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It analyses data published in the Copernicus Monthly Climate Bulletin in
November 2024, which indicate that this year will be the warmest year on record
and the first year to exceed pre-industrial levels by more than 1.5°C compared to
pre-industrial levels in ERAS data. This should be a catalyst for stepping up
climate action. The International Energy Agency forecasts that, thanks to the
growth of solar photovoltaics and wind power, clean energy will become the
world’s largest source of energy by the mid-2030s. It analyses Norway'’s efforts
to decarbonise. According to the International Energy Agency’s data presented
in the document “Norway 2022: An Energy Policy Review”, Norway has more
electric cars per capita than any other country in the world. The vast majority of
all new passenger cars sold in 2021 were electric cars powered by renewable
energy sources. Norway is also rolling out an extensive charging network.
Norway is actively implementing various financial incentives to stimulate the
development of electromobility: zero-emission cars benefit from VAT and
registration tax exemptions. Hybrid electric cars are eligible for reduced
registration tax. The special role of hydropower in meeting the energy needs of
Norway is shown, where this industry plays a key role and may remain very
significant in the future with investments in the reconstruction of existing
stations. It is noted that most European countries do not have significant
hydropower resources, so large-scale development of corresponding stations is
practically impossible for them. It is emphasized that in some areas of the world
where appropriate conditions exist, hydropower may continue to actively
develop, but in general this area of energy in the future will only have auxiliary
significance. It is indicated that to ensure sustainable development of humanity
and decarbonization of the world economy, it is advisable to actively develop
wind, especially offshore wind energy, and solar power plants. Taking into
account new circumstances and trends, innovative small modular nuclear
reactors, which can be a key source of climate-neutral energy, are gaining
particular importance for the world energy sector in the near future. The most
important factor in the development of the world economy is also electromobility.

Ananizytomocs  Oawui, onybonikoeaui 6 IlJomicaunomy KiimMamuuHomy
oronemeni Konepuux y aucmonaoi 2024 poky, saxi ceiouamv, wo yei pix cmaue
HAUMeNniwumM poKoOM 3d 6CI0 ICMOPIIO CROCMEpPeMCeHb I nepuum poKom, KOJuU

memnepamypa nepesuwums O0iHOycmpianvui pieni Oinvw Hixne Ha 1,5°C



NnopieHAHO 3 Oo0iHOycmpianvHumu pieuamu oanux ERAS. Ile mae cmamu
Kamanizamopom 0is. akmueizayii’ 3ycunv 3i 30epedcenns kiimamy. Y npoenosax
Misxcnapoonoz2o enepeemuuH020 a2eHMCmMBa CMEepONCYEMbCA, WO 3A80KU
3POCMAHHIO COHAYHOI homoenexmpuunoi ma 6imposoi enepeii uucma euepeis
cmae HaubOitbwum Odceperom euepeii y ceimi 6 cepeouni 2030-x poxis.
Ananizyrtomocs  sycunnn Hopeeeii vy wnanpsami Oexapbowuizayii. 3a Oanumu
Mixcnapoonozo enepeemuynoco azeHmcmed, npeocmasieHumMu y OOKYMeHmI
«Hopeeciss 2022. QOenao enepeemuunoi nonimuxuy, y Hopeeeii na oyuy
HaceneHHs npunadac Oinvule eneKmpomooinie, Hixc y 0yO0b-aKiu [HWIl KpaiHi
ceimy. Ilpu yvomy nepegasicha Oinbuwicms YCiX HOBUX N1€2KOBUX ABMOMOOLNIS,
npooanux y 2021 poyi, Oyau erekmpomooOinamMuy, AKi Hpaywowoms  8io
noHo808anUx Odxcepen enepeii. ¥ Hopeezii maxoowc 8i00yeacmvbcs po3eopmanisi
wupokoi 3apsaonoi mepedici. Hopeecisi akmueno enposadaicye pisui iHancosi
niteeu ONsl CIMUMYTIOBAHHSA PO3GUMK)Y eeKMPOMOOLIbHOCMI:  a8momooini 3
HYIbOBUM DIBHEM GUKUOIE KOPUCMYIOMbCS NilbedMU 3 NOOAMKY HA 000aHY
sapmicms ma peecmpayiino20 nooamky. Jna  2iOpuOHux — eneKkmpudHux
asmomo0iNi6 HA0AEMbCS 3HUNCEHUU peccmpayitinuil nooamok. Brazyemucs, wo
011 3a0e3neyenHss cmano2o po36UmMKY JH0Cmea ma O0ekapOoHizayii c8imosoi
EKOHOMIKU OOYINbHUM € AKMUBHULU PO3BUMOK 6IMpoBoi, 0cobOaUB0 MOPCHLKOI
8IMpPOBOI  eHepeemuKu, COHAYHUX eNeKmpOCmaHyit, 2ciopoenepeemuru. 3
VPAXYBAHHAM HOBUX O0OCMABUH | MEHOeHYIU Yy HAuOIUNCUili nepcnekmusi
0CoOIUBOT BadcaIUBOCMI OJisl C8IMOBOI eHepeemuKuy Ha0y8ams IHHOBAYIUHI MAli
MOOYNIbHI  AMOMHI  peakmopu, AKi MOXCYymb Oymu KIOHY08UM  OHCEPEIOM
KAIMAMUyHo HeumpanivHoi ewnepeii. Hausadcausivuum YUHHUKOM — PO3GUMKY

