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Introduction

There is an opinion both among the skeptics and the optimists, that there is currently no room fo
l ong vVvisions of Russiads economic and deca
need a future and visions of the future. As correctly statetd mt iBack t o t he
Orhefuturei s writtenyett Mat t My k | ulackBhackiandImagineNation® mak e s

e v en s tTheofutugeeis not written. It lies in the choices you maRar future is ours to
decide. Always. To decide orour future we need anap of pathways that lead to the desired
future statuses. To map these pathways, we need to climb a high tree in the thick forest to se
what is around us and which directions are available. The time horizon for this study is 2060, sc
there are about forty years ahead. The history can give us a feeling of what may happen in th
next forty years. Forty years ago (in 1982) there was USSR ruled by Breamhéire Russians

had no vision, that in 10 onydiffzrent goentyr Is @éhert i m
words, extrapolation doesnodét al ways help. C
Visions of a |l ow carbon futur e arfuelsandasc t a

materials exports to the global and regioloal carbonmarikets, where low carbon footprint is
becoming critical, while carbon price mechanisms undermine the competitiveness of carbon
intensive productsThe future of carbeintense markets is not bright, in contrasthigh-tech
products and service®m the emergng trillions-of-dollarsworth low carbon marketswhich
Russia needs to penetrate. Any development shelylnthe leastcostly technology solutions

It is expected that in the 2020s and 2030s low carbon technologies will becommestggsghan

the traditional processes. Producers and countries which will be lagging behind will lose the
economic development momentum. Many sectors and industries neetédongisions when
making investment decisions to avoid having their assets stranded. Any famhilghidren

need longterm visions on the potential futures ahead.

Russia has pledged for 2060 carbon neutrality. However, the pathways to this goal are yet to b
explored. This is challenging partly due to the lack of lonagerm models for the whole
ecoromy and for the key sectors working on the time horizon beyond. 2Zbtsbefore, expert

and policymaking communities have to stop in 2050, with only intuition &hdd search
prompting whether carbameutrality is attainable in the mist of the 2050s.

The first task, which this study was seeking to achieve, was to further deQ&biEFX X 1 0 s
model seto extend the time horizon and improve the technological and costs details by sectors.
The overall goal was to better capture the effectkegf mitigation opions, and thepotential
effects of global low carbon transitomnd t he restrictions that
operation This model set is presented in Chapter 2.

The initial purpose of Bapter3 wasto asessthe systemic impacts of losarbon trasition on

the global scale and of Russiads key trade
onthe selected pathwaysr e aki ng down this assessment I n
exports andn its potentialto penetrat the emergig low carbon marketsAfter February 24,

this purpose was modified to also capture loergn impacts of thestrong and escalating
sanctions

One lesson from the future is that there is no busiasssual for thedecadeso come; instead,
businessasunusual needs to be in the foct®r Russia, there will be no businessusual even

in the short and mediurterm The task wa to develop visions to embrace the range of
uncertainty which greatly increased after February T2#tee sets of scenario stondis were
developed to cover the abruptly widening uncertainty zone to draw the pathways which may
bring Russia to carbon neutraliip 2060: 4S1 Stagnation Sanctions, Selsufficiency,which

may be alternatively titleBorward-to-the-Past(as the opposite to thgackto-the-Future); 4D 1
Development Driven by Decarbonization and Democratizatidrich opens the door for Russia

to return to the global economyF i Fossil Fuels for Feedstockvhich builds upoD and
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allows Russia to use itfssil fuel resources for neenergy useThe story lines for these
pathways are described in Chapter 4.

The next three chapteiis five, six and seven present the results ohodel runs for each
alternative conceptual pathway to assess the trajectovesds carbomeutrality and theosts

and benefits associated with different foarbon developmemathways. ©ntributions from
different sectorgpower and heat generation, industry, transportation, buildings, agriculture,
waste management, LULUCE) the carbon neutralityperspective were assessed, arolilding

on this evaluatioii recommendationsvere developedor potential sectoal policy goals and
instruments.

Like we always do in our papers, key findings of the study are given in Chaptkind of a
summary for polRucsysi make rcsartbiotnl ende uft r a IKeyt y :
findingso .

This researchwas led by Igor Bashmakovand done by V. Bashmakoy K. Borisov, M.
DzedzichekandO. Lunin with participationfrom O. LebedevI. Govorof Yu. A. Izrael Institute

of Global Climate and Ecology wassponsiblefor modeling GHG emissionsfrom the waste
sector

Proofreadingand translationof the report was done by Tatiana Shishkina, layout by Oxana
Ganzyuk.Cover painting bygor Bashmakov.

Igor Bashmakov
General Director

CENEfi XXI

Contacts: Tel(499) 1269209 Email: cenef@co.ru; website:https//cenefxxi.ru.



mailto:cenef@co.ru
https://cenef-xxi.ru/

1RuUS S I

aos

pathways to 2060. Key findings

1.1

2060 carbon neutrality target

In October 2021,Russia Retrospectively Russi@ds GHG control commitmentsare as
setthe carbon neutrality follows:

targetto 2060. ¢ 09 in 200820127 Kyoto, 1997 Russiacommittedto not

Carbon neutrality does
not meana balanceof

sourcesand stocks across
all GHG, but only for
CO..

With alinear decline,net-
CO2 emissionswill
cumulatively amount to
33.3 GtCO2in 2021-2060,
which is 6.5% and 3.7%
of the carbon budget to
support the 1.8C and 22C
global warming target
respectively.

In order to judge on a
possibility to attain the
2060carbon neutrality

target, long-term
projections are required
to capture the economic
and technological
evolution of the country
and the effects of a variety
of GHG control policies in
the key sectors.

T

T

T

T

T
l

T
T

exceedts 1990emissionn 20082012(attained);

-25% by 2020 i Copenhagen, 2009: Russia committec
maintain its emission t8020below 75% of the 1990 leve
(attained);

-20-25% by 2030 17 Paris 2015 Russia committed to

maintainits GHG emissionto 2030 at 7675% of the 199C
level;

-30% by 2030 i RF Presidential Decree No. 666 of

4 November 2020: Russiacommittedto limit its emissions
to 2030 at 70% of the 1990 level;

In spring 2021, the goal was setto ensurethat cumulative
netGHG emissios in Russiato 2050do not exceed thos
in the EU;

-80% by 205071 Russids low carbondevelopmenstrategy
to 2050requiresan 80% declinein netGHG emission from
the 1990 level and a 60®%eclinefrom the 2019 levelThis

is the only strategicdocumentin Russiawith a 2050 time

horizon.

Russian experts have a third of a century experienc
GHG emission projectionsyet notin forecastsbeyond
20501

Only in one of the scenarios considered Russia can exp
attain netzeroCO; emission before 2059.

Generally, sch projections add confidence to th
government 0s position I n
development of longerm decarbonization policies.

To make informed decisionsne hasto estimate theil
potential longterm and systemic implications.

Think tanks use comprehensive economic/ene
environmental models of various complexity to make
calculations for their projections.

The projections differ in macroeconomic assumptic
baselines, scopeof emission sources and GHG sinks, ¢
also inthe selection of projection tools.

car borumpyeu

! The history of GHG emission projections for Rus@adescribedin: Bashmakov, L.A., V.l. Bashmakov,
K.B. Borisov, M.G. Dzedzichek, A.A. Lunin, A.D. Myshak. Ruseiathe pathto carbonneutrality. Moscow2021.
2 |bid.



1.2 Projection tools

Projections are made
using a set of
interconnected models;
their interplay is shown in
Figure 1.1. The models are
grouped around
ENERGYBAL -GEM-
2060, the core multisector
model. Many of its
parameters are identified
using a 6cl
developed by CENEfXXI.
The &loudbof models
includes

macroeconomianodel RUS-DVA (2 sectorsi Oil&Gas
andNon-Oil&Gas, 4 products, and 6 blogks

modelfor the powerand heatsectorP& HMOD (10 types
of power and heat generation);

model for industry INDEE-MOD (about 60 types of
industrial products, technologies, and producti
processes);

modelfor transporfTRANS-GHG (9 transportmodesplus
1-2 vehicles in each mode broken down by the fu
used);

modelsfor residentialand public buildingsRESBUILD
and PUBBUILD. Part of the calculationsfor residential
buildings were made usingeKR Assistant model
developed by CEBf-XXI for the RF Housing and Utility
Reform Foundationtwo types ofresidentialbuildings 1
multifamily and singlefamily 7 with 9 processes an
equipment groups?UBBUILD for 15 types of publi@and
commercial buildings broken down into 5 processes

WASTE i a nodel for GHG emissions from the was
sector.

The model parameters are calibrated on 12@%1 data.

1 All of the models have a ongear calculation stepnd a

projection horizon t@060.

Model runs for each scenario start from RESDVA

and ENERGYBAL-GEM 2060 pair. Then each sector
model is run coupled with ENERGYBAGEM 2060
clockwise in Figure.l to finish by getting back to tr
RUSDVA and ENERGYBAL-GEM 2060 pair.lt takes
several iterations for each selected scenario.

In all of the seenarios LULUCF is thelast resortoption
for Russiao meetits carbon neutrality goal by 2060.



Figure 1.1

1
Scenario
variables: |

Population !
Fuel exports :

Netexportof |
industrial 1
goods |
Hydrogen :
exports |

Energy pricesl
Carbon price !

Technology |
parameters inj
all sectors 1
Emission !
mitigation
policies

\\

TRAN&HG RESBUILD

6cl oudd of model s

|
1
1
1
|
1
1
/ .
|
! Energyefficiency
INDEEMO ENERGYBA ! andcarhon
|
1
1
1
|
1
1
1
|
1

Calculation
results:

Macroeconomic
indicators
Detailed IFEB
Technology
structureby
sectors

P&HMOD

WASTE

intensity
indicators by
sectors

GHG emissions
from key sources
Capital
investments

Consumersl

energy spending

Source CENEFfXXI. The angle of incidence is not eqtalthe anglef reflection Macroeconomic perspectives

1.3 The angle of incidence is not equal to the angle of
reflection

Global low carbon § The mpacts of Russiads key
transition sets challenges
but also provides
opportunit.i
economic future. The
balance will largely

depend on the aMity of

e

the Russian government
to recognize the scale o
the challenge and to
address it via effective 1
policy packages. Until
very recently, all these
three calls for significant
transformation were

poorly met.

The potential to reach

such balance substanélly
shrank afterRu s s
military operation in
Ukraine.

l

transition on Rus entdepessdnehe
decarbonization pathwayisat will be selected

The assessment of these impawt®ds to bdroken down
into exploring the effecten:

V Russi aobs traditional e X
basic materialsyand

V the emerging low carbon markets.

Russi ads econo mbased. Fossil tuels an
raw materials production contritag 2830% to the GDP,
nearly two thirds to the industrial output, up to 40% to
federal budget, almost 25% to the consolidated budget
nearly 75% tdheexport revenues.

Therefore, i f the Aol do n
the economic progreswill largely depend on the potenti
to supply fuels and basic
and to the domestic market in the decades to come.

Since thegrowth potential of both these markets is limite
new drivers are required to accelerateg¢henomic growth.
and so new low carbon products have to find market ni
in the emerging markets.



For oil, the key { Foreign markets will be steadily shrinking at a pace determine

findings are as  the low carbon transitioprogressand-- at least fora while -- by

follows: the political unwillingness
Russian oll;

1 It is highly unlikely, that Russia will ever be close to 40oe in
oil and petroleum exports registered back in 22089;

1 Oil prices growth in20222024 will overcompensate (for a fe
years) the revenue loss associated with the sanatiof@ussian
oil;

1 The effect of both decarbonization and sanctions will bec
severer after 2025

1 Extra revenues obtained in 202024, if not fullyusedto support
the Russian economy, may for some time mitigate the oil rev
collapse beyond 2025.

Figure 1.2 Russian oil and petroleum exports  with an account of embargo
effects

450

400 -

350
----- no embargo high
300 o
no embargo medium

250 4 i
----- no embargo low

mtoe

200 embargo high

150 - embargo medium

embargo low
100 +

50

0

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
Source: CENEXXI .

The findings for § The EU market and some other markets will be shrinkimghe
natural gas are as Russian gadriven by decarbonization policies, high gas prices
follows: the political unwillingness

1 Potentialexportsof Russian gas in BAU and announced poli€i
like scenarios may show a-100 bcm drop by 2027. It is vel
unlikely that gas exports and production in Russia will ever ex
the 2021 level;

1 Russia has given a substantial push to the low carbon tran
process in the OECD countries and worldwide

1 Global demand for Russian gas on the whole 2060 time st
be much lowerthanwhat wasexpected before Februa?y;

1 Domestic natural gas demand in Russia will be driven by
factors working in the oppositérections

o first, the demand will be declining due to the Russian econ:
recession with a subsequent slow revival; and

o0 second, low carbon transformation of the Russian economy
slow downfor the equipment import restrictions and declini
incomes.

10



Figure 1.3 Russian pipeline gas exports with an account of embargo
effects
300
250 D A
o T e
’,l -
200 // \vé‘--u. /:':::_7 | =———- no embargo high
"""-._\ no embargo medium
_E 150 \“-.‘ ----- no embargo low
\ \‘-..‘ embargo high
100 e il
\/ \ embargo medium
50 embargo low
L e e e o A A B A S B B B I o o o e e e
2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
Source: CENEXXI .

The conclusions for coal q

are as follows:

Ru s s i afaetexpors!
can be expected to g«
down in 2022 and ina few
subsequent years

The UN population
projections show that:

Moderate progress towards global decarbonizatzom
limited sanctions on coal may keep Russian coal produt
and exports close to the current levels with a very
potentialto grow;

1 A substantial progress in global decarbonization and ta

action to cease coal imports from Russia by 2027 wiiléh
Russian coal exports by 2035 and further reduce t
beyond that point with a subsequent decline in «
production, as domestic coal use in Russia will be dow
well.

1 After (if) some of the sanctions are lifted, new markets
found for traditional exports, and logistics is developec
supply these new markets, some of the lost expoayg be
partly or fully regained with time.

1 In the longer term,raditional markets for highly carbo
intense basic materials will be steadily shrinkitgnless
Russia manages to decarbonize its industrial produc
these markets may be blocked fareatxports

1 As to hightech expor expansion, Russia starts from a v¢
low base, and after February'#4 lost a lot of innovators
who couldgive momentum tdhigh-techproduction

Russiads population wil!/l b
and stabilize thereafter The undulating dynamics of tF
working-age population will lead to its noticeable reduct
before 2030 in all of the scenarios, with a subseque
stabilization to 2045, followed by another decline. Beyo
2060, theworking age populationvill be varying between 6C
and 70 million people

11



Recent scenarios q
(developed before
February 24, 2022) differ
markedly regarding the
Avi sionso o
economic growth.

Sensitivityy
GDP dynamics to
fluctuations in the global
oil and gas markets is
gradually weakening

T

After 2007, economic
growth has beerfully
extensive, especially in the

oil&gas sector q

The uncertainty zoniecludesthree segments:
Asl ow hj®AGR upto 1% until 2050;

fimoderate growthi AAGR 1-2.5% in 20212030 and
1-2% in 20312050;

- fAdynamic growth i AAGR to exceed the uppe
boundaryof thefimoderate growib .

The most pessimistic estimatehow AAGR close to or
below, 1%; theseareprovidedby the IEA, US DOE and BF
Ther projections account for the negative demograyg
trend as discussed above.

Growing adl and gas revenuegive a limited and tempolre
impulseto theeconomic growth.

Opportunities for hydrocarbeled growth are nearl
exhausted and undermined by the expected economic |
from declining hydrocarbon exports, whickvill be
increasingly progressings the glohl low carbontransition
gains momentum.

Relying on the traditional resourdetensive model of the

Ared economyo can only en

The averagel9952020 TFP for the NOG sector we
assessed by CENB(XI at 0.7%, and for the whole GDP
was assessed llye KLEMS project also at 0.7%.

For 20102020, it was-0.2% for NOGGDP and, accordint
to KLEMS, -1.6% in 20072016 for the whole economy.

TFP wen downto the negative zonand only a coincidente
growth in oil prices, which started in 2000, allowed it
maintain some very moderate, exclusively extensive,
very capitalintense economic growth.

Even some of the previous The resulting trajectories are shown inuigl.4-1.5 for two of
pessimisticexpectations the considered scenarios:

for the economic growth ¢
in Russia overnight
became quite optimistic
on February 24, 2022, as ¢
result of the sanctions.

Scenario 1slightfuel export reductions and low TFP leve
Scenario 2. medium fuel export reductions and mec
TFP level,

Scenario 3: high fuel export reductions and high TFP le

12



Figure 1.4 Scenario 1. Parameters of Ru ssian economic development:
slight fuel export reduction s and low TFP growth
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Figure 1.5

Scenario 3. Parameters o f Russian economic development:
high fuel export reductions and high TFP growth scenario

25000

m GDP in 2000 prices

20000

M~

15000

10000 -

1995
2000
2005
2010
2015

5000

2020
2025
2030
2035
2040
2045
2050
2055
2060

Global GDP ——GDP in 2000 prices 0 o
——0il&Gas GDP in 2000 prices ——Non OilgGas GDP in 2000 prices g g
(g) Annual growth rates fo&EDP and its components (h) GDP in 2000 prices

30%

25%

20%

15%

10%

5%

0%

(i) Share of oikgas GDP

30%

25%

20% -

15%

10%

5%

0%

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

budget revenues

80% 350%

mmm Other 300% -
70%

250% |
60% s LNG

100%

200% -

50%

Natural gas 150% -

2016

40%
100%

(k) Structure of goods export

Source: CENEXXI .

mmm Petroleum products
)0/
30% 50% -

20%  mmm Crude ol 0%

10%

= Qil&Gas export share

(i) Share of ok gas revenues in consolidate

4,5%

- 4,0%
- 3,5%
- 3,0%
- 2,5%
- 2,0%
- 15%
- 1,0%
- 0,5%

0,0%

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Global GDP e RUSSian GDP
paaas L 0% —— — CENEF-XXI - low —— — CENEF-XXI - medium
I 3 e w= = CENEF-XXI - high = === Russian share in global GDP (P
NN N = === Russian share in global GDP (ER)

() Russiamand global GDP growth

(2016=100) and Russian share in globs

GDP

As a result of such § By 2050, Russia will have lost 461% of the previously expecte

developments
Russia will lose
10-11 years of
economic growth.

The 2021 GDP
level will only be
back in 203t
2032:

potential GDP;

In 2060, Russian GDP will be 24% higher, than in 2021eaching

at the maximuml.6% AAGR in 2042050 and 1.3%AAGR in
20502060. This is possible only with an assumption that

economic and institutional mets in Russia wilbe alteredo enable

the TFP improvements. A failure to provide new institutional

sociopolitical frameworks for the economic growth will lim
Russian GDP growth to just 6% in 2060 relative to the 2021 |Bv¢
other words, there M/be four decades of economic stagnatairead;

i The share of Russian GDP in the global GDP will still be shrinl
from 1.6% in 2021 to 0:0.9% in 2060, when estimated in exchar

rates, and from 3.1% to +137%, if estimated in PPP.
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1.4 Scenario storylin es. Three 4s

One lesson from the future
is that there is no business
as-usual for the years to

come; instead businessas |
unusual needs to be in the
focus.

For Russia, therewill be

no businessasusual even 1
in the short- and medium-
term.

A few months ago, no one could foresee the Russian mil
operation in Ukraine anthe subsequent strong and escalat
sanctions.

The sanctions will work to deepen the existing technol
gap with the global leaders and cuttedge technologies
leaving little chance to bridge it relying on impo
substitution and seBufficiency.

It was equally difficult to anticipate that Russia will be cut
the global supply chaingnd the world will progress to tr
future leaving Russia behind. But nowch vision of the
futureis feasible and should be considered.

Therefore the task is to develop visions to embrace the re
of uncertainty which greatly increased after February 24.

Word selection in the title of Fuge1.6 is not unambiguou:
anymore. Tk future may look more like the rightand part
of this figure or more like the past shown on the-tefhd
side.

Source: developed by I. Bashmakov.
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Three sets of scenaric q
storylines were
developed to cover the

abruptly widening q
uncertainty zone to
draw the pathways
which may get Russia
to carbon neutrality
by 2060:

4S7 Stagnation,
Sanctions Self
Sufficiency i
Forward -to-the-Past
This scenario is basec
on the following
narratives and
storylines: 1

1
1

4S 1 Stagnation Sanctions, Selufficiency,which may be
alternativelytitled Forward-to-the-Past (as the opposite to th
Backto-the-Future);

4D 7 Development Driven by Decarbaation and
Democratization which opens theabr for Russia to eturnto
the global economy;

4F 7 Fossil Fuels forFeedstock which builds upordD and
allows Russia to use its fossil fuel resources for@aergy use.

strong sanctions persist for Russi@® s d o mitradiéianal
exports which areconsidered toxic in the global, and especi:
G7, markets; the ban ohightech exports to Russiaalso
persists

oil and gas exports quickly shrink, with just a limited poten
to rebound leer by turning to new regional markets, as
global economy is steadily switching to l@arbon pathways;
O&G sector declines, and so does its contribution to C
foreign trade, and consolidated budget (after 2025);
Russiais cutoff many global supplghains and forcetb rely
on self-sufficiencyfor domestic needs;

strong government control over the economy vaigubsequen
decline in overall efficiency in the sectors under control;
poor quality hightech imports substitution with a low potent
to improve total factor productivity in many sectors, which h
already suffered from a deeper government control;

slow economic growth in thBOG sector with low total facto
productivity, declining labouforce, intense brain drain, lo
investment, and limited inflow of foreign capital;

inability of the NOG sector to fillshortfalk in GDP, foreign
trade and consolidated budgetenues, which were historical
yielded by fuels and raw materials exports;

limited potential to expand nefuel and norbasic materials
exports to the global markets, which are dynamically switcl
to low carbon pathways;

poor access to international financing fRussiancompanies
and the public sector will restrict the abilib§ the consolidatec
budget to keep the expenditures growing, as beyond 20z
and gas revenues willrop drivenby both low exports and lov
energy prices, and the NOG sector will be unable to fill the ¢
aging production facilities, slow phasing out danlow
modernization rates;

lower demand for additional production and low capa
additions, as demand for Russian products, both domestis
international, will begrowingvery slowly (if at all);

only a small share of new capacity will meet the BATSs(t
available technologies) standards; the new capacities built t
BPT (best presently practical technologies) at the best
dominate, since poor competitiveness and lack of -tegh
equipment will impede reaching the technology cutting edge
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4D Development Driven 1
by Decarbonization and
Democratization is the

Door Back to the Global ¢
Economy.

