat.ec.europa.eu/nui/setupDownloads.do

[27] Mehrjerdi H. Resilience oriented vehicle-to-home operation based on battery swapping mechanism. Energy
2021:218:119528. https://doi.org/10.1016/j.energy.2020.119528

1164


https://doi.org/10.1016/j.csite.2020.100773
https://doi.org/10.1016/j.ijhydene.2020.06.125
https://doi.org/10.1016/j.apenergy.2020.116201
https://doi.org/10.1016/j.apenergy.2016.09.044
https://doi.org/10.1016/j.enbuild.2016.12.031
https://doi.org/10.1016/j.scs.2017.02.017
https://doi.org/10.1016/j.egypro.2018.08.199
https://doi.org/10.1016/j.ecmx.2020.100043
https://doi.org/10.1016/j.dib.2018.10.106
https://doi.org/10.1016/j.egyr.2020.09.010
https://doi.org/10.1016/j.egyr.2020.11.005
https://doi.org/10.1016/j.clinthera.2020.12.014
https://doi.org/10.1016/j.autcon.2020.103517
https://doi.org/10.1016/j.enbuild.2020.110617
https://appsso.eurostat.ec.europa.eu/nui/setupDownloads.do
https://doi.org/10.1016/j.energy.2020.119528

	1. Introduction
	2. Methods
	3. Results and Discussion
	1.
	2.

	4. Conclusions
	References