C8IMOBOI eKOHOMIKU MAKONC € eN1eKMPOMOOIIbHICMb.
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Statement of the problem in a general form and its connection with
important scientific or practical tasks. The active dynamics of the world
economy in recent decades is associated with a significant increase in energy use.
Such use has already led to noticeable negative changes in the climate. The
solution of environmental problems with unconditional economic growth plays a
key role in determining the future of the planet. It is interesting to consider various
aspects of decarbonization taking into account the experience of Norway, which
has achieved very significant success in this area and can serve as a benchmark for
many other countries.

Analysis of the latest research and publications, in which the solution to
this problem was initiated and on which the author relies, selection of
previously unsolved parts of the general problem, to which the article is
devoted. The issues of sustainable economic development, the problem of
overcoming the consequences of climate change, the development of progressive
energy sources are of interest to experts, scientists and specialists in the production
sector. The authors of forecast studies include such prominent experts in this field
as: Fatih Birol, Jarmo Tanhua, Essi Lehto, Jari Tanner, Nora Buli, Claudia
Kemfert, Rolf Woistenhagen, Jens Turau, Ravi Kotecha, Darrell Proctor.
Researchers are developing issues of global sustainable development and its
energy components.

Formulation of the goals of the article (statement of the task). The aim of
the article is to formulate a model of decarbonization and development of global
energy, highlighting the tasks of the near and distant future in the context of
sustainable development.

Results. Analytical data published in the Monthly Climate Bulletin by the
international climate research organization Copernicus in November 2024 show
the following. Samantha Burgess, Deputy Director of the Copernicus Climate
Change Service (C3S): “After 10 months of 2024 it is now virtually certain that
2024 will be the warmest year on record and the first year of more than 1.5°C

above pre-industrial levels according to the ERA5 dataset. This marks a new



milestone in global temperature records and should serve as a catalyst to raise
ambition for the upcoming Climate Change Conference, COP29.” [1].

Air temperature anomalies show serious negative dynamics (Fig. 1). Such
dynamics have been actively manifested since the 1980s and continue to increase.
The levels of temperature anomalies are currently more than three times higher
than the anomalies of the 1950s. Negative weather anomalies were observed in all
regions of the planet, for example, destructive hurricanes off the coast of the
United States, the damage from which is estimated at tens of billions of dollars,
droughts that caused significant damage to the 2024 harvest, melting glaciers, the

advance of deserts, and the flooding of many territories due to rising sea levels.

2024 on track to be warmest year and first year above 1.5°C an
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Figure. 1. Annual global surface air temperature anomalies (°C) relative to
1850-1900 from 1940 to 2024.
Source: [1].
In the Stated Policies Scenario (STEPS), clean energy deployment

accelerates as the pace of overall energy demand growth slows, leading to a peak
in all three fossil fuels before 2030 ((Fig. 2). Increasing reductions in coal demand
means it is overtaken by natural gas in the global energy mix by 2030. Clean
energy grows more than total energy demand between 2023 and 2035. Led by
surging solar photovoltaic (PV) and wind power, clean energy becomes the largest
source of energy in the mid-2030s. Although the STEPS sees a threefold increase

in renewables that brings fossil fuel use down from 80% of total energy demand in



2023 to 58% in 2050, this falls far short of the step change that occurs in the
Announced Pledges Scenario (APS) and the Net Zero Emissions by 2050 (NZE)
Scenario, especially the latter. In both these scenarios, renewables begin to rapidly
eat into the fossil fuel market share. By 2035, clean energy meets 40% of global
energy demand in the APS, and this rises to nearly three-quarters by 2050. In the
NZE Scenario, clean energy meets 90% of global energy demand in 2050 [2].
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Figure 2. Global energy mix by scenario to 2050. Notes: EJ = exajoules;
STEPS = Stated Policies Scenario; APS = Announced Pledges Scenario;
NZE = Net Zero Emissions by 2050 Scenario.