The story lines for this
scenario are quite
different:

progress towards terminat
in Ukraine will relax sanctions and enaliteissia to regair
some of its positions in the global value chains after 203
proactive decarbonization policies in Russia will help
country to get a market niche in some global regions f
variety of products with low or no carbon footprint and
access to the hardware and software needed to produc
carbon products and servicdsow carbon global market
are expected to reach $US 12 trillion by 2030 and $US
16trillion in green investment by 2050. Gettingst a 1%
sharen this piecould kring $US110-160 billion;
democratization willdevelop asthe role of theoil and gas
sector will be shrinkingand reliance © a wider politicd
and social spectrum wilbecomekey for sustaining socia
stability and inspire business activityAll this will bring
more competition intothe economy (while the role of tt
government will be dgining), free up initiative, reduc
migration intentions of qualified workforce, and attr:
skilled professionals from abroad to work in Russia. It
reduce corrugion and provide incentives for investment &
rewarding based on skills, rather than on loyalty;
relaxed or removed higlech import sanctions
competitionbased incentives to invest in new technolog
and regained access to international financingl wiiprove
total factor productivity and therefospur theNOG sector
development with a growing potential to fill the income ¢
from the oil and gas revenues drop;

growing potential tancreaselow carbon productservices
productionwill acceleratephasing outobsolete capacitie
andboost modernization of the remainiogpacitie;

higher demand for additional productionthedomestic anc
international markets will significantly scale up capagit
additionsthatperform to the BAT standards;

low caibon footprint requirements for products and servi
will provide incentives to reduce scopeemissions vig
improved energy and material efficiency, circular econo
and electrification, CCUS and hydrogen application
scope2 emissions via promotingow carbon energ
penetration, including renewables, both in grid andgoii
systems; hydrogebhased technologies; CCUS; elect
vehicles; and other low carbon technologies, as they r
the commercialization stage;

the need to make low carbon technadsgcompetitive a
their initial deployment stages, along with a potentially w
geographical and produetise spread of CBAMike
mechanisms supported by the Sakhalin experiment re
(if positive), will inspire the launch of a GOprice
mechanism ahe national level.

17



4F 7 Fossil Fuels for q

Feedstock.
The storylines for this

scenario mostly build 1

upon the 4D scenario, but

they additionally assume more intensive fossil fuel use
chemical feedstock, along withiblued hydrogen anc
ammonia productign

a substantial external demand forRussiarproduced
chemicals and hydroges expected

a focus on the export of plastics and other chemicail
allow it to use more fossil fuels for feedstock with CC
deployment;

ambitious plans to export low carbon hydrogen or ammt
will be implemented on a large scale in Russia using |
amounts of natural gas at facilities equipped with CCS.

1.5 4S 0 Stagnation , Sanctions , Self-Sufficiency 6 Forward -to-

the -Past

This scenario is modeled §
in a framework, which is
by no means BAUlike.
Rather, it is areference
scenaria

4S capturesthe demand
reduction option, but not

becausea reasonable
sufficiency is achieved

rather, it is based on
sufficiency willy-nilly
(both on quantity and

quality) driven by supply 1

reduction.

T

T

Two decaded the 2020s
and 2030s which have
the crucial role in
accumulating the know
how and developing skills
related to the uptake of
technologies with high
GHG mitigation potential
may be wasted.

The sanctions force Russian companies to change
logistics for botlraw materials and components supply.

Broken export logistics result in physical restrictions
exports and higher product prices.

Given the limited domestic market, which is shrinki
during the crisis, the reorientation of production to
domestic needs can hardly offset export losses.

Some optimists hope for a
2-4 years and will minimize the effe of the sanctions
However, it is more realistic to think that this process '
take decades.

Limited access to financing means that costly investr
projectswill be postponed indefinitely.

Success criteria for revisegbvernmenindustrial strategie:
are different now. Success is no longer measured bas:
the integration in the global economy and expansior
exports rather it is based on the achieved degree
isolation, i.e. reduced share of imports in production

The evolution of the capacity age structure in 4Slasv,
however, many of the existing obsolete facilities will have
be replaced and/or deepipgradedefore 2060

T The decades 6l ostd in ter

make assets commissioned in the 2020s and 2030s str
(suffering from unamtipated and premature rigbffs) in the
2040s and 2050s.

1 An assumption is made thaew capacitiesvill be built to

meet at best the BPT (best presently practical technolo
or BART (Best Available in Russia Technologidsvel.

The evolution of the capacity age structure is slow, howe
many of the existing obsolete facilities will have to
replaced and/or deeplpgradedefore 2060
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Electricity generation will
show practically no
growth over two decades

After a decline in 2022
2023, centralized
electricity generation
slowly recovers to reach
the 2021 level only in 204z
and grows to 1,320 billion
kWh in 2060

Russian industry has a
long way to go to attain
the netzero GHG or net
zero carbon statushy
2060

Transport faces declining
demand determined by
both freight and
passenger transportation
drop coupled with
reduced supply of cutting
edgetransport equipment.

Transport activities
decling along with
slowing down fleet

modernization with a
strong relianceon
domestic cars production,
will slow down fuel
efficiency improvements
and deployment oflow
carbon fuelsby all
transport modes.

=

Negative effects of the sanctions are observed in
segments of the electricity market.

For fossil fuelbased genation, 4S scenario assum
moderate progress in improving the efficiency of both r
and upgradedpower plants to levels lower than glok
BAT.

There is no simple or unambiguous solution to the prok
of low-carbon generation development in Russia to 2(
However, despite the slow growth in electricity generat
the generation structure changes noticeably.

Centralized generation based on variable RES (wind
solar) grows up to 279 billion kwh in 2060, or up to 2:
of total generation.

Due to the slovgrowth in electricity demand total capaci
of power plants grows only slightly to 258 GWw 206Q
including: nucleaii to 43 GW;wind i to 37 GW;solari
to 26 GW.

Slow decarbonizatiorin the Russian industry imped:
access to the international markets for traditional Rus
basic materials, because global economy is becominc
carbonintensive. This leaves no chance for a dyna
rebound of traditional markets.

Russi aobs rom ¢he ylabal supply chHains and
selfreliance for the manufacture of new products \
bl ock t he ¢ oun tthe emirgingfiikonse
of-dollarsworth markets

After a rebound to the 2021 level in 2632232, basic
materials demand is expedt either to stay nearly stak
(steel and cement) or to slowly grow (pulp and pa
chemicals and aluminium).

The mat important effect for freight transport is t
reduction of activity on the whol2060 time horizon. In
2060, freight turnover per unit of GDP will be 45% bel:
the 2021 level. This is not a new phenomenon: the !
level of freight turnover was back gnin 2021.The 2021
level is not expected to be reached in 2060.

Following personal incomes decline, personal mobility
passenger turnover will drop by 2025 and then grow
slowly to 2060 never reaching the g2©VID 2019 level.

Only 29% of LDVs wereproduced based on Russi
automobile platform designs.

Russian aircraft industry, highly relying on the impol
was also severely hit by the sanctions.

Russians will have fewer cars, which, in addition, will
continuously aging to become less reliabled less fue
efficient. The share of imported secendnd cars is
expected to grow.
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GHG emissions from
transport already peaked at
284 million tCO 2eq. in 208

and will be steadily declining
to 113 million tCO 2eq. in 2G0.

Direct GHG emissions from
residential buildings will

slightly increase in the short
term, and then will drop to 77
million tCOzeq.in 206Q

After a stabilization in 2000
2020, residential energy
consumption will be 24% up
from the 2020 level by 206@0
reach 170 million tce.

A limited set of measures in
the waste sector allow#

Only one scenario for
agriculture was considered,
which assumes that the 2005
2020 GHG emissions growth
trend will be reversed through
a package of both demand
and supply-sidemeasures

GHG emissionsfrom
agriculture appearto have
already peaked, and will be
declining to reach100Mt
CO2eq.

=

=

=

Total energy consumption by transport will be hal
in 20222060 dropping from 148 to 73 Mtce

The share of fossil fuels in the transport ene
balance will be moderately declining from 91%
2021 to 80% in 2060.

Fleet structure by power train will béowly evolving
towards less carbon intensive models, but in this
Russia will be lagging far behind the technologi
leaders.

Energy efficiency of the apartment buildings in ple
will be declining. In the recent years, the share
capital retrofits associated with energy efficie
projectsdid not exceed 0.15% of the total residen
floor space.

There are ational plans to s&ngthen energ
efficiency standards for new residential and pul
buildings on the 2028me horizon to reducspecific
energy heat consumptidny 35%

It wil |l not be possible
of appliances on the previous scale, becdheesales
of appliances, especially of energy efficienbdels
will be decreasing in the coming years

Renewable energyse in buildings and transformatic
of Russian households into prosumers will
progressingeven if at a slower rate.

to freeze GHG emissions to 2030 at a level clos
that in 2020 with a subsequent 9% decline. The w
sector will be suffering from the shortage
technologies

One key measure to reduce livestock ent
fermentation is to replace lewelding breeds of dain
cows with highyielding ones and to reduce the
livestock

If agricultural emissions are to move down frahe
peak, it is important to implement demaside
measures, including food waste reduction and
change

Bringing down the share of food products with a h
carbon footprint (as carbon footprint estimation ¢
reduction practices develop) and replacement of s
products with their alternatives, for examp
replacement of beef with poultry meat, could beec
important directions for GHG emission reduction.

Diet control may be more effective, than Gt
emissions mitigation in agriculture. However, beca
of a substantial diet patterns inertia, this option is
realistic.
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In this paper, the evolution
of net emissions in
LULUCF was estimated as
the additional net sink
demand (LULUCF plus) to
attain carbon neutrality in
2060

Total primary energy
consumption(TPES)
peaked in 2021 at

1,121 Mtce,will fall downto

975Mtcein 2024to further
rebound to 1,030Mtcein
2031with a subsequent
decline thereafterdown to
80% of the 2021 level

Russia mayattain carbon
neutrality in 20600nly
providing that strong and
effective policies in
LULUCF are implemented
to block the net
sequestration detining
trend of the last decade anc
then to scale up LULUCF
capacity substantially to
capture additional COsz.

Russian CO2 and GHG

emissions peaked in 2021

Expected GHG emission
reduction is 63% and that
for CO2 is 67%.

T

T

l

l

T

T

T

T

l

l

T

1

A CO2 net sink baseline was set for 282060, as
extrapolated declining trend formed20102020. It scales
net sinks down to 115 MtCQa 2060.

These baseline values were deducted from emissiol
other sectors.

The result is an additional Casly net sinki LULUCF
plusi needed to attain neero balance to ensure carb
neutrality n 2060.

Energy efficiency does nabontribute much to mitigation
in 20212060, GDP energy intensity (n@mergy use
excluded) will be declining only at 1% per year
average. With an account of nenergy use the declin
will be 0.6% per year.

As RENSs, hydro, and nuclear power generatjmws, fuel
consumption will be 25% down in 202D60, and fue!
combustion will be down by a third.

In 206Q domestic natural gas consumption will be 1!
down to 448 Mtce, and gas combustion will drop by 2
to 330Mtce.

Liquid fuel consumption will be44% down, and liquic
fuel combustion will be 74% down, mostly due
transport consumption decline.

Progress in energy decarbonizatioil \Wgive momentum tc
CO2 reduction in sectors other than LULUCF.

Carbon price in 4S scenario will be$US/tCO2 in 2031
slowly growing to 30 $US/tCO2 in 2060. It will bring 1
trillion rubles, or 0.6% of GDP.

Investments in low carbon projects amount to 78 trill
rubles. This is twice below the investments in fuel sug
(169 trillion rubles).

The shae of investments in lowarbon transformatiol
(total investment less investment in fuel production
processing) of GDP will be gradually decreasing from :
2.2% in 20232025 to 1.51.7% in 20562060.

Russia is expected to be ahead of the EU in cutting (
emissions by 2030.

In the early 2020sRussia isabout torepeat the negativ
experience of the 1990s by reducing its GHG emiss
through a deep activities (demand) reduction, which is
mo s t expensi ve Amitig
1,137$US/tCQeq.
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1.6 4D 6 Development Driven by Decarbonization and

Democratization
Economy

It is assumed that he ¢
Russian government will q
recognize the need for

decarbonization in all of
the sectors in addition to
the importance of
increasing sinks in
LULUCEF, in order to :

These considerations will §
encourage Russia tc q
implement proactive

decarbonization policies
to combat climate change
and at the same time ge' q
the Russian economy back
on the development track

is the Door Back to the Global

Reduce the 2060 carbon neutrality rammpliance risks;
Maintain fuels and basic materials exports to the global
regional decarbonizing markets, where low carbon footy
is becoming critical, while carbon price mechanis
undermine the competitiveness of carbon inten:
products;

Export hightech produg and services to emergir
trillions-worth low carbon markets These products an
services, placed at the endtbé value chains, will be les
affected by carbon prices, but they will obtain financing
markets only ifthey canmeet the requirements dhe
emerging regional taxonomies and arsers;

End up the 2020s break in modernizing obsolete
degraded production facilities in all sectors. After
becomes clear that the sslifficiency carriage has turne
into a pumpkinthis will be a wayto avad being lockedn
for decades in outdated carbon intensive technolagiess
efficient and more expensiviethat were developed durin
the decade of reliance on imports substitution;

Rely on less costly technology solutions, as it is expe
that in the 2020s and 2030s low carbon technologies
become less expensive compared to the traditi
counterparts (RENs versus traditional power genera
EVsversusiCEVs, DRI-H2-EAF versus BFBOF, etc.).

To make this happen, new institutions will be needed.
Democratization will develop, as the role of the oil and
sector will be shrinking, and reliance on a wider politi
and social spectrum will become key for sustaining sc
stability and inspiring business activity.

All this will bring more competibn into the economy an
free up initiative, as unanimity and doulkenking will be
replaced by dissent and sanity.
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Electricity generation will 1
be stablefor 2 decades
and the 2021 generation
level (1,159 hllion kwWh) g
will not be reacheduntil
2041

Beyond 2041¢lectricity
generation will quickly

scale up to 1,516 billion 1
kWh in 2060, driven by
the electrification of end
uses.

In 206Q the power system 1
will not be zero carbon
yet, but the share of low

and nocarbon power
sourceswill scale up from

the current 40% to 78%. ¢

Carbon intensity of power

generationwill go down to
nearly 50 gCQ/kWh, but T

not yet to zerq in 206Q

Russian industrial q
companies will spend the
2020s to find new markets
and to change the logistics
for components supply,
and after the decadeong
crisis is over, Russian
companies will benefit
from lifted sanctions.

This value breaks down into 1,471 billion kWh fc
centralized generatioand 45 billion kWh generated b
prosumers

Current business models in the power industry will
changing due to the growing role of system sen
providers associated with the need to integrate a high
of renewable energy and to the growing role of aggreg:
who manage distributed energy units.

Low carbon power generation is based on carbon pricin
fossil fuelsbased power, support for power storage
networks development to accommodatariable RENS,
which are becoming cosbmpetitive, as economy of sce
and learning rates bring the LCO#&swn.

When weighed by new capaciadditions, average LCO
after a small growth in the 2020s will be steadily declin
to 2060 to reach a levedwer, than in2021.

Low carbon power will be provided by nearbll new
additional capacity in 2022060 compensating for phase:
out fossil fuel capacities.

By 2060, the share of low carbon sourceghe installed
capacity will scale up frorthecurrent 34% to 75%.
Centralized variable RENs (wind and solar) po\
generation will approach 332 billion kWh, op to 24% of
total generation, in 2060.

District heating will continue to decline (by 43% in 20z
2060) despite the fact that a lot of heated space wil
added

Fossil fuel use for heat generation will be 60% down fi
the 2021 level.

Growing domestic and international competition v
strorgly encourage Russian companies to double
intensity of capacities modernization.

Since the economic development is faster, than in
scenarig andwill be going with a severer competition, nor
of the current capacities aged 25 or older will stillibe
operation in 2060 to produce basic materials, unless d¢
upgradedand supplemented with new capacity additi
after 2021 to dominate in the 2060 capacity balance.
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The government will start
implementing large and
effectivedecarb onization
policy packagesn
industry, such as:

New low carbon

technologies penetration
will scale up substantially,
when carbon price and
subsidies for low carbon
production are
introduced.

Russian industry will
significantly progress
towards carbon
neutrality. In 2021-2060,
combustion-related
emissions will be down
from 305 to 45MtCO 2,
and industrial processes
emission from 194 to 62
MtCO 2.

Persistinglow carbon
transport transition

policies,not very intense
before 2031, but more
intense thereafter,will

allow it to come back on
track.

T

T

T
l

T

T

T

T

Carbon pricing to motivate businesses towards ca
footprint reduction and to reduce the risks of econo
losses incurred by CBAMke mechanisms. This woul
require effective carbon intensity benchmarking syst
andtools to estimate and certify GHG footprint of produc
Planning tansition pathways antbngterm strategiesto
coordinate mitigation activities in individual industries
Performancestandards andcodes especially for cross
industrial technologiessuch as electric motors or s
supply systemsto increase the durability of products a
materials

Require &tended producer responsibilitgr thar products
end of life service and to cover theecycling coss or
otherwise responsibly managroblematiovastes
Subsidies will be providedio bridgethe costsgap betweer
traditional and lav carbon products- as long aghis gap
exists.

Improved materials efficiency across all sectors
promoting circular economy will keep virgin basic materi
demand growth moderate, bwill allow for an increasing
contribution from secondary materials (metals, papad
plastics).

Carbon pricing will make technological options w
improved energy efficiency, substitution (clinker),
alternative low carbon fuels and CCS eefective and
new production facilities W be equipped with suc
technologies

A low carbon strategy for iron and steel needs to
developed to identify low carbon transition pathways.
The costs of DRbas with CCSEAF and DRiH2>-EAF
routes will only get close to DRbasEAF in 2060.
Therefore, the uptake of these processes will be limited
mostly oriented to foreign markets witigher steel costs.
CO. emissions in the cement industry wdrop by two
thirdsin20222 06 0, and i f the #fAs
for, the industry may become a net £Zhk in the 2040s.
Carbon pricing, subsidies for CfD green ammonia suj
contracts and technological progress will cut net emissi
from ammonia production by 3 times.

Low carbon transformation of the Russian industry
improve the competitiveness and allow for stron
positions in the global markets.

In the recent yearsRussian transportation pakes were
focused on promoting less polluting and low carl
solutions.

The sanctionsmakesomeof the previougplansunfeasible,
and celay the implementation of others making sor
mitigation policy options impractical on the initially
expected time horizon.
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CO:2 emissions from { Electrification of transport is th&key GHG mitigation

transport will be more
than 200 MtCO2 downin
2021-2060,yet leaving

70 million tCO 2unabated
in 2060. Total GHG
emissions from transport
including indirect
emissions, willdecline
from 309 to 83 million
tCO2eq.

Direct GHG emissions
from residential buildings
will drop to 47 million

tCO2eq. in 2060.

Total primary energy
consumptionwill be 27%
down from 1,121 Mtce in
2021 to 818 Mtcen 2060.

Beyond203Q Russiawill
never exceed 35% of 199(
CO2 emissions and 36% of
1990GHG emissions.

l
T

= —A

T

T

policy:

V The share of electricity inthe transportenergy balance
will be up from the current% to nearly 40%n 2060. For
rail, it will reach 85%, for pipelines 44%, and f1
automobiles 32%.

V The2060 LDV fleet structure will evolve towards elect
power train and EVs share will reach 70% in new sa
(12% PHEVs and 58% BEVSs) followed by gaswered
vehicles (13%) with only 17% left for ICEV3.he share
of EVsin the total vehicle fleawill approach two thirds.

Total energy consumption by transport in 4D scenwill

drop 3-fold in 2060:from 148 to 51 Mtceversus73 Mtce in
4S scenario.

In this scenario, housing construction will be larger, sin
faster economic recovery is expected.

From 2029onwards, energy efficiency requirements
new buildings will be stricter to reach A+ class by 2060.
Energyefficient capital retrofits in buildings and the
effects will increase significantly.

More energyefficient appliances will bavailable
Incentves will allow for a betteruptake ofon-site power
and heageneration from renewableBlectricity generatior
by buildingsbasedprasumerswill reach 45 Wlion kWh in
2060

Significant energyefficiency improvemerst will cut energy
consumption in buildings b80% to reach 108 million tce.
An aditional set of measures in the waste sesfitirallow
it to reduce GHG emissions from 96 Mtg¥g in 2020 to
23 MtCOzeqin 2060.

Energy intensity of GDP (neanergy use excludedill be

on therise in 20222024 and then iwill decline by abou
60%in 2060 with 2.5% per yeaAAGR, which s twice the
level in 4S scenarioWith nonrenergyuse energy intensit
of GDP decline is limited to 1.6% per year.

Energy efficiency improvemestcoupled with growing
power generation by RENSs, hydand nucleawill result in

fossil fuel consumptiomrop by two thirds from 779 to 25.
Mtce, or twice agmuch as in 4S scenario.

In 206Q domestic coal consumptiowill decline 16fold

from the 2021 leve] anda certainpart of it will be with

CCs.

Russia can attain carbon neutralityin 2060 without
expanding LULUCF net sink, which cadrop from 605
MtCO2 in 2020 to 291 MtC®@in 2060.

Like in 4S, Russiawill be ahead othe EU in cutting CQ
and GHG emissions by 2030. Expected GHG emis
reduction is 64% and CGGmission reduction will baearly
70%
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No additional investment § Total capital expesesin 20222060 will amount to 197

demandis associated with
4D scenario

(versus247 in 4S) trillion rubles in 2021 prices. Energy ¢
GHG mitigation investmentswill be lower (50 trillion

rubleg, than in 4S scenario due aanuch lower investmen
demand from theoil and g& sectors. rivestments in low
carbon projectsvill amount to 92 trillion rublesvérsus78

trillion in 4S). This is about anuchas in fuel supply 105
trillion rubles {ersusl69trillion in 4S).

The share of investments in lamarbon transformatiorigtal

investmentdessinvestments in fuel supply) in GDRill be

gradually decreasing from 227% in 20212030 to 1.5
1.7% in 20562060.

1.7 4F 0 Fossil Fuels for Feedstock

4F buildsupon 4D inall § According to the available projections, global plasti

sectors and is developed t
testanother pathway and
checkto what degree
Russian fossil fuel
resources, including oil
and gas,canbe
additionally used as
feedstock for chemicals
production, including
plastics ammonia, and
hydrogen, and how then
GHG emissions vill be
evolving.

4F scenariorequires a
green power revolution or
green electrification. After

atwo decadedong
stagnation electricity
generationwill skyrocket
to 1,825 bin kwhin 2060
driven by low carbon
hydrogendemand

Even if 2060 Russian T

hydrogen production
(15.8 Mt) is halffiblueo,

still additional electricity

demandfor hydrogen
production will be 350 bin
kWh in 2060, which is one

third of t
generation in Russia

T

T
T

production could more than double from almost 400 M
2019 to 985 Mt in 2050.