Source: [2].

The International Energy Agency (IEA) prepared the document «Norway
2022. Energy Policy Review» [3]. Dr. Fatih Birol, Executive Director International
Energy Agency, commends Norway for its efforts to decarbonise its economy,
noting in particular the following: «Since the last IEA in-depth review in 2017,
Norway has remained a global pillar of energy security, providing the world with
stable supplies of oil and gas produced in an environmentally responsible manner.
Thanks to its ample reserves of oil and natural gas, Norway remains a significant
international supplier, with close to 90 % of its energy production exported...
Norway has an opportunity, therefore, to show the world how to undertake
complex emissions reductions, as all countries will eventually face this issue.
Norway’s existing expertise can help it achieve a successful energy and climate

transition... If the right policies and incentives are put in place, Norway is well



placed to lead the world in decarbonising a wide range of sectors through
technologies such as electric vehicles, carbon capture, utilisation and storage, and
hydrogen» [3].

According to data International Energy Agency, presented in the document
«Norway 2022. Energy Policy Review» [3]: «Norway has more electric cars per
capita than any country in the world. Around 86% of all new passenger cars sold in
2021 were EVs (with 64.5% being fully battery electric), drawing from a
renewables-based electricity grid. In comparison, less than 14% of new passenger
cars sold in 2021 were regular internal combustion cars. Norway is a relatively
small car market with about 2.9 million passenger cars. By the beginning of
November 2021, 436 807 cars (15.1%) were fully electric...».

The limited number of charging stations for electric vehicles in Europe and
globally is holding back the development of electromobility. In this regard, it is
important to highlight the attention that Norway is paying to the deployment of a
wide network of such charging stations. In the document International Energy
Agency It is indicated that:«In 2021, 18 086 public electric chargers were available
in the country, of which 5 225 were fast chargers. In addition, Tesla had 1 182
electric chargers for Tesla cars in 2021. The country has 0.35 public charging
points for every 10 EVs» [3].

Norway is actively implementing various incentives to stimulate the
development of electric mobility: “ZEVs benefit from VAT (25 %) and registration
tax (around EUR 10 000 on average) exemptions. PHEVs benefit from a reduced
registration tax, though this reduction is subject to stricter conditions since January
2022. Moreover, the government introduced a rule that ZEVs should pay no more
than half of what conventional vehicles pay for parking, boarding ferries and
driving on toll roads. The rate up to the 50% level is decided by local authorities.
Estimated at almost NOK 18.7 billion in 2021 (EUR 1.9 billion), the benefits come

with substantial costs” [3].



Analysis of the International Energy Agency review presented in the
document «Norway 2022. Energy Policy Review» [3], allowed us to establish the
following:

- the Scandinavian countries have formed a joint electricity market, it is also
connected with other Northern European countries, for example, with Germany,
the Netherlands, Poland, Lithuania, Latvia, Estonia;

- in recent years, Norway has been a net exporter of electricity to other
countries, providing 20.5 TWh of net exports in 2020, which made it one of the
largest energy exporters in Europe;

- in the review of the International Energy Agency, solar stations will show a
very strong increase in capacity (table 1), so in 2025 it is expected to reach a
capacity of 699 MW, and by 2030 up to 1796 MW, that is, 6 times compared to
2021.

- the country's wind power, as suggested by the authors of the document
"Norway 2022. Energy Policy Review", will grow very slowly until 2025 (up to a
capacity of 5041 MW) based on those licenses that have been issued for a long
time, but the Norwegian Water Resources and Energy Directorate predicts that
"offshore wind will only start to contribute after 2030 and will generate 7 TWh of
energy in 2040" [3];

- the most important for the country's energy are hydroelectric power plants,
they make up 88% of the country's generating capacity from 1690 hydroelectric
power plants (Energy Facts Norway, 2021) [3];

- The Norwegian government has targets for increasing offshore wind
capacity, in 2020 Norway opened two offshore wind zones with a total capacity of
up to 4.5 GW, with 3 GW of capacity set at Sgrlige Nordsja Il, where the turbines
will be located fixed to the seabed in an average water depth of 60 meters, while
another zone, Utsira Nord, has a maximum floating wind capacity of 1.5 GW. The
government's goal is to promote offshore wind development through a large-scale

national strategy [3].