Global ammonia production is expected to grow-fald
from 175183 Mt intherecent yearso 441 Mtor even more
in 2050.

Global hydrogen production is expected to grow from 87
in 2020 to 528 Mt in 2050

In 4F scenario an assumption is made, that low ca
hydrogen exports will be up to 15 Mt in 206@&rsus 0.7 Mt
in 4D), and low carbon ammonia exports will reach 15
in 2060 (versus 6.5 Mt in 4D scenario). In addition, -n
energy use for chemicals production will accelerate
maintain the industrial production growth rates to 2060.

If carbonfree generation is limited, the high level
figreed hydrogen production maybe responsible for
significant additional GHG emissions.

To meetthe electricitydemand in 4F scenaritotal power
capaciy needs togrow upto 418 GWin 2060, including
102 GW wind, 86 GW solaand 77 GW nucleait will be
only one third of 2021 wind capdy installed in China (32¢
GW) and about one toth of 2021 solar capagitn China
(307 GW) so it seems feasible

Annual capacity additionwill reach 18 GW in 2060ersus
7.7 GW commissioned in 2014 (maximum for the last
years)

The share of nofossil fuetbased power generationill
reach 78%n 2060.

1 Wind generationwill reach 352 #lion kWh (versus118

billion kWh in Germany in 2021) and solgeneration will
reach192 bllion kWh (versus49 Lllion kWh in 2021 in
Germany).

Taken together, these variabpwer sources contribut
feasible30% to total generation
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After a profound drop by

16% in 2027, ptal
primary energy
consumptionwill then be
nearly stableat 932944
Mtce until 2050 with a
subsequentgrowth to
1,013 Mtcein 2060. For
the whole time spanit

will never exceed the 202

level.

CO2z emissions trajectory
in 4F scenariois quite

close to the one in 4D, a:

additional ammonia and
Abl ueo h
production will use CCS
and additional non-energy
use for chemicals
production will store
carbon in plastics and
resins until they are
incinerated in the
importing countries

Growing fiblued hydrogen and ammonia productjaalong
with additionalfeedstockdemand will allow it to stabilize
domestic natural gas consumption close to-480 bcm o
2045 with a subsequendecline to 400 bcmas fblued
hydrogen is substitutedlith the figreerd one.

Additional liquid fuel demand fornee ner gy u:
help avoiddomestic liquid fuel demand reduction, lhts
decline is not as deep as in 4D. Tieenainingliquid fuel
energyuse will only be 21% while the restwill be for
feedstock.

No additional investmentdemandcompaed to the2021
level is anticipated.

In 4F, ptal capital expesesin 20222060 will amount to
231trillion rubles yersus197trillion in 4D and 24rillion
in 4S).They will be higher, than idD, for two reasons

- First, larger production obil and gas due to addition.
fuel prodution for feedstocluse;

- Second,substantialadditional investments are need
for hydrogen and ammongaoduction

1.8 Fit for 55? - No. - Fit for 65?7 - Maybe. - Fit for 60? -

Definitely yes !

The goal of the Russian { 2F (Forest First) is the pathway to carbon neutrality favoure

Low Carbon
DevelopmentStrategyis
to more than double net

sinksin 205Q It looks
extremely ambitious.

2F pathwayi Forest First

i was chosen for the
Russian LTS which
practically relies on one
pillar , thus incurring
high risks of non
compliance

the Russian Government. It implies a large additic
sequestration in LULUCF #dditional 665 Mt CQeq. of net
sinks in 20192050), while emission reductions in other sect
will be moderate-289 Mt CQeq. reduction in 2022050), but
é

V net sink from forests isgoing downdriven by CQ losses.
This decline equa 140 Mt CQ in 20102020

V net sinks reduction in LULUCF contributed 79% to 1
total net GHG emission increments in 2e2@20 and
exceeded 100% (ow@ffsetting the reductions in othe
sectors) for total C&only emissions increment.

1 With the declining et sink trend,LTS will needadditional

LULUCEF sink 0f1,085 Mt CQ.

1 The gvernmenthopesthat LULUCFsink canbe proven to be

much larger with no declining trend.
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LTS needs more pillars q
to form a solid basis for
the netzero carbon
pledge.

If in 2060 thecarbon 1
price doubles from 108 to
216 $USNCQ, carbon
neutrality canbe ¢
attained with out any
incremental LULUCF
sink (Figure 1.8).

Even in 4Sscenario, emissiareduction in all sectors (exc
LULUCF) amounts to870 Mt CQ in 2021206Q It is three
times the reduction in nebULUCF sectors specified in th
LTS for 2050.

In 4D and 4F scenargpemissios reduction in all sectors (exc
LULUCF) is 1,250-1,300 Mt CQ in 20222060(Figure 1.7).

This overweighsvhat tre LTS hopego obtain asadditional net
sequestratiom LULUCF.

If only 2F (Forest Firs) is in the focus and mitigation
opportunities in other sectorsare largely ignored, no
compensation would be availapié the hopes fol,ULUCF
sequestratioare in vain

The carbon price in 4Dcenario is introduced in 2031

3$USHCO and grows by 3 $US/tCOannually to react
1083US/tCQ in 2060.

Carbon price collections will reach 5.2 trillion rubles, or 1.
of GDP.

Energy affordability (the share of energy cost in GDP
personal incomesywill be staying close to, or below, tf
thresholds and ranges registered in 22021.

Driven by carbon prices, the uptake of low carbon process
industry will smoothly increase the costs of basic material
50-60% with a subsequent reduction. In lwiot adversely
affect the competitiveness in the markets with CBAlké

mechanisms, but will provide sufficient incentives and time
material efficiency improvements to offset the growing cao
As to the costs of the final products (for example, aar:
houses), the rising costs of materials will only contribute :
2%.
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Figure 1.7 CO2 emission structure by scenario s
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Figure 1.8
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In all of the scenarios(4S, 1
4D, and 4F) Russia is
ahead ofthe EU in cutting

its CO2and GHG q
emissionsin 2030

Three sets of scenario storylines were developed to cove
abruptly widening uncertainty zone to draw the pathw
which may get Russia to carbon neutraility206Q

In all of thescenariosin 2030Russian C@emissionswill be

65% belowthe 1990 leve] and GHGemissions will be60%

belowthe 1990 level

4D and 4F scenarios are consistent Wit global pathways
to limit global warming by 1.2 A C.

In 20212060, w@mulative net C® emissions will be

21.7GtCQ, or:

4% of the current central estimate of the remaining car
budget from 2020 onwards limit thewar mi ng t o
a50% probability (500 Gt CQ);

2% of estimatedemaining1,150 Gt CQ carbon budgetvith
a67%probability tolimit thewar mi ng t o 2AC

Cumuldive reduction inRu s s GHGO esnission fromthe
1990 levelwill reach 140 GtCO2edgn 2060.1t is 2.4 times
higher, than the global 2019 GHG emission.

In nore of thescenaris will Russia #ain GHG neutralityin

2060, butit will come quite close witlthe remainingnet
GHG emission equal to 8% the 090 level (Figire1.1).
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Figure 1.9
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Limiting the global

warming in 4F scenario
requires a shift in energy

investments away from

fossilfuels towards low

carbon technologies

T

T

l

Even in 4F scenarjahere isno additional investmemtemand
compaed to the2021 level.

As investments in f& supply are declining growing
investments in low carbon solutionwith no additional
investmentdemands associated with 4D and 4F scenarios

The share of investments in levarbon transformatiomay
reach 3.2% of GDP ithe2040s andvill then steaitly decline
to 2.4%or less in206Q

Energy affordability(the share ofenergy cos in income$
will be staying closeto, or below the thresholds and rang
registered in 200@Q021, unless carbon price exceeds 4X8D
$US/CQ.
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Figure 1.10 Energy transition effects and costs
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Figure 1.11 Energy costs shares (ECSSs) in 4D scenario
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2 Projection tools

2.1 Set of computation models

Projectionswere developedising a set of interlinked models their interplay is shown in
Figure2.1 and 2.2. The modelsare groupedaroundENERGYBAL-GEM-206Q which is the

core multisector modelMany of its parametersare identiffiedusi ng a o6cl oud?¢
developed by CENEXXI. The &loudof model®includes:

1 macroeconomic mod&USDVA;

modelfor the powerandheatsectorP& HMOD;
model for industryNDEE-MOD;

model for transporTRANS-GHG;

models for residentialand public buildings REBUILD and PUBBUILD. Some ofthe
calculationdfor residentialb ui | di ngs were made using AEKR
CENE#=XXI for the Housing and Utility Reform Foundation;

= =4 4 -

I model for GHG emissions from the waste sector WASTE

The resultsfor all sectorsare drawnup in ENERGYBAL-GEM-2060 model. ItdeliversGHG
emission estimatesfor the energy sector (including fuel&energy, industry, transport and
buildings), industrial processes, and agriculti&Emissions from the waste sector are estimated in
the WASTE model. In the earlier versions, emissions from LULUCFevessessed using the
ROBUL model; however, a strong debate was launched recently on how much this sector cal
additionally contribute towards the carbon neutrality target, and one vision is that the 2020 net
sequestration level can be doubled. In the $etcenarios used in this paper total LULUCF
emissions are estimated as the volume of carbon sequestration required to offset the CO
emissions left in other sectors to attain the carbon neutrality goal by 2060.

Figure 2.1 The O6cloudd of model s
r T aconar o " Calculation !
1 Scenario | RUSDVA P&HMOD I s, I
! variables: | ‘ __ | results: I
: Population ! I Macroeconomic 1
1 I indicators 1

I Fuelexports, | Detailed IFEB |
! NeteXpOftOf 1 1 Techno|ogy |
: industrial 1 1 structureby 1
I goods : : sectors :
1 Hydrogen I ENERGYBA ; Energyefficiency I
I exports ;, ~ INDEEMOI WASTE 1 andcarbon I
1 ; ; intensit

Ener ricesl 1 y 1
1 v O \ 1 indicators by |
I Carbon prlceI | sectors |
! Technology | I GHGemissions 1
I parameters in I from keysources |
: all sectors | I' Capital !
I Emission ! I investments !
1 mitigation | : Consumgr 5:
1 policies I TRAN&HG RESBUILD | energy spending "
L ————————————————
Source CENE®XXI.
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Figure 2.2 Direct and indirect interlinks inthe 6 ¢ | oaf mdilels
RUSDVA RESBUILD and TRANS-GHG INDEEMOD P@HMOD WASTE ENERGYBAL-GEM-2050
PUBBUILD
RUSDVA Macroeconomic | GDP, investment Macroeconomic projection
projections economidndicators
fuel exports USD/RR
exchangeate inflation
rate
RESBUILD Macroeconomic | Projectionsof building Buildings constructionenergy
and parameters stockdynamics energy efficiencyin key processes (space
PUBBUILD efficiencyparameters heating, DHW, etc.) and RE
RE deploymentand deployment in buildings; GHG
GHG emissions emissions
TRANS-GHG | Fuel production; Vehiclestock Materialdemandor road Roadtransporistock freight turnover
macroeconomic projections(by transport for railroad and pipeline transport,
parameters vehicley; energy transport energy efficiency,
consumptiorandGHG electrification level, GH@missions
emissiongrojections
INDEEMOD Fuel production Productionof key Key industrialgoods Industrial Productionvolumesandenergy
and processing; industrialgoodsthat productionestimatedy waste efficiencyparametersf avariety of
macroeconomic need to be transported | processes anctossindustrial interlinked industrial processes;
parameters technologiesEnergy industrial hydrogen demand
efficiency estimateof
industrialprocesses
P@HMOD Total power and Material demand for RE Estimatechew Power generation by sourcé€,OE
heat demand capacity LCOE, and capital investment; GHG
and capital emissions
investment
WASTE Macroeconomic Power and heat fron| Waste GHG emissions
parameters waste combustion | management
policies
ENERGYBAL- | Domesticfossil Powerdemandand Evaluationof all IFEB parameter$or
GEM-2060 fuelsdemand powergeneratiorby Russia, GHG emission estimates fo
typesof sources each sectoVerification of estimates
obtainedfrom sectorialmodels with
an account of price parameters and
carbon prices; evaluation of
investment demand

Direct interlinks
Source: CENET XXI.

Reverse interlinks

Interlinks within the model
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A detailed set of parameters for the power sector is model&& HMOD; for industryi in
INDEE-MOD; for all transport model$ in TRANS-GHG; for buildingsi in RESBUILD and
PUBBUILD; and for wasté in WASTE. Generallythis set of models is very similtw the one

used by IEA in its calculations for Russia,tortheapproachessedin the POLESmodelfor the

EU.2 For a number of sectors, CENEf uses simpler model versions, because more sophisticate
approaches are not applicable for the data scarcity.

Model runs for each scenario start from tRe&ISDVA and ENERGYBAL-GEM 2060 pair.
Then each sectorial model is run coupled with ENERGYB2EM 2060 clockwise in
Figure2.1 to finish by getting back to theRUS-DVA and ENERGYBAL-GEM 2060 pair.
Several iterationare needed for eadelected scenario.

2.2 Brief description of individual models

2.2.1 The core of the model system 6 ENERGYBALGEM
2060

ENERGYBAL-GEM-2060 is the core of the model syste This simulation modek based on
the unified fuel and energy balance (IFE&®)ncept. ENERGYBAL-GEM-2060 is a dynamic
accounting modetombiring economic and engineering dalidhas an annual computation step
and retrospectively covers 20Q021, while the projection horizon is to 2060t provides
projections ofsingle-productenergybalancegsplit by supply, transformation, and final use) for
coal, liquid fuds, natural gas, other solid fuelsectricity, heat, and hydrogen. The model forms
detailed annual IFEBs faall energy carriers (coal, liquid fuel, natural gas, otbaid fuels,
nuclear power plants, hydrpower plants, renewable energy sources, electribigat, and
hydroge and for nine energuyse sectors (energy transformation, industry, construction,
agriculture, transportation, communal services, commerciatiamsal and norenergy use. The
activities in these sectors are split into 47 products, services and subsectors.

Energy demand in each sector is a function of the activity indicator and specific energy
consumption (SECs). The latter is a function of tetdgyimprovements across the time period
covered in sectoral models, HDD where applicable, capacity load (for industrial activities and
pipeline transportation), and average energy prices. Therefore, no assumptions with regard to th
autonomous technologgrogress are made in these functions. SECs progress is estimated in
sectorial models and then verified for the evolution of energy prices. Energy prices include
carbon price. So themodel helpsevaluate the effestof carbon pricing, as it reflects botheth
effects of consumer response to energy miwngeand the effects ahterfuel competitionThe

latter are modeled based on:

d Q z ofd z —TRH M 2.2
Q OF Q

where
dijt anddjo aresharesf energy carrief in sectori in years 0 and

Yo andy: are GDP per capita years 0 and
pit and po arereal priceof energy carrief in sectori in years 0 andt

31EA. 2021. World Energy Model Documentation. October 2@¥out the World Energy Modél World Energy
Model i Analysis - IEA; Despres, J.Keramidas, K., Schmitz, A., Kitous, A., Schade, BOLESJRC model.
documentatiori 2018 update EUR 29454 EN, Publications Office of the European Union, Luxembourg, 2018,
ISBN 97892-79-973000, doi:10.2760/814959, JRC113757.
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aj is incomeelasticity n sectori for quality of energy carrigr(allowing to improve TFP and
minimize negative environmental impacts);

bjj is priceelasticityin sector for energy carriey.

Annual IFEB matrix is used along with GHG emission factors to assess ep&atpd emissions
(from fuels combustion, venting and flaring) in all activities foroCOHs and NO. In addition
this model estimates GHG emissiansd sinks (including CCUS)om industrial processes (in
close interaction withiNDEE-MOD) and fromagriculture The modehas a block fomtegrating
all GHG emissiongrom all sectordrom more thary0 sourcesind sinks

ENERGYBAL-GEM-2060 also estimates the emissions pafllutans, mwnsumer energy costs
and capital investmesit

Individual parameters of the ENERGYBAEREM-2050 model are determinagsing a cloudf
simulation engineering (bottounp) models for individual secto(Eigure2.1 and 2.2) Those are
models of a lower level of aggregation, whioblp present in detail (at the level of individual
processes products, subsectors) th#ecarbonizationprocessesn these sectors andyased
thereupon, determine the parameters of production volum8gCs, CCSand hydrogen
deployment, andsHG emissiongo be transferred tthe ENERGYBAL-GEM-2060. A set of
sectoral modelsis used to assesize effectiveness ahitigationpolicies

2.2.2 RUSDVA-2060 macroeconomic model

Macroeconomic econometric dynamiodel RUSDVA-2060 is a twesector (oi&kgas and non
oil&gas sectors) simulation moder Ru s s i a-térs1ecbnomicgdeelopment! The oik gas
sector GDP (OGGDP) componenincludesthe value added irthe extraction, processing,
transportationand sals of crude oil, petroleum products and natural.Yase nonroil&gas
GDP (NOG-GDP other economy)ncludesone product. It is determined on the basis of the
production function usingccumulated noeoil&gas capital stock and labar factors In 2021,
Rosstat for the first timeverpublished data on the share of€ajlas GDP, which amounted to
21.1%o0f GDP in2018,19.1% in 2019, and scaled down to 15.3% in 268uch GDP split and
the use ofnonoil&gasGDP as a key indicator for Russi
recommended bBashmakoifteen years agd.The RUSDVA-2060 model parameters were
calibratel to match the O&DP share as estimated Rgsstafor 20172020.

RUS-DVA-2060 model includes siblocks: GDP production; aggregate demanglestment in
the oil&gas sectgrbalance of payments; consolidated budgetsl prices. The econometric
parameter®f the equations were assessed based oretrespective part of the modevhich
includes1995i 2021 dataThe modetime horizonis to 2060 with one year computation step

Key model inputsnclude

1 external exogenous variables: lalbdorce global GDPgrowth rates; net exp@bf oil,
gas, coal, and hydrogen; oil export price and domestic gas fmiakfactor productivity
in thenonoil&gas sectqr

1 internal exogenous variablegestimated in other models): domestic oil and gas
consumption, oilnputto refineries.

4 Econometric macroeconomic model (as part of NEMS model set) is also used by the US DOE EIA.
Macroeconomic Activity Module of the National Energy Modeling System: Model Documentation 2018 U.S.
Energy Information Administration | NEMS Macroeconomic Activitppdule Documentation Report. July 2018.
Model Development U.S. Energy Information Administration (EIA is much more sophisticated.

5 MaksimovP. Methodologyto identify the shareof the oil& gassector in the Russian GDP. Moscgofpril 2021.

Power Point Presentatigrosstat.gov.ru)(In Russian).

6dolya NGS v _VVP_s2017.xlsx (live.com)

7 Bashmakou. Non-oil& gasGDP asanindicatorof the evolutionof Russids economyVoprosy EkonomiKissues

of Economy]2006;(5):7886. https://doi.org/10.32609/004&736-2006-5-78-86.
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Key model aitputsinclude GDP broken down byYDG-GDP and NOG-GDP; final demand
(gross fixed capital formation, privaonsumption, governmergonsumption);consolidated
budget revenues(oil&gas and others) and expenditurdslance of paynms components
(goods, services, investment and income transactions); inflation para(egt#range rateSDP
deflator, consumer and investment price indexes). Cost outputs are provided both in current an
in 2000 fixed prices.

RUS-DVA-2060 assumes an opafomestic economyin which energy exports and the balance

of payments are important drivers of economic growth and provide direct contributions to GDP
and to the evolution of the consolidated budget. Its dynamic structure (with tinfectags in

many econometric functions) allows it to accommodate gkam shocks in the longéerm
evolution of the economic system.

GDP production. The OG-GDP component is driven by external and domestic oilrgbeum
products, andjasdemand and binternational and domestfael prices.OG-GDP production in
current prices is assessed as the difference between gross output (domestic and international ¢
petroleum products, and gaales in physical units multiplied by corresponding domestic
intemationa? oil and gas price (including taxes and any other markups), and intermediate
products in oil&gagelated economic activities. OGGDP projection in constant prices for each
year is a weighted function of oil&gas production and petroleum inputsfiteeries. Projected
nonoil&gas GDP evolution is estimated as a production function of working accumulated non
oil&gas capital stock, labaur, and multifactor productivityHypotheses regardingetrocarbon
expors build on the analyss of the latedliterature on scenarios

NOG-GDP evolution is driven bynultifactor productivity average annual number of employees
and theworking capital stock in this sectolMVorking capital is a function of the capacity
utilization raté® and accumulated capital stock. The accumulated capital is drwi@vestment

in the nonroil&gas sector and capital retirement. Capacity utilization rate depends on the
investment evolution and sufficient supply of imported materials and parts expresste
balance of current account to export revenues ratio.

Oneimportant parameter of the RLIVA-2060 model is theotal factor productivity(TFP)for

the nonroil&gas sector. Rus€iakLEMS project?! provides TFP for the whole economy and by
subsectorsin recent publication® TFP for expanded mining sector (EMS, which includes
mining, processing and refining, transportation and trade of fuels and minerals) was also
provided. EMS is responsible for 22.5% GDP. However, in the KLEMS data set, this

8 Reported by Rosstat.

° Reported g the RF Central Bank

10°A simple indicator for capacity utilization ithe nonoil&gas sector was developed, whishquite in line
(accounting for activities coveragiein Russiacapacity load factor is higher in fuel production}h the results of

the specific methodor presentng the capacity utilization index aggregated for the whole economy as described in
Marshova T.N. Government Stimulation of Technological Modernization of Production Capacity of the Russian
Economy. Gosudarstvenoye Upravleniye [Public Administratiotedionic Bulletin] Issue 55. April 2018ts
evolution is also in line witithe capacity utilization factorseessed via monthly market surveys influstrial
managers from 1998nwards Tsukhlo S.V. Russianindustryin 20212 0 2 Rapidrécovery after the 2020viral

crisis Sciencebasedworkshop on energyand environmentaleconomicsat the Moscow School of Economics,
10.02.2022

11 Russia KLEMS. National Research University Higher School of Economics. December 20109.
https://www.hse.ru/russiaklems/dataklemgbskoboynikov 1.B. Recovery experiences of the Russian economy.
Implications to the Indian Economy. State Bank Institute of Leadership, Kolkata, 18 Sept@@d@r 34 p.
https://www.hse.ru/mirror/pubs/share/40328532Q;pdbskoboynikov I. Accounting for growth in the USSR and
Russia, 19502012. J Econ Surv. 2021;35:8894. DOI: 10.1111/joe$2426

12 \Voskoboynikov 1.B. Recovery experiences of the Russian economy. Implications to the Indian Economy. State
Bank Institute of Leadership, Kolkata, 18 September. 2020. 34 p.
https://www.hse.ru/mirror/pubs/share/403285320.pd¥oskoboynikov  1.B., Baranov E.F., Bobyleva K.V.,
Kapeliushnikov R.l., Piontkovski D.l., Roskin A.A., Tolokonnikov A.E. Recovery experiences of the Russian
economy: The patterns of the pssiock growth after 1998nd 2008 and future prospect®prosy Ekonomiki
[Issues of Economyp021;(4):531. (In Rusi&n) https://doi.org/10.32609/00427362021-4-5-31.
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aggreate is not presented, so the mining and quarrying sector was shown inlFigasea
proxy to illustrate the contribution from TFP to the @BP evolution. Calibrated TFP
parameter for NO&DP inRUS-DVA-2060 perfectly fits the quite sophisticated assessts of
TFP for the whole GDP and its oil&gas part provided by the Rugdi&MS project.

The average TFP for the NOG sector for 12020 was assessed by CENEXI at 0.7%, and
for the whole GDP it was assessed by KLEMS project also at 0.7%. Fo2Ra00it was-0.2%
for NOG-GDP and, according to KLEMS;1.6% in 20072016 for the whole economy.
Therefore, the economic growth after 2007 was extensive, especially in the OG sector {or EMS
in KLEMS aggregation)Analysis based on Rus§i&&LEMS shows, tha in the fuel and energy
sector capital intensitwas growing noticeably fastethan inthe other sectorsit doubled over
the post2006 decade pulling up capital intensity of the entire economyith the 2122%
accumulation rate, this slowed dov@DP gowth. Multifactor productivity inthe fuel and
energysectordecreased markedafter 200520072 leadingfirst to a halt, and then to a decline,
in the economywide growth in multifactorial productivity. Thereforeyith a persisting reliance
on the fuel and energgectorit wasimpossible toacceleraté€sDP growth in theecentdecade.
One additional evidence diie low TFP impact orthe economic growth is the resudbtained
from decaddong market surveys of industrial managernso keeprankinglack of labaur highin
the list ofgrowth barries againsthe background of lowankng labaur productivity4

Figure 2.3 Evolution of TFP for non-oil&gas sector and for the whole
economy
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Aggregate demand All fixed captal investments break down into oil&gas and rmi&gas
sectorsNonoil&gas investments are set as parthefonoil&gas GDP. Personal consumption

is afunction of its one year lagged value and NGGP. Government consumption is a function

of its one yar lagged value and consolidated budget expenditures. Consumption-of non
commercial organizations is a function of its one year lagged value and®IFG Econometric
equations parameters are updated regularly to better reflect recent trends. Total tondamp

the sum of private, government, and remmmercial consumption. Savings are equal to GDP
minus total consumption, and savings surplus equals the gap between savings and investments.

Investments inthe oil& gas sectolinclude investments in productipprocessing and refineries,
transportation infrastructure and oil&gas trade facilities. Investments in production are driven by

13 In the mining and quarrying sectof FP in 19952016 was37% down, and inthe coke and refinery sector 69%
down EMScontributed 76% tohe TFP decline in 201-2016.

14 Tsukhlo S.V. Russianindustry in 20212 0 2 Rapid iecovery after the 2020 viral crisis. Sciencebased
workshopon energyandenvironmentakconomicsat the MoscowSchoolof Economics10.02.2022
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oil&gas production evolution accounting for the investment demand for the compensation of the
scaling down production, as etirgy oil and gas fields are depleted.

Balance of paymentdlock includes exports and imports of goods, net exports of services along
with net earnings on crod®rder investments, and net transfer paymeakports of goods
include oil, petroleum products, pipeline gas and NLG, hydrogen, and other goods. Fuel exports
are assessed as exported volumes multiplied by export prices. Gas export prices are determine
by oil export prices. Nowil&gas exports are function of NOG GDP in constant prices verified

to increase the export share of NOG GDP and global GDP growth. Imports of goods are
modeled as a function of aggregated demand and exchange rate. Net exports of services are
function of private consumptioim constant prices (travel services) and net exports of goods
(transport services). & earnings on crodsorder investmentare a function of investment
growth, andhet transfer paymengse a function of GDP.

In the consolidated budgetblock, budget revaues obtained for the whole budget system are a
function of OG GDP and NOG GDP. They break down into oil&gas revenues (function OG
GDP) and other forms of nemil&gas revenues. Consolidated budget expenditures are a function
of one year lagged value and/eaues. The possible options are: to ensure zero budget deficit by
keeping the expenditures equal to the revenues or to ensure fixed growth of real expenditures i
constant prices.

The Prices block calculates ruble to dollar exchange rate as a functicatiofof consumer price
indexes in Russia and US and the evolution of the import to export ratio of goods. GDP, OG
GDP and NOG GDP deflators are ratios of their current and constant price values. Index of
investment prices is a function of investment laddthe economy, which for oil exporting
countries is set as total investment (demand) divided by NOG GDP (investment realization
capacity)'® Consumer price index growth is set equal to NOG GDP deflator growth.

2.2.3 Power and heat model P&H MOD

The P&HMOD modefor electric and thermal power engineering is a simulation model vith a
yearstep.By concept it is close to the ones used by the IEA, EU and 0@, for the scarcity
of data it is relatively simple. In theté&stmodificationthe time horizonwas extadedto 2050.
The goal ig0 assess the developm@arameters ipower and heajeneration

The model evaluateghasing out and new additions @dpaciy by technology (heatnucleay
hydro,and renewables)he dynamics of LCOE anchpital investmentThe retrospective part of
the model include the 2000 2020dataandis the basisfor some functionspecification The
latest version of the model highlights coal and natural gas generation with CCS.

Powerand heat demand are estimated in the ENERGY®EAIM-2060 modeland are inputs to
the P&HMOD model Then, iteratively,using ENERGYBAL-GEM-2060 and P&HMOD
models, generatiois split by powersourcesThe model estimatesCOE andcapital costs for
separate generation technologies. The investments ares ibpUENERGYBAL-GEM-2060
model.Fuel pricesandcarbontax ratesareimportedfrom ENERGYBAL-GEM-2060 model.

Power generation sources are split into: nuclear; hydro; pump storage; geothermal; gas; gas wit
CCS; coal; coal with CCS; wind and solar. Capadayelopments for the 203035 timeframe

are basednthe GeneralDevelopmenPlanfor theelectricitysector.Up to 2035, thescale oRE
investmentsorresponds to the already approved programme to support renewalsdastioas

for capacity supplycontracts Capaciy evolution beyond2035 is modeled based on the peak

15 Bashmakov |.A. Specificities of extended reproduction in oil extracting countries // Mirovaya ekonomika i
mezhdunarodnye otnosheniya [Global economy and international relafi®88].No4.7 Pp.100-112.

16 1EA. 2021. World Energy Model Documentation. October 2@2dspres, J., Keramidas, K., Schmitz, A., Kitous,
A., Schade, B.POLESJRC model documentatidh 2018 update EUR 29454 EN, Publications Office of the
European Unionl,.uxembourg, 2018, ISBN 9782-79-9730G0, doi:10.2760/814959, JRC1137%AA DOE. 2020.

The Electricity Market Module of the National Energy Modeling System: Model Documentation 2020. July 2020.
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load dynamics accounting for requiredpacity reserveésecurityof-supply margily; rate of
phasingout exiting thermal capacities, and distribution of new capacity additions by genera
sources.

Basic winterand summermaximum peakloads are borrowed from the data reported by the
System Operator of the Unified Power SysfénCompetition for shares in new capacity
additions is modeled based the levelizedcostof electricity (LCOE) for eachgeneration type
Subsidiedor RE generation help promote their faster penetration.

Retrospectivdoadfactorsfor differenttypesof generation fo20182020are estimated based on
Rosstatds st at i sloadfacddrs fordnadlearwereRaken Som ehe tGeneral
DevelopmenPlanfor theelectricitysector, and for wind and solar plants are assumed to become
by 2050 equal to the presewdluesfor the US as estimately LNBL (Lawrence Berkeley
National Laborator}?1%). Retrospectivageneration efficiencparametergor gasandcoal plants
aretakenffomRos st at 6s statistical data and assume

Winter and summer maximum peak loadsKey input parameters for tl@ssessment afinter

and summer maximum peak loadsaclude total electricity generation as taken from
ENERGYBAL-GEM-2060 and outdoor air temperatures during winter and summer maximum
peak loads as provided by the System Operator of the Unified Energy Sy&gmession
parameters were estimated basadhe 20122021 data (Figure.4). The average shape for the
winter maximum load curve was constructed. Basethe 2021 load duration curve provided

by the System Operator (Figur.5), annual electric load duration curvesevolution was
developed.

Figure 2.4 Winter peak load profiles for 2012-2021
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Distribution of capacity additions by generation types Key input parameteto calculatethe
generation capacity mix by technology grerspective values dévelized cost of electricity
(LCOEs Foreachtechnology, LCOEHs calculatedasfollows (2.2):

060 O0—m0 M8 —— 2.2)

where

17 https://www.seups.ru

18| and-Based Wind Market Report. 2021 Edition. Ryan Wiser, Mark Bolinger, Ben Hoen, Dev Millstein, Joe Rand,
Gal en Barbose, Napum Darghout h, Wi || Gor man, Seongeu
National Laboratory

19 Utility -Scale Solar Data Update2020 Edition Mark Bolinger, Joachim Seell, Dana Robson, Cody Warner
LawrenceBerkeleyNationalLaboratory
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CREF is capital recovery factor;
| is investmentosts includingconstructiorcostsati interestrate

OM is incremenal operating and maintenance costs estimated by adding fixed operation and
maintenanceKOM) to variable operation and maintenan¢®©\);

E is electricitygeneratiorestimatedy multiplying installedcapacityby capacityload factor
FC is fuel unit costs;
d is electricitygeneratiorefficiency.

Basedon LCOE for each generation technology capacity additions are split using a logit
function:

Shcap= ai*LCOE4 ( XlZLCOE?) (2.3)
where
g Is weightfor a powerplant type;
LCOE is levelizedcostof electricitygeneratiorby technology.

Figure 2.5 Electric load duration curve in 2021
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Source CENEFXXI basedon dataprovided by the Systemperatorof the Unified PowerSystem.

Before 2035 key parameters for new power capacity additions, modernizatioplaaging out

were set equal to those specified in the General Development Plan for the electricity sector, dat
for RE projects selected at auctiofts capacity supply contractsonducted by the System
Operator of Unified Power System, and data for other RE projects selectadvéorety of
programmes and planBeyond 2035prospective capacity additions were calculated based on
projected maximum loadsvith an account of phased owgpacity and capacity reserve
requiranents

Prospectiveaverage load factors for power generation by technology were determinedhased
the winter and summermaximumpeakloads. They were then used to model power generation
by source.The RE contribution to pé&aoads was assessed based on the capacity credit factor
(CC):2°

CC = RENeak/ RENnhsliaed (2.3)
where;

20 The capacity credit of variable renewables reflects the proportion of their installed capacity that can reliably be
expected d be generating at the time of high demand in each segment. IEA. 2021. World Energy Model
Documentation. October 2021; Investigating the Influence of Storage on Renewable Energy Capacity Credit. Pe
Yong, Student Member, IEEE, Liang Cheng, Huan Zhu, LeigTaNing Zhang, Senior Member, IEEE, and
Chongging Kang, Fellow, IEEE.
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RENeak is contribution of installedveatherdependenRE capacityto the peakoad
RENhsiiaed is installed capacity

Proxies for CC were assessed basedherdata for Germany provided by Fraunhofer Institute
for Solar Energy Systerfis(ISE). To improve CCenergy accumulation systems and storage
demandare projected. Relationships between CC atorage capacityere assessed based on
the data froma specific stud$? for both wind and solar power. Storage capacity demand is
evaluated bsed onCC for winter and summer peak loadCAPEXs for storage systemsre
borrowed from LNBL*

Capital investment for all generation typé&s estimated based on capacity additions and
CAPEXs.CAPEXs for windandsolarcapacities weréakenfrom Mercantile System Managér
wholesale electricity market based on the lists of investment projects selected to launch RE
generation capacity construction 202#* (to be accomplished befor2028). CEPEXs for
nuclear hydro, and thermal capacityadditions wereborrowed from the System Operator of
Unified Power System in202%° (to be accomplished befor@035) CAPEXs for the
construction of different types of generation beyond national programmes in place2(B50

are evolving over time based on the learniates, driven by increasing construction additions
by technologies.

2.2.4 Industrial model INDEEMOD

INDEE-MOD is asimulation engineering (bottoump) model for industry Such models are also
calleddynamic accounting modeandcombire economic and engineeringi?® INDEE-MOD

has a dyearstep.The retrospective part of the moaelvers2000-2021. In 2022, the projection
time horizonwas extendedrom 2050to 2060. For energy and carbon intensive produ@s
products considered) combinesprocesglow (for industries) and energy eude model (for
separate productgpproacks. INDEE-MOD describes in detail theffectsof technolog mix
evolution in the iron and steel chemical, cement, pulp and paper, aluminum industries, oil
refining, coal oil and ga production as well asmodernization in &rossindusty processes
(electricmotors industrial lighting steam oxygen and compressed air supply

First, for each industry, thelemandfor key basic materia (rolled steel, cement, etc.) is
assessedard then, via upstream process supphains the demand for processes and energy
inputs is estimated. This helps to factor in the richness and granularity of industrial low carbon
technology options. Taking iron and steel for examplehange indomestic ad international
demand for rolledsteel determines the need for crude steel production. Then, based on the
process routes mix, capacity additions for incremental production are split (for std@DBF
DRI-gasEAF, DRIgasEAF CCS, DRihydrogerREAF, Scr@-EAF). This split is based on the
production costs competition. Modeled capacity retirement, modernization and additions
determine the evolution of the overarching technology mix across time. For each route, at ever
element of upstream supply chain, thdel is used to estimate demand for energy and
feedstock, such as pig iron, DRI, coke, hydrogen, sinter and agglomerate, iron ore and scraf
electricity, natural gas, etc. For each product, production capacity balance is modeled based @

21 .
https://energy
charts.info/charts/power/chart.ntm?l=en&c=DE&stacking=stacked absolute area&year=2020&legendltems=10111

111111111100&week=30&source=all&downlofatmat=text%2Fcsv

22 |Investigating the Influence of Storage on Renewable Energy Cajireitit Pei Yong, Student Member, IEEE,
Liang Cheng, Huan Zhu, Lei Tang, Ning Zhang, Senior Member, IEEE, and Chongging Kang, Fellow, IEEE.

23 Cost Projections for UtiliyScale Battery Storage: 2021 Update. Wesley Cole, A. Will Frazier, and Chad
Augustine National Renewable Energy Laboratory.

24 Mercantile system managemholesale electricity market

25 System Operator of the Unified Power System (competitive selection of capacity).

26 EIA. 2020. ModelDocumentation Report: Industrial Demand Module of the National Energy Modeling System.
December 2020. US DOE.
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assumptions forlpase out and modernization rates, with the balance to be met via new capacity.
The process is set so as to keep capacity utilization rates below 100%.

For some basic materials (iron and steel, cement) the effects of accumulated material stock ar
assessedFigure2.6) to provide inputs to material demand functions and resource base for
secondary materials supply. This allows it to address the issues of stock saturation and growin
circularity via a larger supply of secondary materials beyond the stockrelerse6 s er v i
The effects of material efficiency improvements are also factoredasic Bnaterialslemand
accounts fothe developmestin othersectors, such acelerated renewalsldeploymenteads

to anincrease iimetalsdemandwhile areduction in the cars fleet brings it down.

Industry is disaggregated infbmanufacturing and mining sectolison and steel; aluminium;
cement; pulp and paper; chemicals; oil refining; oil, gas, and coal production; and cross
industrial processes. In dasector, technologies to produce upstream feedstock and energy are
assessed. Technology parameters are set based on statisticaldasafrom benchmarking
systems, and data for new industrial technologies described in the litéfature.

2”EMISSTRosstat database; Katunin V.V., Zinovdeva N.G.,
industry of Russia operation i8020. Ferrous Metallurgy. Bulletin of Scientific, Technical and Economic
Information. 2021;77(4):36392. (In Russ.https//doi.org/10.32339/013%59102021-4-367-392 Bashmakou.A,

D.O. Skobeley K.B. Borisoy, T.V. Guseva 2021. GHG benchmarking system in the iron and steel indiistry
Chernaya Metallurgia. 2021. Vol.77, No.(fh Russian).

28 For ferrous metallurgy based omataille, C. et al.,, 2018a: A review of technology and policy deep
decarbonization pathway options for making energy intensive industry production consistent with the Paris
Agreement.J. Clean. Prod.187, 960 973, doi:10.1016/j.jclepro.2018.03.107; Cao, Z., G. Liu, S. Zhong, H. Dai,
and S. Pauliuk, 2019: Integrating Dynamic Material Flow Analysis and Computable General Equilibrium Models
for Both Mass and Monetary Balances in Prospective Modeling: A foaske Chinese Building Sectdenviron.

Sci. Techno).53(1), 224 233, doi:10.1021/acs.est.8b03633; CAT, 20Raris Agreement Compatible Sectoral
Benchmark 67 pp. https://climateactiontracker.org/documents/753/CAT_2020
10_ParisAgreementBenchmarks FullReport.pdEnergy Transitions Commission, 2018vission Possible:
Reaching nerero carbon emissions from harekerabate sectors by mhcentury 171pp. http://www.energy
transitions.org/sites/default/files/ETC_MissionPossible_FullReport B3ROFER, 2019Low Carbon Roadmap.
Pathway to a CO2neutral European Steel Industry Brussels, Belgium, 18p.
https://www.eurofer.eu/assets/Uploads/EUROHER-CarborRoadmapPathwayso-aCO2neutralEuropean
Steelindustry.pdf GCCA, 2021aThe GCCA 2050 Cement and Concrete Industry Roadmap for Net Zero Cpncrete
London, UK, 46pp. https://gccassociation.org/concretefuturefvamtent/uploads/2021/10/GCEBoncreteFuture
RoadmapDocumentAW. pdf; Gi el en, D. , D. Saygi n, E. Tai bi, :
decarbonization and lacation of iron and steel making: A case study.Ind. Ecol, 24(5), 11131125,
doi:10.1111/jiec.12997; Gonzalez Hernandez, A., L. Paoli, and J. M. Cullen, 2018b: How refticieet is the

global steel industryResour. Conserv. Recycl33 132 145, doi:10.1016/j.resconrec.2018.02.0@eenSteel for
Europe Consortium, 2021. GreenSteel for Europe. Investment needs. MarchH&®4ich, E., R. Lifset, S.
Pauliuk, and N. Heeren, 202Resource Efficiency and Climate Change: Material EfficieBtptegies for a low

carbon Future Paris, France, 158p.; IEA, 2019f:The Future of HydrogerParis, France, 19%.; IEA, 2019g:
Transforming industry through CCuUSs Paris, France,
https://www.iea.org/publications/reports/TransforminglndustrythroughCCUSA, 2019h: Putting CO2 to use

Paris, France, 88p.; IEA, 2020a:Energy Technology Perspective 20Rxaris, 39pp.; IEA, 2020b: Tracking
industry 2020. https://ww.iea.org/reports/trackintndustry2020 (Accessed December 20, 2020); IEA, 2020c:
Iron and Steel Technology Roadmap Towards More Sustainable Steelmaking, Part of the Energy Technolog)
Perspectives seriesParis, France, 18p. https://www.iea.org/reports/ireandsteettechnologyroadmap IEA,

2020: Energy Efficiency 2020Paris, France, 10®.; IEA, 2020:Energy technology perspective special regort

clean energy innovatign Paris, France, 182p.;
ttps://webstore.iea.org/download/direct/4022?fileName=Energy_Technology_Perspectives_2020_
_Special_Report_on_Clean_Energy Innovation. pdf; IEA, 20%0orld energy outlook 2020461 pp.
https://www.iea.org/events/woHenergyoutlook-202Q IEA, 2021:Net Zero by 2050: A Roadmap for the Global
Energy Sector Paris, 222p.; IEA, 2021: CO2 Emissions from Fuel Combustion online data service.
data.iea.org/payment/procts/115co2-emissionsfrom-fuel-combustior2021-edition.aspx. (Accessed August 27,
2020); IEA, 2021:World energy outlook 2021Paris, France, 38%.; IEA, 2021: IEA, and WBCSD, 2018:
Technology roadmap i low-carbon transition in the cement industryPars, France, 6bp.
https://webstore.iea.org/download/direct/1008?fileName=TechnologyRoadmapLowCarbonTransitionintheCementin
dudry.pdf; International Aluminium Institute, 202 &luminium Sector Greenhouse Gas Pathways to 20&6don,

UK, 20pp.; Kirschen, M.; Hay, T.; Echterhof, T. Process Improvements for Direct Reduced Iron Melting in the
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Figure 2.6 Steel and cement annual demand and stock per capita
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Projecteddomestic consumptioaof basic materials (rolled steel, cement, chemicals, aluminium,
paper, etc.)is a function of macroeconomic variables (such as GDP, indexes of industrial
production and construction), assumptiars future products export potential, and modeled
technology structure evolution. For example, domestic demand for rolled Me¥IQ(is
estimated viahe following function:

YYO YYO zi Ep QQaz'Y n— z000 (2.4)
Rolled steel demand to GDP elasticity coefficief(@ &) is set at 0.65, and per capita rolled
steel saturation level was established &t t/cap?® The per capita consumption results were
checked for consistency with the logic mfterial flow analysisand steel stock embodied in
accumulated physical capital per capita was traced. With no material efficigdy l{oth per
capita consumpin and stock will reach saturation levels closer to 2060JH options are
exploited, per capita steel demand will not exceed 0.4 t/cap, which is slightly below the 2005
2021 average. Since the Russian economy is about twice less resource efficiesdyémaed
economies, per capita stock saturates at a quite high level (which is twice the URC|&vigl).

February 2%, all macroeconomic assumptions, including for basic materials exports, factor in
the effects of the sanctions@ascribed irChapter3.