Table 1. Electricity generation capacity growth projections in Norway
(MW), 2021-2030.

View 2021 2025 2030

Hydro 33269 34092 34701

Wind 4929 5041 5019

Solar PV 300 699 1796

Thermal 315 315 315
Source: [3].

The Scandinavian countries have different attitudes towards the use of
nuclear energy to generate electricity. Sweden currently, according to the
International Atomic Energy Agency [4], (as of November 2024) operates 6
nuclear reactors, the total capacity of these reactors is 7008 MW(e), and another 7
reactors (total capacity 4054 MW(e)) are permanently shut down. In 2023,
Sweden's nuclear power plants produced 46679 GWh of energy, which is 28.6% of
the country's total electricity. The share of nuclear energy in Sweden's energy
balance has changed significantly over the years. Thus, in 2005 it was 45%, then it
decreased, for example, in 2010 - to 38%, in 2015 - to 34%, in 2020 - to 29% [4].
At this level, the indicator has stabilized in recent years.

Finland is significantly inferior to Sweden in terms of the total capacity of
nuclear power units. According to the International Atomic Energy Agency [5],
Finland has 5 nuclear reactors with a total capacity of 4,369 MW(e). Since 2005
(33%), the share of nuclear energy has increased significantly (42% in 2023). This
is largely due to the commissioning of the largest nuclear reactor in Europe and
one of the largest in the world, Olkiluoto 3, which has an electrical capacity of
1,600 MWe [5]. Scandinavian countries such as Norway and Denmark currently do
not have nuclear power plants.

Norway is an important example country for other countries in the world in
the development of electric mobility, as evidenced by the review "Norway 2022.

Energy Policy Review" [3] (Fig. 3).
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Figure 3. Registered electric vehicles and public charging stations in Norway,
2012-2021.
Source: [3].

In 2012, there were very few electric vehicles in Norway, in a short period of
time, by 2016, the total number of battery electric vehicles (BEV); plug-in hybrid
electric vehicles (PHEV) exceeded 100 thousand, in 2018 the number of electric
vehicles already exceeded 200 thousand. It is noteworthy that the trend that
manifested itself from the very beginning of the emergence of electric vehicles and
has persisted all the time is a pronounced dominance of BEVs in the composition
of electric vehicles and about three times less PHEVs. The growth in the number of
electric vehicles in Norway was so rapid that it can be clearly characterized by the
following figure: the number of electric vehicles from 2015 to 2021 increased
almost 10 times, which is unique.

According to the International Atomic Energy Agency (IAEA) [6], there
were 415 nuclear reactors in the world (as of November 20, 2024). It is important
to emphasize that the overwhelming majority of reactors were built a long time
ago, to illustrate this, it can be noted that there are 290 reactors that are 30 years
old or older, and 38 reactors are more than 50 years old. It is obvious that even to
maintain the capacity of nuclear energy at the current level, it is necessary to put
into operation new units of nuclear power plants to replace those that are being
retired or to find other solutions to energy problems. At the same time, it is also

necessary to take into account the circumstance, which can be predicted with all



certainty, that modern global civilization will need significantly more energy and
its production will need to be ensured.
Global Energy Outlook Model.

Given the forecasts for the development of the world economy, which
provide for a significant increase in the need for energy, especially electrical
energy, it is necessary to develop a program for the development of global energy,
which assumes a significant increase in the production of electricity and, most
importantly, the dominant production of primary electricity using climate-neutral
sources, in the name of preserving the planet's climate. The volumes of energy
production with zero emissions must be as significant as never before. Let us
consider the following energy sources in this context.

A). Wind energy. It is expected to be the most important energy source on a
global scale in the future. Wind energy has not had a high capacity factor for a long
time. In the last few decades, as a result of innovative efforts, this parameter has
been increased many times over, and the capacity of individual wind turbines has
increased significantly. Relatively recently, such capacity did not exceed 2-3 MW,
but now there are individual installations with a capacity of 20 MW. An innovative
solution is to place wind turbines offshore, in coastal areas in shallow waters,
where wind parks of several hundred installations can be created. The total
capacity of such power plants can be comparable, for example, to a high-capacity
unit of a nuclear power plant. The construction of wind power plants offshore is
difficult, but in marine conditions there is almost always quite intense wind and the
capacity factor of offshore wind power plants can reach 50%. Today, a very
significant amount of electricity, more than half of the total volume, is already
generated in Denmark. There are plans among the Nordic countries to jointly build
offshore wind farms in the North and Baltic Seas. It can be assumed that wind
energy will be the main source of energy for humanity in the future.