Steel, pig iron and DRI production are modeled to reflect six major process rou@HBF
(totally phased out in 2027), BBOF, ScragEAF, DRIgasEAF, DRIgasEAF with CCS,and
DRI-hydrogerEAF. The BFBOFRCCS route is also tested for sensitivity. Thare more
potential routes and emerging breakthrough technologies in steel making, many of which are stil

Electric Arc Furnace with Emphasis ofa@ Operation. Process2621, 9, 402;Lovins, A. B., 2018: How big is the
energy efficiency resourceEnviron. Res. Lett. 13(9), 090401, doi:10.1088/174826/aad965; Material
Economics, 2019industrial Transformation 2050: Pathways to +zetro emissions from EU Heavy Industry
207pp. https://materialeconomics.com/publications/industiiahsformatiorl205Q0 Saygin, D., and D. Gielen,
2021: Zereemission pthway for the global chemical and petrochemical seckmergies 14(13), 3772,
doi:10.3390/en14133772; Saygin, D., E. Worrell, M. K. Patel, and D. J. Gielen, 2011: Benchmarking the energy use
of energyintensive industries in industrialized and in devélgp countries. Energy 36(11), 66616673,
doi:10.1016/j.energy.2011.08.025; UKCCC, 2019Net Zero Technical ReportLondon, UK, 302 pp.
https://www.theccc.org.uk/publicatiorgtzerctechnicaireport/ Vogl , V., M. i hman, ani
Assessment of hydrogen direct reduction for feBsé steelmaking.J. Clean. Prod. 203 736 745,
doi:10.1016/j.jclepro.2018.08.279; World Steel Association, 2&0:e e | 6 siondooariaw rcarborufuture and
climate resilient societies 6 pp. https://www.worldsteel.org/en/dam/jcr:7ec64be31c439b-8418-
94496686b8c6/Position_paper_climate_2020_vfinaj.@ébrrell, E., J. Allwood, and T. Gutowski, 2016: The Role
of Material Efficiency in Environmental StewardshipAnnu. Rev. Environ. Resopr41(1), 575598,
doi:10.1146/annureenviron110615085737; andnany others.

29 Bleischwitz, R., V. Nechifor, M. Winning, B. Huang, and Y. Geng, 2018: Extrapolation or sattira@evisiting
growth patterns, development stages and decouplifglob. Environ. Chang. 48, 86 96,
doi:10.1016/j.gloenvcha.2017.11.008; IEA)19. Material efficiency and clean energy transitions. 162 pp.

30 Streeck, J., D. Wiedenhofer, F. Krausmann, H., Helmut (2020): $imakrelations in the soci@conomic
metabolism of the United Kingdom 18@017. Resources, Conservation & Recycling.
https://doi.org/10.1016/j.resconrec.2020.104960
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at the pilot stage and are yet to reach matdtifjhey were not considered in the model, as the
potential deployment scale is expected to be sm&060.

The split of required capacity additions of the listed technologies is based on LCOS (steel)
competition via the followindpgit functior®?

z

@i Q —— (2.5)

B z

Weighting factos (@) capturethe deviationfrom pure cosbasedcompetitionand reflectnon
economic (strategic) preferences, or those economic factors which are not reflected in the
INDEE-MOD. Since equation 2.2 reflects only the distribution of additional capacity shares, the
whole capacity struare evolves smoothly accounting for inertia of ldegm assets turnover in

the steel industry.

LCOSs reflect CAPEXs, newariable OPEXs, fuel and electricity costs, as well as carbon cost.
There are options for LCOSs to account for only scope 1 or tardoope 1 and 2 G@mission
factors for each route. GGemission factors were borrowed from several soutt&ata on
CAPEXs and OPEXs were borrowed from a large variety of recent literature sources on stee
industry decarbonizatiotf.Via technology learing and subsidies provided to reduce CAPEXSs,
the model allows it to improve the competitiveness of low carbon technologies. A similar
approach is applied to ammonia and cement production.

For individual products,hie enduseapproach is applied ase acounting frameworko model
SECs evolution. Based on production volumes and SECs, total final energy use is modeled, an
the split by energy carriers is mostly reflectecENERGYBAL-GEM-2060 based on interfuel

31 Hydrogen plasma smelting reduction; molten oxide electrolysis; iron bath reactor smelting rediliciare iron

ore electrolysisgas injectio into the blast furnacéEA, 2020: Energy technology perspective special repsean

energy innovation Paris, France, 18,
ttps://webstore.iea.org/download/direct/4022?fileName=Energy_Technology_Perspectives_2020_
_Special_Report_on_Clean_Energy_Innovation. BdéenSteel for Europe. Investment needs. March 2021; EPRS.
2021. Carbosiree steel production: Cost reduction opsoand usage of existing gas infrastructure. Panel for the
Future of Science and Technology. EPRS | European Parliamentary Research Service Scientific Foresight Uni
(STOA) PE 690.008 April 2021. IEA. 2020. Iron and Steel Technology Roadmap. Towards mminable
steelmaking. 190 pp.

82 This function is widely used in cebased new technologies shares allocation. B=spres, J., Keramidas, K.,
Schmitz, A., Kitous, A., Schade, BROLESJRC model. documentation 2018 update EUR 29454 EN,
PublicationsOffice of the European Union, Luxembourg, 2018, ISBN -92&9-973000, doi:10.2760/814959,
JRC113757;EIA. 2020. Model Documentation Report: Industrial Demand Module of the National Energy
Modeling System. December 2020. US DOE. IEA useBnilar logic but a more complex set of functiontEA.

2021. World Energy Model Documentation. October 2021.

33 Standard EN 19692 Stationary source emissioiisGreenhouse Gas (GHG) emissions in enénggnsive
industriesi Part 2: Iron and steel industrareenSteelfor Europe Consortium, 2021; GreenSteel for Europe.
Investment needs. March 2021; IEA. 2020. Iron and Steel Technology Roadmap. Towards more sustainable
steelmaking. 190 ppWorld Steel Association, 20268t eel 6 s contri buti on Ilmate a | ¢
resilient societies 6 pp. https://www.worldsteel.org/en/dam/jcr:7ec64b31c439b84b8
94496686b8c6/Position_paper_climate_2020_vfinal.pdf

34 GreenSteel for Europe. Investment needs. March 2021; EPRS. 2021. @asbsteel production: Cost reduction
options and usage of existiggs infrastructure. Panel for the Future of Science and Technology. EPRS | European
Parliamentary Research Service Scientific Foresight Unit (STOA) PE 690.808I 2021. IEA. 2020. Iron and

Steel Technology Roadmap. Towards more sustainable steelma8thgp.;Material Economics, 2019ndustrial
Transformation 2050: Pathways to rmero emisens from EU Heavy Industry 207pp.
https://materialeconomics.com/putdtions/industriatransformatior2050 Pissot, S., Thunman, H., Samuelsson, P.

et al (2021)Production of negativemissions steel using a reducing gas derived 6B gasification. Energies,
14(16). http://dx.doi.org/10.3390/en14164836arbonfree steel production: Cost reduction options and usage of
existing gas infrastructur&TUDY Panel for the Future of Science and Technology EPRS | European Parliamentary
Research Service Scientific Foresightit (STOA) PE 690.008 April 2021; Bataille C., S. Stiebert, F. G. N. Li
CEng. GLOBAL FACILITY LEVEL NET-ZERO STEEL PATHWAYS TECHNICAL REPORT ON THE FIRST
SCENARIOS OF THE NETZERO STEEL PROJECT. OCTOBER 11TH, 2021.
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costs competition with a few exceptions (feample, fuel split for DRI production is modeled
in INDEE-MOD).

Current production capacitgtock will be retiring based on retirement ratssumptions; this
process will be goingalong with modernization and phase alftthe existing capacities.
Evolution of products demand determirtiee scale of new capacity additionsné&tgy efficiency
parameter§SECs)of new facilities can beptionally taken equaither toBAT (stateof-the-art
technologiey or to the bestglobal practical technologies(BPT). It was assumed that
modernization of facilities brings SECs down only to BPT levels. Therefore, capacity stock
evolution (with other factors equal) brings SECs dowor sectors with a wide range of
products, such as iron and sterllp and paper oil refining, INDEEMOD not onlyevaluates
SECs, but alsitegrated energy efficiency indices.

Crossindustrial technologies (motors, steam generation, compressed air systems, oxyger
production, industrial lighting) are the largest energy consumers Remergy intensive
industries. They are modeled using the stock turnover approach with a split by energy efficiency
classes. Modelinthe stockchangeby efficiencyvintagehelps estimate the evolution of average
efficiencies.

The following CO, stocks in ndustry (CCU) are addressed: captured £@om ammonia
production useé to produce urea, and recarbonizafior. naturalCO, uptake in concrete as a
carbon sink® In addition, CCS deployment is considered in detail for iron and steel, cement, and
some chemical industries. CCS deployment scale depends on carbon price and basic materie
costs competition.

As major decarbonization technologies are quite expensigegftcts on total basic materials
costs are assessed. Logically, this cost escalation should encddEage industry and
construction. But these effects are not yet reflected ilND&E-MOD.

From RUSDVA model, macroeconomitputs are transferredhrough ENERGYBALGEM-

2060 to INDEEMOD, servingasfactors in demand functiorfer various industrial products
INDEE-MOD outputs production volumes 027 energy intensive producésd corresponding
SECsannual decline rat¢srethen takerto ENERGYBAL-GEM-2060. Based on energy price
variations, the evolution of the§ECsvalues can be accelerated or slowed down. The approach
used allows it to avoithe autonomous technological progress concept, which is largely used in
energy modeling, and explains wapd how the dynamics of technological structure results in
SECs evolution in time.

Where key GHG emission reductions are yielded through energy efficiency improvements, only
incremental capital costs per unit of energy savings are calculated and E¢HRGYBAL-
GEM-2060. For other effects (when low carbon technologies are applied in iron and steel
cement industry, and some chemical processes), incremental capital costs as compared to t
presently dominant technology per 1 t of product are used.

2.2.5 Residential buildings model 6 RESBUIL®

RESBUILD, a simulation(dynamic accounting) modébr energyuse in residentiabuildings,
hasa oneyear calculation stepThe retrospective part of the model covers 20020, and the
forecast horizons to 2060. The moal splits all residential buildings into mufiamily and
singlefamily houses.Ilt simulates energy use for spabeating, hot watesupply cooking
lighting, refrigeratingand freemg, washing air conditioning TVs, computers and other

35 Based orCao, Z. et al., 2020: Theponge effect and carbon emission mitigation potentials of the global cement
cycle.Nat. Commun.11(1), 3777, doi:10.1038/s4146€20-17583w; Guo, R. et al., 2021: Global CO2 uptake by
cement from 1930 to 201&arth Syst. Sci. Dafd 3(4), 1791 1805, d0i10.5194/essd 3-1791-2021.

36 A detailed description of the model can be found in CENEeport Analysis of thé&keal EstateSector in Russia.
Assessinghe Need toAlter Energy Efficiency Regulatiors. The project was initiated by ROSIZGissociation in
2014.
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appliances. Albf these processes rely on either fuels (including biomass) or centralized or onsite
power and heat supply depending on the technologies used.

The modelinputs are population, disposable incomes, HB&ysing constructiorretrofits and
demolition. Overdlenergy efficiencyperformance of space heatingnew buildingsdepend on
lifecycle costs comparison of packages to improve buildings envelopes and heating efficiency.
However, for deep retrofits a different set of packages is used. Annual deployment rates for thes
packages are selected based on a logit function (similar to 2.2), where costs are expressed
lifecycle costs for 7 alternative energy efficiency renovapackages and 3 packages for new
buildings®’ The packageare modeled separately for mefimily andsinglefamily houses. The
evolution of lifecycle costs is assessed with an account of the learning salsglies, and
carbon tax.The costs and perfarance of new appliances angugmentfor distributedpower

and heatgeneration are exogenous to the model and vamied for the dynamics of
correspondingerformancetandards

The model estimates the dynamics of specific energy use (SEC) based adingbudnd
equipment stock turnover. Entse energy demand is estimated by processes using activity data
(demand for services), equipment performance, and SECs. It is then broken down based o
energy prices competition into energy carriers in ENERGYBMM-2060. This provides a

basis for the evaluation of corresponding direct and indirect GHG emissions.

To model average space heating efficiency for rfatiily and singlefamily houses the
benchmarking functions are used fawildings age cohorts (seeFigure 2.7°8). Buildings age
structurethus impacs overall energy efficiency sincedemolised buildings have the poorest
energy efficiency performance, and newly constructed houses rank the higitesppliances
the evolution ofstock by age cohogis used to evaluate the averameerall energy efficiency
progressService ife expectanciefor equipmentn placedepend on disposal income level: the
lowerthe incomethe longer appliancsgervice life.

Figure 2.7 Benchmark curve for space heating energy use (Gcal/m2) in
Kemerovo city multi -family buildings
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37 The plan is tdouild three types o@partment buildingssome will be built m accordance witthe regulatons in
force; others will havdow energy consumptiot he t hi r d passivé& p b wi [Thifrdt greugihas
larger specific energy consumption while fipassive buildings are the most efficientDistribution of the
commissionediving spaceby these three groups affects total resideifial and energgonsumption

38 In the model, this distribution is normalized to HDD and correatenimber of floors, which makes it universal
across climate zones and across the number of floors in buildings.
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The model accounts for the policy effects, such as EE building codes requirements for both nev
and retrofitted buildings; the share of retrofitted buildings covered by policies and programs,
appliances standards)etering saturation requirementle shareof efficient lighting systems,
renewables support, and other policies which allow for SECs reductions.

The model outputs are: energy use broken down by processes and energy carriers; specif
energy consumption by all covered processes for both new astthgxouildings, direct and
indirect GHG emissions, investments in equipment and improvements to buildings envelopes.

The model simulates penetration of onsite microgeneration of power and heat from renewables
including photovoltaic panels, miwind installations, solar water heaters, and heat pumps. The
market niches are assessed depending on the cost parameters (see Equation 2.5). Weight
factors in these functions reflect policies, which affect consumer preferences for particular
technologies.

The RESBUILD model determines costglifecycle costs, LCOE, LCOH) for key
decarbonizatiosolutions Besidesthe modekestimatesousehold fuel andnergyspending and
its share in personal incomes along witldgetspending to keep energy and housing seegic
affordable for lowincome families.PUBBUILD model for public and commerciabuildings
buildson a similar principleand accounts faeducationhealthcargand 12 other types @ublic
and commerciabuildings.

From ENERGYBAL-GEM-2060 macroeconomic pameters are transferred to RESBUILD and
PUBBUILD, which determine the dynamics okw buildingsconstruction. In the opposite
direction, the parameters of new buildingemmissioningenergy efficiency of space heating,
DHW, andenergy use foother needsas well as the initial structure of energy consumption for
these needs are transmittaad further verifiedn ENERGYBAL-GEM-2050 by changing the
price parameters.

2.2.6  Model for transport TRANS -GHG

TRANS-GHG is a simulation engineering (bottounp) model for transport.Ilt has a onegear
step. The retrospective part of the modebvers 2000-2021, and the projection horizon is
extended to 2060. As in other sectorial modd@RANS-GHG is calibratedannually to fit
historical energy use, fleet stock, and transpamdrk to ensureit accounts for therecent
developmentsThe modeincludesl2 mainblocks 6ubmodule3. The transport sector in broken
down into individual modules for different transporhodes,including vehicles (cars, trucks,
buses), rail transportjtg electric transport, air transport, water transpamtjpipeline transport.
In passenger transport, personal pablic vehicles are modeled.

The nodel projects transport activities (freigahd passenger turnoyewhich are functions of
macroeconomic parameters, such as population, GDP, industrial production, weight of basic
materials produced, disposable personal incomes,Paigsenger mobility is the function of
population and personal income. Freight turnaseseparately estimated for rail transport and
pipeline transport. For the other transport it is a function of G modes forpassenger
transport (personal cars, taxi cars, company cars, carsharing, buses, air, sea, domestic water, r:
subway, tram,trolleybuses, twewheeled transport, and bicycles) and 8 modes for freight
transportation (trucks, rail, air, sea, domestic water, oil pipelines, oil products pipelines, gas
pipelines) are included. Special modudee designed to assess vehidestof ownership Each

block for the transport sectoncludes energy consumption a@&HG emissions(direct and
indirect)i both historical and projected.

The LDV vehicle fleet module is broken down infgersonally ownedcars, taxicars and
company cars, trucks, buses and-tmitreeled vehiclesach of these is further broken down into
powertrainsandfuel used, including gasoline, de, LPG and CNG, hybrids and electiihe
rail transport module includes data on electaid diesel powertaing operational length of
railways including the length oélectrified sections, passenger and fretginhover energyuse,
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and GHG emissions. Urban electric transpooduleincludessubways, tramsand trolleybuses.
It models the length ofraffic routes fleet stock passenger traffic, anelectricity use.Air

transportand water transporhodules projectpassenger and cargo transpdeand, fleet, fuel
use, and GHG emissiorBipeline transport modulacludesoil, oil productsand gas pipelines.

In the IEA model and POLESghicle ownershijs a per capita income function with a specified
saturation levet?® This involves two problems: the saturation level is arbitrarily set and it is a
continuously growing function of income. Therefore, no reiductin per capitavehicle
ownershipcan be assumed when the income is growliRANS-GHG allows for the selection

of the vehicle ownershigunction. One option is based on regression for new car sales as a
positive function of disposable income and a negative function of lagged per elpitée
ownership(reflecting saturation). Where the number of cars added to the stock is smaller, than
stock retirement, per capitaehicle ownershigmay steadily decline. Another option involves
modellingvehicle ownershi@as a function of passenger turnover attributed to LDVs. The latter
breaks down into taxi cars and office cars, carsharing, and perssalObviously, effective
policies that encourage a switch from road to other transport modes and to taxi, carsharing an
carpooling, can bring dowrehicle ownershigeven when the income is growing. In reality,
stock reduction may go not as fast as nedleone and some LDVs may be still listed in the
stock, but their milage may shrink significantRthus barely affecting overall fuel use and GHG
emissions.

The powertrain split for new car sales is based on the costs of ownership competition. There ar
two options: to use cost of driving LC®bor lifetime cost of ownership. The second option was
selected. Costs of new cars, fuel costs, other costs (taxes, insurance, technical service) we
assessed based on the data available for Russia. Where only da@rcgere available (on
PHEV and EVs, the fleet of which is very small in Russia, and so the data are not
representative), prices and maintenance costs data from other countries (mostly EU and USA
were borrowed? A function similar to Equation 2.5 wasessto estimate the shares of powertrai

in new LDV sales. In this function, selectionveéights caraccelerate oimpedethe adoption of

new powertrains, showing the impacts of policies andsumer preferenseThere is an option

to provide subsidies teduce EV pricesTRANS-GHG also estimates infrastructure demand for
road transport, namely, fueling and charging stations.

Road transport fuel efficiency is driven by three factors. First, it is fuel efficiency of new
vehicles, which is exogenouBuel or emission standards folew vehicles can batroduced to
improve this factarSecond, lifetime intensive service; in reality, it is a function of income per
capita, but in the model it is exogenous. Third, the effects ofpfigds. Nominal energy prices
includecarbon price and adeflated to consumearice index.

391EA. 2021. World Energy Model Documentation. October 2@Xspres, J., Keramidas, K., Schmitz, A., Kitous,

A., Schade, B.POLESJRC model. dcumentationi 2018 update EUR 29454 EN, Publications Office of the
European Union, Luxembourg, 2018, ISBN 99879973000, doi:10.2760/814959, JRC113757

40 3-5-fold, see CO2 EMI SSI ONS FROM CARS: the facts. A r
European Federation for Transport and Environment AISBL. April 2018

41 Burnham A., D. Gohlke, L. Rush, T. Stephens, Y. Zhou, M.A. Delucchi, A. Birky, C. Hunter, Z. Lin, S. Ou, F.
Xie, C. Proctor, S. Wiryadinata, N. Liu, and M. Boloor. Comprehensive Tatstl & Ownership Quantification for
Vehicles with Different Size Classes and Powertrains. Argonne National Laborapoily2021; IEA. 2021. World
Energy Model Documentation. October 2021.

42 Burnham A., D. Gohlke, L. Rush, T. Stephens, Y. Zhou, M.A. DeijcA. Birky, C. Hunter, Z. Lin, S. Ou, F.

Xie, C. Proctor, S. Wiryadinata, N. Liu, and M. Boloor. Comprehensive Total Cost of Ownership Quantification for
Vehicles with Different Size Classes and Powertrains. Argonne National Laborapwily2021; Wapgelhorst S.,

uU. Tietge, G. Bieker, P. Mo ¢ k . Europeds CO2 emissi
from 2020 and future prospects. WORKING PAPER 2321 INTERNATIONAL COUNCIL ON CLEAN
TRANSPORTATION. SEPTEMBER 2021; Bieker G. A GLOBACOMPARISON OF THE LIFECYCLE
GREENHOUSE GAS EMISSIONS OF COMBUSTION ENGINE AND ELECTRIC PASSENGER CARS. 2021
International Council on Clean Transportation; CO2 EMISSIONS FROM CARS: the facts. A report by the
Transport Environment nforgradsgoft &d Ewinoronpne ASBL. Amikel8.at i o
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Activities in other transport modes are based on either activity demand functions, such as
railroad freight transport or pipeline transport loads, depending on basic materials and fuels
producton, or on the breakdown of the remaining transport activities by modes, which are
inspired by policies and corresponding infrastructure developments, such as the length of the
subway system or of bicycle lanes. LiE&) POLES*® TRANS-GHG allows for acomparison of
energy consumption and emissions across all madgsegions for different scenarios.

2.2.7 Model for waste management o WASTE

This WASTE model is used mostly to assessGind NO emissions. It is &ottomup model

with a oneyearstep.The retr@pective part of the modebvers 1992020, and the projection
horizon is to 2060. It isalibratedbased on data from the 2020 national inventory. It is used to
project emissions related tsolid waste disposalhiological treatment of solid wastend
wastewater treatment and dischardéne main drivers include population, GDP, industrial
outputs, personal income levels, which are borrowed EdERGYBAL-GEM-2060.

All MSW areconsidered to be incindske in special installationt produceheatandelectricity.
Where this is the cas§HG emissions from combustion are attributed toetiergy sector. The

main policy parametersare composition and the shaxd incinerated waste. Thiarmer is a
function of MSW generated, thshare ofunsorted wasteand the commissioning rate of
incineratorsoit ng f acil ities, as deter mi nt®bebuned v ol

Methane emission is a functiai the amount of organic matter in wastewater; anaerobicity of
wastewater treatment facilitieand theamount of methane burnedn assumption was made,
thatall emissions from sewage sludge occur inside the treatment plant (except when such sludg
Is incinerated). The amount of organic matter in wastevsi@ifunction of both population and

per cgita wastegenerationFor NoO emissionnitrogencontaining substances in wastewates

the key driver.

Methane emissits fromindustrial wastewatetreatment and discharge is a functmforganic
matter in wastewatemnd anaerobic capacity of theeamentfacilities.