B). Solar energy. Second in importance after wind energy in terms of
meeting the needs of mankind. In many desert areas of the planet it can be the main

source of energy and even surpass all other sources. In other areas, for example in



Europe, it can be an auxiliary source of energy. Throughout the world, in Norway,
in particular, there is an intensive increase in electricity generation using solar
power plants. This process will probably increase in the future.

C). Hydropower. In Norway it plays a key role and can remain very
significant in the future with investments in the reconstruction of existing stations.
Most European countries do not have significant hydropower resources, so any
large-scale development of corresponding stations for them is practically
impossible. In some areas of the world, hydropower can develop, but in general
this area of energy will be of only auxiliary importance.

D). Nuclear energy. The construction of traditional large nuclear reactors,
which have been providing nuclear power for a long time now, is a complex
problem. Such reactors are very expensive. There have been at least two recent
examples of nuclear power plant construction in Europe being bequeathed with
multiple increases in project deadlines and costs. According to the Associated
Press, the 1,600 MW Olkiluoto 3 nuclear reactor in Finland was commissioned in
2022. Its construction was delayed by 14 years. Construction of the Olkiluoto 3
reactor began in 2005 and was scheduled to be completed in 4 years. Experts
estimated the final cost of Olkiluoto 3 at approximately €11 billion (US$12
billion), almost three times the original cost [7, 8]. Another case took place in
France. According to Deutsche Welle, the 1,630 MW Flamanville-3 reactor was
built by mid-2024. Its construction took 17 years, and the cost reached €12.7
billion, four times the original estimate [9]. It can be argued that traditional large
nuclear reactors have a very high risk of multiple increases in construction time
and cost. These are very important factors that will restrain the development of
such reactors.

E) As we see it, in the near future the very wide use of small modular
nuclear reactors (with the capacity of one unit usually around 70-80 MW) and
nuclear microreactors (with the capacity of 10 MW) can be extremely significant.
This is due to many important advantages of SMRs, namely: modular design,

relative simplicity, increased safety of the design, much shorter construction times



and costs compared to traditional large nuclear reactors, the possibility of serial
production of modules at factories and their installation at the construction site,
small capacity of one unit and the possibility of relatively quickly installing
additional units as needed, wider placement options, high capacity factor. With all
the positive qualities of wind and solar power plants, they have a significantly
lower capacity factor, depend on the weather, wind energy, sunlight. To build a
sufficiently powerful wind power plant, especially an offshore one, many wind
turbines are needed, sometimes hundreds, which is difficult and time-consuming.
Offshore conditions cause additional difficulties for the installation of installations
and transmission of energy to the points of consumption. In order to decommission
the most climate-damaging coal power plants, which are currently widespread in
the world, in the short term, it is most expedient to use SMRs, since all other
energy sources will not be able to cope with this task so quickly. It can therefore be
stated that, in our opinion, SMRs are a new, innovative and key factor in
decarbonization in the near future. This does not mean that in the long term,
humanity will not be able to almost completely abandon the use of nuclear power
plants. Such a situation is possible and expedient, with a high degree of
probability, when wind energy as a clearly dominant and solar energy, hydropower
and bioenergy will mainly meet the global needs of humanity. The use of nuclear
energy in such a situation will be extremely limited, in some special cases.

F) The comprehensive use of all components is an important condition for
the success of the decarbonization of the economy: we are talking about the
development of advanced types of energy, taking into account their benefits for
specific circumstances - SMRs, wind and solar energy, traditional nuclear energy,
hydropower, bioenergy. Electric energy obtained in a climate-neutral way should
be effectively used in the economy, in transport, where the key is the complete
transition to electric vehicles on a global scale, the use of electricity and hydrogen
fuel on railways and in maritime transport, in other areas.

Conclusions. The study established the following. Analysis of

comprehensive and detailed information from the most authoritative international



organizations studying meteorological processes, global climate change is
becoming increasingly intense and negative in its content. Norway occupies a
unique position in the world in the development of climate-neutral energy
production, in particular, hydropower, the rate of increase in the number of electric
vehicles and public charging stations. To ensure sustainable development of
mankind and decarbonization of the world economy, it is advisable to actively
develop wind, especially offshore wind energy, solar power plants, and
hydropower. Taking into account the new circumstances and trends in the near
future, innovative small modular nuclear reactors, which can act as a key source of
climate-neutral energy, are of particular importance for the global energy sector, as
we see it. The most important factor in the development of the world economy is

electric mobility and a complete rejection of engines using gasoline and diesel fuel.
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