43 Despres, J., Keramidas, K., Schmitz, A., Kitous, A., SchadePBLESJRC model. documentatidgn 2018
update EUR 29454 EN, Publications Office of the European Union, Luxembourg, 2018, ISBBR978B97300-0,
doi:10.2760/814959, JRC113757.
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3 The angle of incidence is not equal to
the angle of reflection. Impacts of the
gl obal scale and of |
partnerso | ow car bo
Russi ads economic dey

3.1 Call for change

The purpose of this chapteristsasss t he systemic i mpacts of
key trade partnerso | ow carbon transition
selected decarbonizatigmathways. This assessment is broken down into exploring the effects on
Russids traditional exports (mostly fossil fo
carbon markets. Ru s s i a-based. éossilnfuels yand irasv matexials
production contributes 280% to GDP, nearly two thirds to the industrial otfpuyp to 40% to

the federal budget, almost 25% to the consolidated budget, and nearly 75% to export revenue
Therefore, if the Aol do model of economic
depend on the potential to supply fuels and basic ma i al s t o Russiabs t
domestic market in the decades to come. Since the expansion potential of both these markets
limited, new drivers are required to accelerate the economic growth, and so new low carbor
products have to find miet niches in the emerging markets. Global low carbon transition sets
chall enges, but al so provides opportunitie
largely depend on the ability of the Russian government to recognize the scale of the e€halleng
and to address it viaffective policy packages. Until very recently, all these three calls for
significant transformation were poorly met.

The potential to reach such balansebstantially shranlafter the military operation of the
Russian troops itJkraine. Some countries announced their willingness to reduce imports from
Russia as part of sanctions pack&gasd longer term energy security polityGo shoriterm, as

well as medium and longterm export perspectives for the Russian fossil fuels dasbic
materials got much worse just overand gany . F
former trade partnerbave startedto develop strategic goals to minimizkeir reliance on
Russian products as their leteympolicies. This may have sevesffectsfor Russi® scononic
prospects.

3.2 Traditional markets
3.1.1 Crude oil and petroleum products

The future of markets for Russian crude oil getioleum productdepends on the evolution of
the global oil market, t he askbtnithestandthe@volatan nt

44 Oil Market and Russian SuppilyRussian supplies to global energy markefsnalysis- IEA; Background Press
Call by a Senior Administration Official on Annocement of U.S. Ban on Imports of Russian Oil, Liquefied
Natural Gas, and Coal | The White Houg®l rallies as US and UK announce bans on Russian oil imjports
business live | Business | The Guardian

45 Joint Statement between the European Commissionhendrited States on European Energy Security Brussels,
25 March 2022Statement between the Commission and the US on energy (europa.eu)
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of Russiads domestic oil demand. Most proj
peak before 2050 (Fig. 3.1). The only exception is the projection by EIA, which anticipates high
economic and oil demand growth | n t $cenarib &ith 8tated policies, global oil market

will saturate close to 5000 mtoe in 263050; however, in the announced pledges and low
carbon scenarios, after a peak in 2030, oil supply is expected to be steadily shrinking. In the IEA
or BP NZE scenarios, there is no need for additional investments in oil production, as demanc
follows the natural production decline in currently operating oil fields. The gap between supply
with no new greenfield investments and any other pathway plotfeéid.i3.1 indirectly indicates

the huge need for investments to bridge the corresponding gap in oil demand.

Figure 3.1 Projections of global oil and liquid fuels* production to 2050
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* Some sources repoctude oil, while others show liquid fuels.

SourceslEA. 2021.World Energy Outlook 2021; IEA. 202Net Zero by 2050. A Roadmap for the Global Energy
Sector;BP Energy Outlook2022 Edition; DOE. 2021international Energy Outlook 2021with projection2@bQ
October 20210PEC. 2021. World oil outlooR045;DNV. 2021.Pathwayto netzeroemissionsEnergytransition
outlook2021;estimatesy CENEf-XXI andThe EnergyStrategyof the RussianFederatiorto 2035.Decreeby the
Governmenbf the RussiarF-ederation No. 1528 of June 9, 2020.

The analysis time span is to 2060. IAMs projections were explored to clarify, how oil supply
may evolve beyond 2050 (Fig. 3.2). The evolution pattern beyond 2050 is similar. In low carbon
scenarios, oil supply peakefore 2030 and then scales down with subsequent stabilization at a
level below 2000 mtoe in most scenarios. For low carbon scenarios, declining trends plateau at
level nearly equal to the volumes of oil needed as chemicals feedB®@stimates feedsté

oil demand by the chemical industry (plastics, fertilizers, fibers, etc.) a7@60ntoe’® IEA
estimates it close to 750 mtoe in 2d5®ome of it can be substituted by liquid biofuels and
synthetic oil. The current level is close to 500 mtoe. Theeefonly moderate growth is
expected for nomnergy usdiquids. The rest are combustible liquids with a quite substantial
future demand uncertainty range.

Maintaining the current level of oil supply by 2100 will require 400 thousand oftpeoven
resources. BP reports them at 244 thou¥andoe in 2021. So about as much additional
resource will be required in the decades to come to meet such demand.

4 BP Energy Outlook 1992050, D20 Edition.

4T|EA. 2021.World Energy Outlook. 2021.
48 BP Statistical Review of World Energy, July 2021.
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Figure 3.2 IAMs projections of global oil  and liquid fuels supply to 2100

ary Energy|Oil

all scenarios scenarios of less thafQ warming to 2100
Sourcesl AMC 1.5AC Scenario Explorer hosted by |1 ASA

Russiacontributesabout 13% of global oil supply andishe wor | dés third |
after the US and Saudi Arabighree quarters of produced aihd gas condensate are exported.
The RF Customs Service reports 2021 crude oil and gas condensate exports from Russia at 2.
mtoe and the exports of petroleum products at 144“htRassiais (depending on the year) the
largest or secontirgest oiland petroleum productxporter 412,381, and 383mtoe in2019,

202Q and 2021 respectively, which means Russia has a more than 10% share in the global liqui
fuels international tradelhis explains why oil and gas condensate production projectons
Russiamirror the globalmarket temporapatterns (Fig.3.3). Until recently, mly DOE had
expectedhat Russian oil productioroald expand. All other projections eith&ake production

nearly constant dr for low carbon pathwayk expecta deep decline by the micentury.These
pathways are dsed on the expected evolution of domestic demand and exports. The latter are
projected by BP for Russia to drop to 244 mtoe by 2050. OPEGNly expects a modest
decline for Russia and Caspian: from 330 to 308 mtoe in-2028.

Figure 3.3 Projections of Russi ads* oi l prod
March 2022
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* Projections by DNV and IEA are provided for global subregions, which include Russia.

SourceslEA. 2021.World Energy Outlook 2021; IEA. 202Net Zero by 2050. A Roadmap for the Global Energy
Sector;BP. 2021. Energy Outlook 2050; BP. 2022. Energy Outl@oR?2 Edition; DOE. 2021nternational Energy
Outlook 2021with projections to 2050Qctober 202, LOPEC. 2021. World oil outlook. 2045; DNV. 20Hathway

to net zero emissions. Energy transition outlook 2021.

49 RF customs serviceistomsyov.ru)

50 BP Energy Outlook 1992050, 2020 Edition.
51 OPEC.2021. World oil outlook. 2045.
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All of the above projectiondhad beendevelopedbefore sanctionswere announced.Some
countries (USA, UK and Australiddaveannouncedbans on the imports of Russian oil, liquefied
natural gasand coal by the end of 2022 EU hasproposed to phase out dependendas
Russian fossil fuels by 2027 According to DOEin November 2021 Russia was responsible for
26% of the OECD oil and petroleum imports: 17% of OE&Derica; 34% of OECEEurope;
3% of Japan and 9% of South Korea The sharexdérnalmarketsfor the Russian ailwhich
may be affectedby the sanctionsexceeds 55%Fig. 3.4)

Figure 3.4 Russiads crude oi | and g @estinationnnd e n s :
2020 (a) and Russian energy imports as a share in total energy
supply, 2019 (b)
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Source: US EIA. Country Analysis Executive Summary: Russ2@21;OECD Economic Outlook, Interim Report
Economic and Social Impacts and Polimplications ofthe War in Ukraine March2022

In 20192021, EU imported 12138 mtoe of crude oil from Russia (Fig. 3.5), which is2286

of the EU import. Additionally, EU imported from Russia79 mtoe of petroleum products per
year (nearly half of ta EU import) in 2019 first half 2021>* EU6s petr ol eum

i mports are more or | ess balanced, therefo
from the total oil import dependengeThe cut of supply from Russia needs to be followed by
the reorientation of some EU petroleum exports to domestic uses. This would reduce the EL
export to other markets, where it potentially can be substituted by some Russian refinery
products. Such profound dependence on the oil impgontsore than a quartesf crude oll
demand and slightly below 40% of liquid fuels supplgxplains why EU cannot quickly refuse

the Russian oil.

If the EU embargo schedule is adopted and fully implemented, Russia will los21788toe of

the EU petroleum market by 2027. IretlEA NZE scenario, oil demand in Europe is expected

to decrease by 160 mtoe in 262030. The major part of this decrease is attributed to the EU. In

t he | EA6s announced pledges scenar 9% mtoet he
Therefore,if the entire EU is politically determined tonplementthe whole demand reduction
potential and the expected consumption decline is attributed entirely to the Russian oil supply
cuts, still some additional amount (@00 mtoe) will be required and can be obtdiegher by

52 Background Press Call by a SenAdministration Official on Announcement of U.S. Ban on Imports of Russian
Oil, Liguefied Natural Gas, and Coal | The White Hou8# rallies as US and UK announce bans on Russian oil
importsi business live | Business | The Guardian

BWar in Ukraine: Von Der Leyen Eyes fBloanbergy EUOS RuUS:¢

54 BP Statistical Review of World Energy July 20P Statistical Review of World Energy July 20Z8y) imports
of energy productsrecent developmentsStatistics Explained

SSTable_and_figures_oil_and_petroleum_products_2020.xIsx (live.com)
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file:///D:/Mailbox/ECF/2022/Ð½ÐµÑ�Ñ�Ñ�%20Ð¸%20Ð³Ð°Ð·/EU%20imports%20of%20energy%20products%20-%20recent%20developments%20-%20Statistics%20Explained.html
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fec.europa.eu%2Feurostat%2Fstatistics-explained%2Fimages%2Fc%2Fca%2FTable_and_figures_oil_and_petroleum_products_2020.xlsx&wdOrigin=BROWSELINK

redirecting the Elexports ofpetroleum products to domestic efser by turning to other regions

for supply to substitute Russian imports. In this case, average annual decline in Russian impor
in 202%£2027 will be 31-36 mtoe, which may be lger (3545 mtoe) in 2022, if all of the
announced measures are effectively adopted. Part of the 2022 EU consumption decline wil
originate from the economic slowdown in response to the energy price shock and resulting low
energy affordability.

Figure 3.5 EU crude oil imports by country of origin
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Source: Eurostat (online data code: nra ti oil)

SourceTable_and_figures_oil_and_petroleurproducts_2020.xIsx (live.com)

Russian crude oil exports to the US were below 5 nmo2019 below 3 mtoen 202Q and
below 1.5 mtoen 2021 For petroleum products the corresponding numbers are 11.4, 17.4 and
below 4 mtoePresidenBid e nE&esutiveOrderblocks new purchases of Russian crude oil and
some of theetroleum products, LNG, and coal. UK imported 2.4 mtoe of crude oil in 2019, 3.1
mtoe in 2020, and 2.7 mtaever three quarters of 202Ahlong with 3.9, 2.1 and 1.7 mtoe of
petroleum productsSo an embargo on oil and petroleum produsispply will squeezethe
external market for Russian oil by additional13 mtoe. This effect may be distribdtever

two years witha cut of some8-11 mtoe in 2022. Australieimports of Russian oil and refiner
products in 2021 was only 0.06 mi@® anAustralian embargo will have little impactfter the

active phase of the invasion is over, these sanctions may persist depending on the outcome.

IEA has estimatedhat 10 immediate steps taken by advanced economies can cut oil demand by
2.7 mbd in the next 4 montAsBut many of these 10 actions (dage Sundays in cities, or work

from home up to three days a week, where possible) require a significant andablestain
behavioural change, which is hard to attain to the required level and to back up with necessar
regulation in limited time. Therefore, only a fraction of this potential is practically available.

The ptal market loss fothe Russian oil is estimatedose to 20230 mtoeby 2027 or 5260%

of 2021 expor (383 mtoe) or 38-44% ofR u s stota praduction (524 mtoe)f about Imbd

in 2022 and 4% mbd by 2027re removed from the global market (which is about 100 mbd) at
the ascending stage of theyclical energy price evolution, oil prices might grow up to
US$/b100-150 or evenhigher, while the averageannual price may reacdS$/b100-120 in
2022 up by50-80% from US$/67 in 2021. Inthis case degite the embargm 2022anda few
subsequenyyears Russi ads oi |l dr@pybatingrease comgpared 002021. The
embargo effectsnight becomepainful for Russia only aftethe oil prices il downsubstantially

%6 There are some problems relatedhedifferent structure of petroleum products impahd expor.
STIEA. 2022.A 10-Point Plan to Cut OiUse 18 March 2022A 10-Point Plan to Cut Oil Use (windows.net)
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along witha supply decline closer to 2027. An additional skierm reduction inRussi® il
production will result from a deep recession in the Russian economy.

In a longer term, the global switch from fossil fuels and oil will accelerate as a result of both
political determination to reduce the energy dependence on Russia andea gpake of
alternative technologies as these become mc
for a long time, unless this label is removed after a change of the regime. Therefore, pathway
t hat are based on t hlerodaction bre becomiag unfeasiblel AfterB u s
significant decline in 2022027, Russian oil exports may somewhat rebound in thetema,

but in a |l onger term they wil!/| Ahighly®™l ik
(Fig. 3.6a). Redudn in foreign investment and limited access to new technologies and
financing would additionally limit the ability of Russian oil companies to scale up production in
a longer term. As to the alternative markets for Russian oil, there is some potertdditamal

supply by 2030 to China, India, Africa, and Southeast Asia to meet their respective demand:
projected by the IEA stated policies and announced pledges scenarios, but this potential wil
expire by 2050 (and it is neexistent in the NZE scenajio

Oil price predictions are risky both in the short and {exgn. The logic of oil price projection
shown in Fig. 3.6b is based on the obsemgdical evolution ofenergy pricegand energy costs
sharesin the incomewith some 2830-year cyclesThecyclical nature of energy prigynamics
hasmanifesedfor five centuries anéxperienced multiple technoliegl transitions and changes

in the energy mix2® Energy costs constantise. stable over long time energy costs to income
ratics, arethe centerb 6 e ¢ 0 n 0 mi .cEneqgy afferdabilitytthresholds afeundin all

major final energy use sectorsanifesing the6 mi nus oned6 phenotmtnon
cycle-long real energy pdesmay only grow byas much agnergy intensitydeclines®® Energy
affordability thresholds and asymmetric price elasticities are important falcédrdetermine the
existence ofthe turning points towards the center @fe c o n o mi ¢ g thaaoydlid at i
evolution of theenergy costshares

Despite a deep redud on i n Russian oi l and petrol eum
revenues will exceed the 2021 level for a while (Fig. 3.6¢). A severe impact of sanctions will
only be felt thereafter. In the strong decarbonization pathway, beyond 2027 oil revédhstss/w
below US$ 100 billion in current prices, which is just a half of the US$ 204 billion average in
20102021. Russian oil revenues in 2022 will exceed the 2021 level, unless the average annue
oil price stays below 70US$/b.

®Bashmakov | . AEconomi cs of ehehgg prices dysamigdiopresy Ekanondki | o n
2016;(7):3663. (In Russ.https://doi.org/10.32609/004273620167-36-63

59 Bashmakov I. 2007. Three laws of energy transiti@mergy Policy Vol. 35, No. 7, pp. 35838594;Bashmakov

I. 2017. The first law of energy transitions and carbon pridimigernational Journal of Energy, Environment, and
Economics Vol. 25, No. 1, pp.142;Bas hmakov | ., My s hé&akd ehergy @d$isicBnstants:Mi n
Sectorialimplications. Journal of Energy, Vol. 2018, Article ID 896248ps://doi.org/10.1155/2018/8962437
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Figure 3.6 Russian oil and petroleum products exports, export prices and
export revenues with an account of the embargo effects
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For oil, the key findings are as follows:

1 Foreign markets will be steadily shrinking at a pace determined lpradlgeess ifow carbon
transition and-- at least for some time- by the political unwillingness to purchase the
Opol it idRaskidnpil t oxi c
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1 Itis highly unlikely that Russia will evdye close to400 mtoein oil and petroleunrexports
registerecdbackin 20182019;

1 Oil prices growthin 20222024 will overcompensate (for a few years) the revenue loss
associated with the sanctionsnaunced for Russian oil. The effect of both decarbonization
and sanctions will become severer after 2025. Extra revenues obtained iA02@22f not
fully spent to support the Russian economy, may for some iaitigate the oil revenue
collapse beyond@5.

3.1.2 Natural gas

The global prospects for natural gas, which was considered a fossil bridge to tfession
future, are much brighter for the decades to come (Fig. 3.7). In the BAU and stated-pkécies
scenari os, gl obal gas de man duncedopledyes tenanos, d k
peaks before 2030 and then declines quite modestly. In low carbon scenarios, it peaks befor
2030 at about the current level or slightly above it, and then declines te8200cm by 2050.

Figure 3.7 Projections of global gas production to 2050
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SourceslEA. 2021.World Energy Outlook. 2021; IEA. 202lNet Zero by 2050. A Roadmap for the Global Energy
Sector;BP. 2021. Energy Outlook 2050; BP. 2022. Energy Outl@oR?2 Edition,DOE. 2021 International Energy
Outlook 2021with projections to 20500ctober 20210PEC. 2021. World oil outlook. 2045; DNV. 2021. Pathway
to net zero emissions. Energy transition outlook 2021.

In IAMs projections, the uncertainty ranges are much greate but gener al | vy,
trajectories have a similar shape. In low carbon scenarios tcZIEY) they arenostly traced
bel ow the current production | evel, whil e
er ao b2¢00 Fin.8@

Figure 3.8 IAMC projections of global gas production to 2100

W gion: World, variable: Primary Energy|Gas

all scenarios scenarios with less thaf@Q warming to 2100

Sourcesl AMC 1. 5AC Scenario Explorer hosted by I 1ASA
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Some 400 trillion cm are needed to maintain gas supply at the current level until 2100, while
global proven resources were regairat 184 trillion cm at the end of 202t is challenging to
provide the growing supply with the required resources. If no additional greenfield investments
are provided, gas supply from the currently operating fields will shrifdéd4to 1000 bcmby

2050.

Until recently, Russia had been contributing118®6 to the global natural gas supply. Just a little
over 70% is consumed locally, the rest is exported (221 bcm in 2019, 203 and 204 bcm
respectively in 202@021). As the local consumption slowly evolves, future production
pathways will largely depend on the expected capacity of foreign markets and on their
willingness to absorb Russian gas. The latter was undermined deeply after Fadfusgfore

this date, BAU projections expected some growth in Russian or Eurasian gas supply (Fig. 3.9)
Announced pledges and low carbon scenarios assumed some growth in supply till 2030 and
plateau or a decline at a later stage. Only in the IEA N&#hario a fast production decline for
Eurasia was projected by 2040 with a subsequent stabilization iR22%405

Figure 3.9 Projections of Russian* gas production to 2050 made before
March 2022
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Sector;BP Energy Outlook 2050: SeptemberROE. 2021 International Bergy Outlook 2021with projections to
205Q October 2021DNV. 2021. Pathway to net zero emissions. Energy transition outlook 2021.

EU (68%) dominates in the geographical strt
the RF Customs Service statistics, pipeline gas exports to EU was 151 bcm in 2019 and 142 bci
in 2020. In addition, 16 and 31 bcm LNG were imported by EU fromsRun 2012020. So

the total is close to 170 bcm, or about 46% of the EU net gas imports, and about a third of tota
EU gas consumption. EU sources provide close estirffates.

60 BP Statistical Review of World Energy, July 2021.
61 European Union Imports of estimate of low valued import transactions from Rua822 Data 2023 Forecast
20002020 Historical (tradingeconomicem)
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Figure 3.10 Rus si aods saxadrtsby dektinagjam in 2020
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Figure 3.11 Extra EU imports of natural gas from key trading partners, 2020
and first semester 2021
2020 First semester 2021
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import transactions from Russi 2022 Data 2023 Forecast 20R020 Historical (tradingeconomics.com)

It is a challenge for EU tovaid the dependence on Russiayas If EU is to phase out
dependencies on Russian fossil fuels by 2027, it neegltme gas consumption and mobilize
alternative sources to substitlité0 bcm supplied from Russiahdre are even more ambitious
plans toreplace 100 bcm of Russian gas (two thirds) by the end of 20R2 attain the latter

goal gas exports from Norwaye second largest EU supplier, have to double, or supply from
Algeria has to triple, or supply from the US has to more than quadruple over 9 months
(Fig. 3.10). If LNG is to be used to replace Russian pipeline gas, then EU and LNG suppliers
will probably reed to sign longerm contracts for gas deliveries.

62 EU announces plan to slash Russian gas imports this year |-Rksaiae war News | Al Jazeedaint European
action for more affordable, secure energy (europa.eu)
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In early March 2022EAp u b | i As1Rai Mt Pl an t o Reduce the
on Russian Natural Ga$3? Potential gas demand reductsowere assessed fanany items.
Plan. 1. No new gas suy contracts with Russiaction can reducthe imports of Russian gas

by 15 bcm in 2022 andy up to 40in 203Q 2. Replace Russian supplies with gas from
alternative sourcescan potentially bring30 bcm in additional gas supply from nBussian
sources3. Introduce minimum gas storage obligations to enhance market resiliedueeshe
vulnerability of gas supply and improves the stability of gas process at the expense of the
additional 18 bcm supply in 2022. That fully neutralizes the gsieomt effecs of Item 1 above.

4. Accelerate the deployment of new wind and solar projevey and above the already
anticipated growthn the shortterm may reduce gademand by cm.5. Maximize generation

by existing dispatchable lovwwmissions sourcebioenergyand nucleamwould allowit to reduce

gas use for electricity generation by 13 bé&nEnact shorterm measures to shelter vulnerable
electricity consumers from high pricesll require introduction of demporary tax on electricity

c omp ani e spoofitavGasfidketl gehefation is the marginal source at the wholesale power
markets so higher gas prices lead windfall profits for all suppliers along the power supply
cost curve (p to EUR 200 billiop and part othis amounis goingto be reallocat# to support
vulnerable consumer&@round EUR 55 billiop This plan item enlarges gas demamngthis
group of consumer® enablethemto maintainsanitaryrequired heating level3. Speed up the
replacement of gas boilers with heat pumasuld save additional 2 bcm of gas use within the
first year, but will require EUR 15 billionin additional investmentThe slowdown of thé&U
economy may not allowt to mobilize that muchwithin one year8. Accelerate energy efficiency
improvements in wldings and industrypotentially allowsit to reducegas consumption by

2 bcm within a year9. Encourage a temporary thermostat adjustment by consuruersng
down the thermostats by 1AC wo U0 8teprugeafots® g
diversify and decarbome sources of power system flexibilitgtion was not estimated in terms
of demand reductigrbut, along with peak power prices, it gansh the flexible demand down
throughreattime electricity price signals.

All together, these items could reduce the EU demand4y I&cm in the shottierm and by 60

75 bcm by 2030. The goal of completelyai di ng t he EUOGs dependen
by 2027 is highly challenging. It necessitates huge gas savings alttmthevpathway proposed

in the IEA NZE scenario, which yields about 60 bcm in EU gas use savings ir2@821to be
supplemented with over 1a010 bcm in additional gas supply from alternative suppliers. The
latter equals total current gas supply fromemdative sources. If the EU plan is successful,
Russia will have problems with finding new markets for-180 bcm of pipeline gas supply lost

by or before 20271t may eventually redirect some of the lost export amounts to other global
markets put this srategy takes time, meets with substantial infrastructure demand, and will face
technology and financing restrictions.

Prior projections were substantially revised downwards to reflect the potential embargo effects
on the Russian gas exports (Fig. 3.1REW manages to cut its gas imports from Russia by 100
becm in 2022 and by 150 becm by 20Z%%hen Russian total pipeline gas exports may shrink to 50
bcm by 2027. Russia might then rebound it, as some new markets with no sanctions expanc
until the scalingeffects of the decarbonization policies squeeze gas demand there as well. In
2021, average Russian export gas price (272 US$/1000 cm) was twice the 2020 level: In 2022
2025, it can reach and exceed 360 US$/1000 cm (keeping in mind that underiorgpntacts

gas prices are lower than in the spot mark@&@smand for alternative supply (to substitute the
Russian gas) will develop a market pressure to keep the gas prices mgh.t hi s case
gas export revenues in 2022 may exceed the 2021 lesgjtelea sharp decline in exported
volumes. It is not until 2022035 that Russia will face a substantial decline in gas export

68A10Poi nt Pl an to Reduce the Eur opeadAnalisisilEANds Rel i an

Practical restrictions to attaining this goal ar e
No. 11, March 140, 2022 (inRussian).
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revenues to the level close or below the one registered in 2020 in nominal terms, but much lowe
if import prices growth is accoied for. So efforts to reduce the dependence on the Russian gas
will bring visible export revenue impacts only beyond 2025.

Figure 3.12 Russian pipeline gas exports and export revenues accounting
for embargo effects
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Source: CENEXXI.

According to the Russian Central Bank and RF Customs Service, iRZD220Russia exported
66-68 bcm as LNG, which brought over US$ 7 billion in revenues in 20212020, 17 bcm

LNG were provided to EU. EUGOs decision to r
the LNG trade. In this case, Russian former LNG exports to EU may be redirected to other
destinations. Therefore, not many skerm impacts can be expected. In thegiterm, lack of
domestic technologies and financing will hamper projects aiming to expand LNG supply from
Russia.

The conclusions for natural gas are as follows:

1 The EU market and some otherarkets forthe Russiangas will be shrinkingdriven by
decarboization policies, high gas prices and the political unwillingness to purchase the
0t oxicbd Russian gas;

65 The RF Customs Servicécustomsyov.ru)
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1 Potential expected volumes &ussian gagxports in BAU and announced policidee
scenarios may show a -2@0 bcm drop by 2027. It is very unlikelyathgas exports and
production in Russia will ever exceed the 2021 level,

1 Russia has given a substantial push to the low carbon transition process in the OECL
countries and worldwide. Global demafwil Russian gasn the whole 2060 time spaill
be mucHower than thatexpected before February24

1 Domesticnatural gaglemandn Russiawill be driven by two factors working in the opposite
directions. First, the demand will be declinidge tothe Russian economic recession with a
subsequent slow revivadnd second, low carbon transformation of the Russian economy will
be slowed down by the equipment impa@strictionsand declitng incomes.

3.1.3 Coal

Recent developments have revived coal demand even despite higher coal prices, because ¢
prices have growmuch faster making codllased power generation more competitive even with
high carbon prices (these dropped in March 2022 as a reaction to skyrocketing fuel prices). In th
early 21 century, coalmanagedd win back somef the share it had lost in gldbanergy
demand. A largecoal use forpowergenerationn China andndia after 2000gave rise to the
Aisecond .coo aSgoomeaiv amal consumption willinlikely last longer than until the
mid-2020s.Coal consumption reachedabsolutepeak of 8 Hiion tonsback in 2011A return

to this peak is possible by 20%4artially due to the recent surge in gas priddsyond that

point, even before 2030, coal consumption sthrtdeclinng steadilyat a pace determined by

the dearbonizationprogressOnly DOE expectsome growth in coal use by 2050 (Fig. 3.13).

All of the other recent projections show tha@atwill never come back, and thengll be no

At hird cBvan annaumced mgledgike scenarios expect a substantial (at least 25%)
global coal demand reduction by 2050. Low carbon scenarios expect abold 8ecline
leaving coal use below 1000 mtce at facilities mostly using the CCS technology.

Figure 3.13 Projections of global coal productia to 2050
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According to the |11 ASA database, in all S
production delines by a factor offour or more by2050, andn the scenarios witithe warming

| i mi t e d it dedinedby @nfo& an order of magnitudgig. 3.14) Many countries have
alreadypledgedto phase out codlased powegeneration. The Powering Past Coal Alliance
(PPCA) is a group of more than 137uatries, cities, regions and organizations that have

56 |EA, 202%. Coal2021.Analysis and forecast to 2024.
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announced he goal of MAsendi ng c o adountriesdnadno taterdgharp a s
2050 inother countriesby phasing out codlred energyproduction that does not haearbon
capture andtorage systems place Largerscale deployment of direct reduced iron production
technologyusing hydrogen as a reducing agent will lead to a drop in metallurgicall @mand
Modern systems of taxonomy virtually block funding for new coal projects. éifd of coal
generation i€lose buttheexact date is still unclear.

Figure 3.14 IAMs projections of global coal production to 2100

able: Primary Energy|Coal egion: World, variable: Primary Energy|Coal

all scenarios scenarios with warming below@ to 2100

Sourcesl AMC 1. 5AC Scenario Explorer hosted by |1 ASA

Russiacontributess% to the global coal supplylNearlyhalf of this amount is used domestically
therest is exportedDomesticcoal use has been shrinkingee 2000, and the trend will persist

for decades to come. In order to britige growing coal production in line with he DOE®S
expectations (Fig3.15) Russia would neetb win new foreign coal markets.In the stated
policies and announced pledges scenario, IEA projects Russian coal production nearly stable
until 2050 and coal exports growing to about reach the 2019 level. So gaining new and losing
currentmarket niches is about balanced. But in the IEA SB&global export ithe for Russian

coal is halved by 2050 along with a reduction in domestic coal use leading to afbolat 3
decline in coal production.

Figure 3.15 Projections of Russian* coal production and exports to 2050
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According to the RF Customs Service, in 2021 Russia exportédMRiins of coal worth
$US17.6 billion (+41.7% to 2020) and imported 22 Mtons (worth $US 0.4 billion). Coke and
coal char exports in 2021 were 3.3 Mtons worth $US 1.1 billionf(2d2growth from the 2020

l evel ). I n al |, 2 0 2 1 posuers 192 Mtsns woeth $US 182 billioa.n d
In 2020, over a third of Russian coal exports went to Eufopee than 20% to the EU) and
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about 23%to Japan and South Korea (Fi8.16). Atogether,nearly 60% ofRu s s ¢oal 6 s
expors were ¢ the OECD countes, which have strongw carbon reductioeommitments and
thereforenot much potential to accommodate mafethe Russian coalln 20192021, EU
imported 4760 Mtons of coal and coke from Rus&fa.

Figure 3.16 Russiabds coal exports by destinat.i

other

9 .
Morocco € 4‘ _China
4% \ | 17%

Ukraine _
5% B

ather OECD
Europe  —

8% _ South Korea

12%

Poland _ — Asia and
4% [e.LELIE]
54%

Netherlands '/

5%

Germany _/

T%

|

other Asia
10%

Turkey |
T%

Source:US EIA. Country Analysis Executive Summary: Rus<821.

Coal is not affected by the announced sanctions so far, bU6eproposal tophase out the
dependencies on Russian fossil fuels by 2027 covers coal adnw2@21, EU imported over

55 Mt of Russian coal and coke, whialasabout 30% of Russian net coal exports and over 50%
of the EU net coal imports. Back in 2019, the latter wesponsible for 44% of total EU coal
use. So Russia supplied nearly a quarter of the coal used in thedabdctions are expanded to
cover Russian coal exports, a large market niche in the global coal trade may be lost in the
mediumterm. There is a potential tdfsetsome of the loss by redirecting coal flows eastbound,
but logistical bottleneckésubstantially exacerbated by the overcrowded transport infrastructure
where coal competes with other goods finding their way to the As@kets)set limits anda

lot of time and investmenwill be needed to untap these optioii$is pushes Russian coal
exports closer to the pathways described in the IEA SDS or NZE scenaria3.1bigand away

from those outlined in the stated policaasd announced pledges scenarios. Some decline in coal
exports from Russia will be more than outweighed with high coal prices which were ranging
between 150 and 420 $US/t in July 26darch 2022 versus 5020 $US/t in 201602058

The conclusions for coal@aas follows:

1 Moderate progress towards global decarbonization and lack of sanctions on coal may kee
Russian coal production and exports close to the current levels with a very low chance tc
grow;

1 A substantial progress in global decarbonization and gekation to cease coal imports from
Russia by 2027 will halve Russian coal exports by 2035 and further reduce them beyond tha
point with a subsequent decline in coal production, as domestic coal use in Russia will be
down as well.

7 European Union Imports of estimate of low valued import transactions from RU2822 Data 2023 Forecast
20002020 Historical (tradingeecmmics.com)
58 Coal- 2022 Data 20082021 Historical 2023 ForecastPrice- Quote- Chart (tradingeconomics.com)
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3.1.4 Basic materials and low carbon goods

Export of basic materialsr@cious stones, precious metals agl@évantproductsprovided 30%

of Russian exports of goods, or $US 146 billion in 2021 (Fig. 3.17). Wébiqus stoneand
metalsexcluded, the exports come down to $US 114duijlor 23% of total export. The key
items listed in Table 3.1 generated $US 63 billion in 2021, or 13% of total export. A substantial
dependence on the exports of basic materials makes it essential to understand, how the glok
markets and also regionalankets that are important for Russia may evolve in the near and
distant future.

Figure 3.17 Russiads exports of key basic mat
metals in 2021
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Source RF Customs Servicéustomsyov.ru)

Serviceaccumulated stoeknaterial flowenvironment impactghain models are increasingly
being used t@roject basianaterialsdemand® Services(such ashousing, mobility, healthcare,
leisure) and economic activgsrequire infrastructure, buildings, equipment, and durables, which
are essentially accumulated as physical capfihe stock of materialss embodied in this
capital. This iause stock is annually replenishedth new objects in which materials are
embodied (materials for stock formation), and decreases by the amount of materials embodied i
objects whose service liie expired Some of the materials that have served their first term are
recycled and reused, andnse ardandfilled. The concept of social metabolism and the analysis
of material and energy flows (material flow analysMFA, material and energy flow analysis
MEFA, Material Inputs, Stocks and Outputs, MKatdel) allovs it to seehow demand for
basc materials evolves as @womy developsThe relationship between the dynamics of the
accumulated stock of material and its annual consumptianyithing buttrivial. It depends on

the stage of economic development and ¢ergainturning points. In thdirst stage, both the
stock of material andhe current materials per capita consumption are growing dynamically,
while in the fifth stage, bottheseindicators are declining. The transition from one stage to
another depends on the achieved level of econaevelopmentTherefore, it is erroneous to
mechanically extrapolatde past trends.

8 Bashmakou.A. GHG emissionsrom global ironandsteel past presentand fiture// Iron and Steel. Scientific
technica) andeconomicbulletin. 2021 Vol. 77. No. 8. Pp.882-901; Bleischwitz, R., V. Nechifor, M. Winning, B.
Huang, and Y. Geng, 2018: Extrapolation or saturatioRevisiting growth patterns, development stages and
decoupling.Glob. Environ. Chang.48, 86 96, https://doi.org/10.1016/J.GLOENVCHA.2017.11.0(8a0, Z., L.
Shen, A. N . LBvi k, D. B . Ml I er, and G. Liu, -D&l17:
Stock Perspectivéznviron. Sci. Technqgl51(19), 1146811475, doi:10.1024cs.est.7b03077.
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Table3l Key i tems of Russiads basic
Products Volume | USD 1000 | USD/volume
NATURAL CALCIUM PHOSPHATES, 2 039 287 300 141
NATURAL ALUMINIUM CALCIUM
PHOSPHATES,  AND NATURAL AND
PHOSPHATIC CHALK
IRON ORES AND CONCENTRATES 25296 3796 000 150
INCLUDING ROASTED IRON PYRITES
Ores and minerals 4 083 300
ANHYDROUS AMMONIA 4418 1668 300 378
METHANOL (METHYL ALCOHOL) 1894 633 200 334
MINERAL OR CHEMICAL FERTILIZERS 14 458| 4 468 600 309
CONTAINING NITROGEN
MINERAL OR CHEMICAL FERTILIZERS 11904 3321100 279
CONTAINING POTASSIUM
MINERAL OR CHEMICAL FERTILIZERS | 11201| 4708600 420
CONTAINING TWO OR THREEFERTILIZING
ELEMENTS
SYNTHETIC RUBBER 1094 1 897 000 1734
Chemical products 16 696 800
WOOD IN THE ROUGH 13 888 1 025 200 74
WOOD SAWN OR CHIPPED LENGTHWISE 17 310 6143700 355
PLYWOOD, VENEERED PANELS AND 3043 1 937 900 637
SIMILAR LAMINATED WOOD
PULP OF WOOD 2042| 1312300 643
NEWSPRINT IN ROLLS OR SHEETS 922 405 400 440
Wood, pulp and pape 10 824 500
PIG IRON AND SPIEGELEISEN IN PIGS 3933 1992 800 507
BLOCKS OR OTHER PRIMARY FORMS
FERRGALLOYS 896| 1476200 1648
SEMI-FINISHED PRODUCTS OF IRON OR 14 979| 9176 400 613
NON-ALLOY STEEL
FLAT-ROLLED PRODUCTS OF IRON OH 8 502 7 358 000 865
NON-ALLOY STEEL
REFINED COPPER AND COPPER ALLOYS 463| 3848200 8 311
NICKLE, UNWROUGHT 45 795 800 17 529
ALUMINIUM, UNWROUGHT 3481 7 077 800 2033
Metals 31 725 200
Total basic materials 63 329 800
Total 493 344
300

SourceThe RF Customs Serviceystomsjov.ru)

ma t ¢

Steel. Empirical data show that when GDP per capita reachek2l1thousand dollars, steel
consumption per capita saturates at-300 kg/capita; however, the accumulated stock of
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ferrous metals continues to grow. It reaches the saturation level when GDP peliscapithe

range of $US 120 thousand. The stock per capita reaches the saturation level 30 or 40 years
after the peak in per capita consumption. In the developed countries, the accumulated stock ¢
ferrous metals per capita is-16 t/person, while inud-Saharan Africa it is only 0.5 t/person.

The global indicator is not expected to reach a saturation level of about 10 t/person before 210C
This means that the world is on a trajectory close to thdrauelledby the UK after 1800, but

with an almost Q0 years shift. Since the early 1980s, the accumulated stock of ferrous metals in
the UK has saturated in absolute terms, and the gross additions in the accumulated stock ha
become equal to its physical retirement. On a per capita basis, it firstzetdlaihd then dropped

to a level slightly above 10 t/person. The UK has entered a decoupling stage: the economi
growth continues, but no longer requires an increase in the consumption of ferroug%metals.

With a mechanical transfer of the UK trajectorynsiion to the stage of decoupling and stock
saturation for the world may be expected at a level of about 100 Gt of steel with a complete
decoupling of economic growth and steel consumption around 2075. With a 2% annual stock
replacement rate (by analogytivthe UK in 2017), the annual consumption of ferrous metals
may stabilize at around22 Gt, and production at around 23% Gt. However, the deployment

of materialsaving technologies and the accelerated replacement of steel with other materials cat
reshape this trajectory and reduce both the level of saturation (by 2050%38t@&{ and the time
required to achieve it. With the growth of the accumulated stock of ferrous metals, the volume of
amortization scrap will increase (up to 950 million tonsyssar by 2050) and the share of steel
produced from scrap may reach-48%. By 20752100, the volume of scrap will grow up to

2 Gt and the demand for primary metal will markedly shrink.

This logic fits very wellwith the recent longerm steel demangbrojections Until 2050, steel
production willbe growing justslightly faster than the population. According to the logic of the
historically observedycles, in the next 30 years, a downward phase of steel consumption per
unit of GDP shouldnanifest that is,the increase in the stock of steel atdelconsumption
should lag behind the GDP growth. According to the EA st at scenarip cteel c y
production will grow up from 1.9 Gt in 2019 to 2.5 Gt in 2050, or by 33%, and final
consumptionwill increasefrom 1.5 to 2.1 Gt, or by 40%vhich is noticeably slower thathe

global GDP, whichs expected to grow.5fold by 2050.It is assumed thabDP elasticity of
steeldemand willbe as low a$.36, andf steel production 0.33ersusalmost 1 in 1902020.

This is a reflection of both the downward phase in the long cycle of the dynamics of specific
steelconsumptionper GDP, andf the transition to the stage efeelstock saturation irthe
increasing number of countriess their level of economic developmegnbws.

In its 2021 publicatiorNet Zero by 2050. A Roadmap for the Global Energy SettterlEA
reduces the 2050 forecasted steel demand for 2050 to 1987 Mt through measures to reduc
material intensity! In the deeloped countries, production will stabilize at the 2030 level until
2050, while in developing countries it will continue to grow, yet very slowly. As a result, in this
projection global steel production in 262050 is only 50 Mt up. InEnergy technology
perspectives 202F, IEA shows that by reducing the material intensity steel demand may decline
by 0.8 Gt, or by 29%, by 2070. In its 2019 publicatidaterial efficiency in clean energy
transitions IEA also shows that by 2050 steel consumption (excludiastevfrom steel mills)

even in the baseline scenarieference Technology Scenaii® only 2,170 Mt, or by 21%, up

from 2019 (1790 Mt) via measures to reduce material intensity. In the other two scenarios
(Clean Technologynd Material Efficiency, steelconsumption drops to 1,600 and 1,400 Mt,
respectively.

0 Streeck, J., D. Wiedenhofer, F. Krausmann, H., Helmut (2020): $imakrelations in the soci@conomic
metabolism of the United Kingdom 18@017. Resources, Conservation & Recycling.
https://doi.org/10.1016/j.resconrec.2020.104960

"1IEA. 2021. Net Zero by 2050. A Roadmap for the Global Energy Sector.

2|EA. Energy technology perspectives. 2020.
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Gielen et al. (20203 give the following estimates for 2050: crude steel production 2,400 Mt,
finished steel 2,200 Mt, and steel products 2,064 Mt. Wang'®etahsidered 5 scenarios, of
which only 3differ in steel production volumes: inertial scenario S1 with a demand trend close
to the | EA STEPS scenario; scenari o S3 with
fisustainable developmeént s cenar i o; and scenar i ots of an, w
addi ti onal 34% reduction I Msdemandalcloenp d e
scenario. This paper provides cumulative data for steel production. Based on these data, annu
data were obtained. In terms of steel production, by 2050 threargz®reach the levels of 2526

Mt, 2032 Mt and 500 Mt, respectively. The lastimatds the lowest of all.

Figure 3.18 Long-term forecasts of global steel production
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Source Bashmakovl.A. GHG emissionsfrom global ironand steel past present and future// Iron and Steel.
Scientific, technica) andeconomicbulletin. 2021.Vol. 77. No. 8. Pp. 882-901. DOI: 10.32339/013%910-2021-8-
882-901.

OECD’® indicates that by 2060 steel production may increase 036 from the 2017 level to
reach 2,344 2,878 Mt. In the BC® forecast, steel production grows up to 2.8 Gt by 2050. At
the same time, the amount of scrap metal grows td.6.45t. Thus, the prction of secondary

3 Gielen D., D. Saygin, E. Taibi-B. Birat. Renewablelsased decarbonizaticand relocation of iron and steel
making. A case studydarch 2020Journal of Industrial Ecolog®4(5). DOI10.1111/jiec.12997

" Wang P., M. Ryberg, Y. Yang, K. Feng, S. Kara, M. Hauschild ar@.\Zhen. Efficiency stagnation in global
steel production urges joint supphand demandgide mitigation efforts.Nature Communications. (2021).
https://doi.org/10.1038/s4146¥21-222456 www.nature.com/naturecommunications

S OECD, 2019: Global Material Resources Outlook to 2060. DEX10 pp.

76 HaslehnerR., Stelter B., and N. Osio. Steel as a Model for a Sustainable Metal Industry in 2050. Boston
Consulting Group. October 07, 20X5eel as a Model for a Sustainable Metal Industry in 2050 (bcg.com)
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metal by or before the middle of the century can be equal to the production of primary metal or
even exceed it. According to this forecast, pig iron and coking coal demand may stay at the 201!
level or increase by 650 and 350 Mt, redpely, by 2050. Based on the analysis of various
publications, Holapf considers three scenarios, and in the highest steel production reaches
almost 3 Gt by 2050. Xilia et &}.expect steel production up to 2100. According to this forecast,
production wil peak at 2.8 Gt by 2070, and then will slowly decline by 2100, as the share of
secondary metal increases markedly due to the availability of scrap (around 2 Gt) beyond 2075.

If we focus on the middle zone of the forecasts, we will see that there wiilHse a stagnation

in demand for steel (4% growth by 2040 and getting back to 2019 level by 2060), or moderate
growth by about 25%. If Russian ferrous metals suppliers succeed in maintaining their 2021
global market share, export volumes may evolve insdmae way. About 25% of the Russian

iron and steel exports go to the EU market. Steel consumption and production in the EU will be
slowly growing or stay at the 2019 level until 2050, thus keeping the niche for exporters at about
the current level with opins for both a slight increase and a slight decrease. If CBAM helps
increase the supply of European steel to the EU markets, the effect will be partially offset by the
loss of foreign markets due to the fact that after CBAM is introduced, the EU steleégame

more costly to produce bringing the exports ddwn.

The EU sanction package banned the imports of some ferrous products from Russia. Accordin
to some estimaté§,it may apply to 40% of Russian steel exports to the E@ KBt in 2018

2021) with poential losses of $US 3.4 billion (40% of $US 8.6 billion earned in 2021). Total
steel exports in 2021 were nearly 8. Therefore, the Russian exports may be expectkxséo

some 9%. It is less than 1% of globally traded steel and steel productdg384at in 2016
2020)8' When the logistical problems are ultimately resolved, this loss may be partly
compensated by redirecting Russian steel to other destinations with disooeint. Such
discounts are possible, since export prices for plate rolled steel were over 1,400 $US/t in Marct
2022 (average 2021 price for Russktrel exports was 865 $USM)ith a correction on the
effects of partial embargo on Russian steel thereot much room to expand iron and steel
exports above the 2021 level. The same goes for the exports of iron ores and concentrates whic
were 25.2 Mt in 2021 and yielded $US 3.8 billion in export revenues.

Aluminium . According to the IAl baseline forecasheglobal production of primary aluminum

will grow to 86.4Mt, andof secondaryaluminumup to 88Mt by 2050 (Fig 3.19). In other

words, production of secondary aluminuwill account for more thaa half of totalaluminum
productionby 2050 In thelAl high consumptiorscenari¢ production grows 2:6old to 167.4

Mt by 2050. This is the highest forecast. Secondary aluminum production in this scenario grows
to 116 Mt. In the 1.5°C scenario, primary aluminum production grows only to M8 and
secondary aluminum production to W8t. The accumulated aluminum stock embodied in
physica capital grows to 2.8In t by 2050, and in higkcenarioup to 3.7 In t, whichlaysthe

basis forsecondary aluminurproduction growth

Russi® s  2l0mdir@m expors were 3.6 Mt ($US 7.6 billion) and 202&xports were3.5 Mt
($US 7.1 billion) or about 5% of global supply. In 20292Q nearly 1Mt, or about 25% of

" Holapp L. A General Vision for Reduction of Energy Consumption and CO2ditms from the Steel Industry
Metals 2020, 10, 1117; doi:10.3390/met10091117.

78 Xylia M., S. Silveira, J. Duerinck and F. Meinkéubeny. 2016. Worldwide resource efficient steel production. In
SUSTAINABLE PRODUCTION DESIGN AND SUPPLY CHAIN INITIATIVES.NDUSTRIAL EFFICIENCY
2016.Worldwide resoure efficient steel production (eceee.org)

7 CENE£XXI (2021). CBAM. Implications for the Russian Economy. Mosc@enter for Energy Efficiency. (In
Russian).]; Bashmakov ILA. CBAM and Russian export. Vopr&pnomiki 2022;(1):96109. (n Russ)
https//doi.org/10.32609/004873620221-90-109

80 Russiarsteelmakersersuswvesternsanctiong Post mortem Finam(finam.ru)

81 World Steel Association, 2021: World Steel in Figures 2021 32 pp.
https://lwww.worldsteel.org/en/dam/jcr:976723éb347b492f6-
81b6a452b86e/World%2520Steel%2520in%2520Figures%25202021.pdf.
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producedaluminum was exported to EU. In 202it wasreported to reach 114t.8? If these data
arecorrect EU is responsible fod6% of Ru s s i a 0 grimasyvakimirguin lexporten 2021,
being thedominantmarketone forthe Russian aluminum.

Figure 3.19 Global aluminum production perspectives to 2050
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(b) secondary aluminum

Sources InternationalAluminium Institute, 2021 Aluminium Sector Greenhouse Gas Pathways to 2080don,
UK, 20 pp.; International Aluminum Institute, 2021: International aluomn institute statistics.
https://alucycle.internationaluminium.org/publieaccess/ (AccesseBecember 21, 2020).

The European Aluminum Association in Wssion 2050considered three possible scenarios for
the development of the aluminium market in Europe. Ime&easing production cas&5% of

the demand will be met by imports. In tResitive case scenarid is assumed that the indirect
costs of rising electricity prices under the ETS will be fully compensated by 2030, and primary
aluminium production in Eur@may increase by 30%, which will limit the imports.

82Rolling stopi i Ko mme r s a 31(7244) 15March, 202Zkommersant.ru)
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Figure 3.20 Projections of aluminum production and imports in EU and EAST
to 2050
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Australia banned all alumina and bauxite e
alumina consumption). In addition, production by Nikolaev Alumina Refinery (1.8 Mt of
alumina per year, or another 20% of 21UUC Ru

Rusal produced 3.8 Mt of aluminum and 8.3 Mt of alumina. It takes 4 t of alumina to produce 1t
of aluminum. So, the 3.3 alumina shortage brings aluminium production down by 22%, unless
the supply shortage is compensated by export from China ar aibatries when the logistics

are in place.

According to the above estimates, until 2050 aluminium consumption will continue to grow,
both globally and in the EU. However, additional demand will be partly met by an increase in
secondary aluminium produoti. EU imports in 2060 may stay in the range between 2 and 6 Mt,
especially if power prices in the EU stay high for a long tiAfeer the sanctiondased decline

in 2022 and subsequent years (depending on how long the sanctions are iRyda@)nay re
establish and even expand its aluminium exports by 2050.

Other metals. In 20182021, Russian exports of copper were down from 0.7 to 0.46 Mt, or from
$US 4.1 to 3.9 billion. According to IEA, global copper demand may more than double in 2020
20608 In 2018-2021, Russian exports of nickel was down from 134 to 46 thousand tons, or
from $US 1.8 to 0.8 billion. According to OECD, global nickel demand may triple and reach 2
Mt by 2060%* The global decarbonisation process expands markets for both Russianasapper
nickel exports.

Wood, wood products, pulp and paper This group of Russian exports yielded $US 17 billion

in revenues in 2021, including about $US 3 billion from pulp and paper. In2@1A global
timber production lagged behind GDP showing annualgr of less than 1% and reached 2,184
million m3. This growth pattern (lagging behind GDP) is expected to persist in all FAO scenarios
with projected 1685% growth in global timber demand in 2620508° The leading producers

of roundwood are the USA (19%Russia (10%), China (9%), Canada and Brazil (7% &4ch).

By 2030, global pulp production is expected to slowly decline, while paper production will be
declining much fastedriven by a deeper penetration bfternet. This may be partially
compensated byneé growing demand for paperboard for packaging uses, as plastics packaging
will be scaling dowrf’ According to another projection, global pulp, paper, and paperboard

831EA, 2020: Energy Technology Perspective 2020.

84 OECD, 2019: Global Material Resources Outlook to 2060. OECD, 210 pp.

85 ForestryFood and Agriculture Organization of the United Natidrtp://www.fao.org/3/X8423E/X8423E14.htm

8 |RP, 2020: Global Material Flows Databadettps://www.resourcepanel.org/globabteriatflows-database
(Accessed December 20, 2020).

87 Craig M.T. Johnston (2016), Global paper market forecasts to 2030 under future internet demand scenarios
Journal of Forest Economicgol. 25: No. 1, pp 148. http://dx.doi.org/10.1016/].jfe.2016.07.003
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production will increase from 423 to 498 Mt in 262050% As a result, these articles of
Russian traditional exports are not expected to significantly expand.

Chemicals.In 2021, Russiaexported $US8 billion worth of chemicals. Much of that42 Mt

and $US14 billion 7 are ammonia and fertilizers. 9 Mt of these were exported tonE2D19.
Consumption of nitrogen, phosphate and psitamfertilizersin EU is projected toemain close

to the current levein 2050%° The general consensus is that global agricaltoroductionwill

have toincrease by about 600% from the current levels to metite growing food demandy
2050 This would drive the global demand for fertilizers up. Bbosphatéertilizers, global
demand is expected to be 43% up in 2ARB0°* For nitrogen fertilizers, the demand in medium
scenarios may grow by a thi*8i The maket for ammonia used as fuels and feedstock may
expand rapidly from 172 to 440 Mt 20172050 in BAU scenariodn their 1.5°C scenario
Saygin and Giele(R02]) expectammonia productiofrom fossil feedstock to draje 106 Mt by

2050. But the demarfdr green ammonia may expand to 330 Mt and for ammonia from biomass
to 162 Mt by 20502 Russian ammonia exports may expand in the medium term, but then they
will only be possible if green or biomabased ammonia production is launched at scales.

Russiais responsible for 5% othe global methanol production (4.5 Mof which half was
exported, including 1.9 Mt to EU This global marke{presently 86 Mt) is showing a fast
growth, whichis expected to continue 2050 in BAU scenarios (174 Mip provide fedstock

for fuels, ethylenerfiethanofto-olefing), solventsand other products. However, in low carbon
scenarios fossil fuelbased methanol production is down to 50 Mt by 2050, while green
hydrogerbased methanol production skyrockets to 294Minless EU expands sanctions on
methanol imports from Russia, fossil fublased methanol exports may somewhat grow, yet a
substantial market expansion is only possible fordaised and green methanol.

Plastics are another promising market to expand threoit&gas Russian exports. Plastics
exports from Russia reached 2.4 Mt in 202@cording tothe available projectionsglobal
plastics productions expected tanore than doubleising from about400 Mt in 2019 to 985
1034Mt in 2050% Even in BAU scenaos, 106 Mt are expected to be produced from recycled
plastics and 61t from bio-plasticsby 2050.In low-carbon scenarioglastics productioshows

a more modest growth to 450659 Mt. Projectedgrowth is 28-40% in 20192050 with a
production peakn 2050 andsubsequent 10%ledine from that peakby 2060° In 1.5°C
scenariq fuel-based plastics production will be down to 276 Mt by 2050, while hydrbgead
production will reach 154 Mt, and blmased production 18 Mt. The accumulatedgsticsstock

88 Dietz S., W. Irwin, B. Rauis, V. Jahn, J. Noels, V. Komar and R. Goo. Carbon Performance Assessment of Pape
Producers: Ne on Methodology Transition Pathway Initiative.  February  202%8.pdf
(transitionpathwayinitiative.org)

8 CENEfXXI. 2021. CBAM: Implications for the Russiancenomy. Moscow: Center for Energy Efficiency
CENEFRXXI.

90 https://www.canr.msu.edu/news/feedithg-world-in-2050andbeyondpart1

91 Nedelciu C.E., K.V. Ragnarsdottir, P. Schlyter, |. Stjernquis. 2020. Global phosphorus supply chain dynamics:
Assessing regional impact to 2050. Global Food Securi{@80).https://doi.org/10.1016/j.9fs.2020.100426
2Mogol |l -n J. M. &eés Letl. 1328008 Environ.

% Saygin, D., and D. Gielen, 2021: Zezmission pathway for the global chemical and petesnical sector.
Energies 14(13), 3772, doi:10.3390/en14133772.

% 1bid.

% |bid.

% plastics future: How to reduce the increasing environmental footprint of plastic packaging. Article, January 2021;
https://www.climateforesight.eu/globpblicy/the-future-of-plasticsis-uncertain/ The Future of Petrochemicals,

IEA, Technological report, 2018; Estimation of carbon dioxide reduction by utilization biomassshopia
Malaysia using carbon emission pinch analysis (CEPA), Research Paper, 2020; MDBEmigsions Pathway for

the Global Chemical and Petrochemical Sector, Deger  Saygin  and Dolf  Gielen;
https://www.iea.org/t _c/termsandconditions/
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has reached 2.8.2 Gt°’ therefore, the recycling potential is substantidirgin plastics
production by all routes will be 30\Mt, which is below the current level, while recycled plastics
production will reach 279 M In other words, the market for tfiional unabated fossbased
plastics wil!/l be declining, as | o wSustanabeo n
Development Scenarias soon as in 2050 half of fossil fumsed chemical production facilities

will be equipped with CCUS syste® Summing up, there is a potential for traditional
chemicals export growth by 2030. Later, as the global economy turns towards low carbon
pathways, markets for unabated fossil flobased chemicals will be shrinking, while those for
low carbon chemicals M/be markedly expanding.

Hydrogen. The Concept of hydrogen energgevelopmentn the Russian Federatiowas
approved byhe RFGovernmenDecreeNo. 2162r of August 5, 2021lts key parameters aras
follows:

1 theuseof low or no carborydrogen tasupport transition to low carbon economy;

1 diverse sources fdrydrogenproduction including fossil fuelsvith CCS;steam reforming of
natural gas; pyrolysis of hydrocarbon raw materials (hydrogen production technology with
simultaneous production of elental carbon); nuclear power andte electrolysis;

reducing the costof hydrogen production to less than 2 USD/kg;

until 2035, priority for the production of hydrogen from fosdilels nuclear,hydro and
renewables in regions with low hydrogen productiacoss,

1 attaininghydrogen export volumesf up to 0.2 million tons in 2024,-22 million tons in
2035 and 1550 million tons in 2053%

It is not clear, whether such exports targets are supported by sysdenestimates. To conduct
such preliminary angsis, pilot calculations based on the integration of hydrogen into the
CENEfX XI 6 s E N ER&BEW2®30Lmodel have been made relying on the following
assumptions:

1 Hydrogen exports will reach 15 Mt by 2050, and domestically, hydrogen will be used only
for DRI production and by oil refineries, which in total will result in hydrogen production of
15,9 Mt in 2050;

T Four types of hydrogen wil!/| be produced:
of met hane) ; Aturquoised (m@myrsgl,ysand offyeh
nuclear power;

1 based on the literature sources, the initial and perspective technology parameters (specifi
energy consumption), CAPEXs and LCOHs for the above types of hydrogen were specified,;

It is assumed that different typeshofdrogen will be competing based on LCOHs;

It i s further assumed that the share of I
CCS will grow up to 43% in 2035 and to 100% in 2050, and the efficiency efc@@ure
and storage will be 95%.

Calculations were made for two options of the hydrogen production structure. With a limited
availability of carborfree power, substantial electrification of hydrogen production will lead to a

% Geyer, R., J. R. Jambeck, and K. L. Law, 2017: Production, use, and fate of all plastics ev&cmadi, 3(7),
doi:10.1126/sciadv.1700783aygin, D., and D. Gielen, 2021: Zezmission pathway for the glabchemical and
petrochemical sectoEnergies 14(13), 3772, doi:10.3390/en14133772.

% Saygin, D., and D. Gielen, 2021: Zesmission pathway for the global chemical and petrochemical sector.
Energies 14(13), 3772, doi:10.3390/en14133772.

9 |EA, 2020a:Energy Technology Perspective 2020. Paris, 397 pp.

100 1n Operation plan for the implementation of the Low Carbon Development Strategy of the Russian Federation
Russia sets the goal to contribute 20% to the global hydrogen trade by 2030.
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significant increase in GHG emissions. If generation of caflmmpower is limited, more gas

(55 bcm by 2050) will be required to fuel additional power production to meet the growing
electricity demand, including that from installations that will not be equipped with CCS by 2050.
The additional electricity demandingth igr een o and fy e lbiliamWWshbp pt i
2050, and additional heat demand will be 26 million Gcal. Additional electric capacity demand
will exceed 75 GW (47% of the 2021 peak load), including 45 GW for renewable energy. Such
manoeuvre makesense only if large resources of cheap caiffbe®m power generation are

available in addition to those already mobi
hydrogen is produced, the power demand will scale up to 608 billion kwh by 20560 88d
billion kWh by 2060. The | atter value 1 s o

These effects multiply severdmes over when trying to reach the upper levels of hydrogen
exports required by théoncept of hydrogen energy developtrierithe Russian Federatidnl12
Mt in 2035 and 50 Mt in 2050.

With 3-4 $US/kg hydrogen price, the exports of 15 Mt of hydrogen will yield $U8Mbillion

in revenues by 2060, or as much as natural gas in 2021 ($US 55 billion), which is 5% of total
expot revenues in 2050. According to CENEXI, the amount of CQ captured in the
production of hydrogen from natural gas will reach 104'¥1with the costs of $480/tCQ,

annual costs of CCS will be $US64billion. Therefore, the hydrogen market ipm@mising
option, but only for low or zero carbon hydrogen. Preliminary analysis shows, that scaling up
hydrogen exports to 9dt may be quite challenging, as it would require a huge additional low
carbon power capacity the additional networks development.

Other low carbon exports. Low carbon technologiewill form new, trillions of dollarsworth
markes by mid-century.Annual 2050 market for green buildings will $&/S 10-17 trillion, for

low GHG cars it will be$US 4-8 trillion, for hydrogen$US 2.5 trillion, for renewables and
energy efficiencypUS 1 trillion each!®® This can be compared with $US 6.2 trillion 2019 global
market for petroleum product§he technolog race for dominance in thesenergingmarkets is
already at full swing. For Russiaintegraton into global technologicakupply chains is a
potential new powerful drivefor economic growth. Russia has experience in applying
practically all of the low-carbon technologies, butt very modestscale.!® It is one of the
leadng nationdn the nucleaenergy the use of district heatingnd the usef off-road transport

in the structure of cargo transportation. However, the additional export potential of these groups
of technologies is limited, and other markets need to be explDigdalization in all sectors
requires a large number of IT experts. After Februaf¥; Bdousands of Russian IT experts left

t he country. Many supply <chains wer e br ok
effectively bridge the already large gap widthnology leaders and significantly scales down
and delays its ability to penetrate these new markets. Machinery exports in 2021 yielded only
6.5% of the total export revenues.Only part of it was ‘égin export. This higitech export was

30-40 times belw that of China and 225 times below that of the Et9*

Summi ng up, one can efuelnegpbris dam bet ekpadied B gosdewnadnd s
2022 and in several subsequent years. After (if) some of the sanctions are lifted, new markets a
found fortraditional exports, and logistics is developed to supply these new markets, some of the
lost exportanay bepartly or fully regained with time. In the longer term, traditional markets for
highly carbon intense basic materials will be steadily shrinkihglnless Russia manages to

101 Bashmakov I.A. Edor. Russiaonthe carbonneutralitypathway.2021. CENEfXXI.

102 Bashmakov I.A., Bashmakov V.1., Borisov K.B., Dzedzichek M.G., Lunin A.A., Lebedev O.V., Drummond P.,
Carvalho P. (2020). Monitoring of low carbon technologies deployment in Ri&si#ogicheskiy Vestnik Rossii,

No. 4, pp. 611. (In Russiai.

103 |pid.,

104 Hj-tec productstrade sawa substantiagrowth in the secondhalf of 2020, which wasto the benefitof the new
Asianexportergwipo.int).

R us s i a osthd 2059 tneespan the EU marketfrom CBAM introduction weresstimated to be in excess

of 2 Mt for steel products and. lodlieatoes fort tlee Russiavtonofyo r f
https://cenexi.ru/articles/issledovanieenefxxi-%22cbamposledstviyadlya-rossijskojekonomiki%22
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decarbonize its industrial production, these markets may be blocked for it. As-ted¢tigexport
expansion, Russia starts from a very low base, and after Febr(faityl@t a lot of innovators
who could drive it up.

3.3 Economic growth
3.1.5 Demographic projections

The population and labour force projections are based on the medium option from the family of
demographic projections developed by the UN (Fig@®l). Those are prpandemic
projections, which need to be revised downwardhbgrly a million to account for excessive
COVID deaths (202March 2022). The medium projection trajectory practically coincides with
the constant fertility scenario. The population is estimated at 141 million people in 2036 versus
the 2020 medium projdon by Rosstat of 143 million peopt& Population aged between 25

and 65 was determined based on the UN dependence ratio forecast. For this characteristic, tf
medium option was also chosdtosstateports working age populatigrowth (working age is
currently between 3 and the level expected to eventually shift6te by 2028) from 82 to 88
million people with subsequent stabilization in 288136. This projection bjRosstatwas not

used, because participation rate at 60+ is relatively low, and thasen of working age will

not add much to fultime employment, as even before the pension reform many people worked
after they hit the retirement age.

Figure 3.21 UN demographic projections for Russia
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106 progn3a.xls (live.com)
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The UN population projections show that:
T Russiads population wil!/ be decthereafierng sl o0\

1 The undulating dynamics of the workiage population will lead to its noticeable reduction
until 2030 in all scenarios, with a subsequent stabilization until 2045, followed by another
wave of decline. Beyond 2060, the number will vary inrdrege between 60 and 70 million
people.

Such dynamics of demographic indicators makes it much more difficult to sustain the economic
growth, especially in 2022030 and 2042060. When the rates of working age population
decline by 1% or more per year, av&% per year improvement in labour productivity results in
just 1% GDP growth. Therefore, demographic situation in the 2030s and 2050s will severely
restrict potential growth rates.

3.1.6 Economic projections made before February 24 th

Recent scenarios (develapbefore February 242 022) di f fer mar kedl y

of the Russian economic growth (Fg822). Estimates of GDP growth rates are down compared

to a similar analysis conducted in 2094 The uncertainty zone is split into three segments:
Asl ow §AAGRhop to 1% until T28GRI:2.5% im20d120Bat e
and 2% in 203312 0 5 0 ; i dy naimdAGR tg excesed thebupper boundary of the
Amoder at e gr owXXlcstimaed §AGR to ®&E eBVY or slightly above 2% in
2030 with some acceleration in the 2030s and a gradual decline in the 2040s. The mos
pessimistic estimates of AAGRclose to or below 1% are provided by the IEA, US DOE and

BP. These projections acauifor the negative demographic trend as discussed above.

The most optimistic GDP growth projections have been developed by the Institute of Economic
Forecasting of the Russian Academy of Sciences (IEF). In their latest publication they estimate
GDP AAGR n 20212 050 att 1.9% for the O6inertial S
Omodest decarbonization ambitiond scenari o0s
at 1.8% for the mo'tSo theaogegall mgicsid as dobowss tmjationa r i ¢
associated with some modernization accelerates growth, but higher ambition on the global scal
slows it down as energy exports decline. Given the current demographic situation in Russia
slow labour productivity growth and multifactor productivitgprovements, the assumption of
AAGR acceleration to 3% can hardly be justified. Porfiriev é0%drgue, thaRu s si ads f u
energy sector (ES) has the potential to add up to 1 p.p. to the AAGR until 2035, and the loss of
t his cont r i brdize the possibiiy of dustajnable growth in the medium and long

termo. The | ast 15 years show that FES canr
and the dynamic global energy transition makes FEC totally unable to accelerate the economis
growth in the future. The authors base thei

gr owt héscladregeGHG reducti ons are unfeasi bl e
evidence: the lower the economic growth rate, the more dynamic thee@i#Sion decliné!®

The sensitivity of Russiabdés GDP dynamics t
gradually decreasing. Oil and gas revenues growth gives a limited and temporal impulse for the
economic growth. This growth pattern for Ruseias reflected by the US DOE under the

107 Bashmakov |. Eidor. Costs and benefits of low carbon transformation of economy and society in Russia.
Perspecties to 2050 and beyd. CENEf.M. 2014.

108 porfiriev B.N., Shirov A.A., Kolpakov A.Y., Edinak E.A. Opportunities and risks of the climate policy in Russia.
Voprosy Ekonomiki. 2022;(1):789. (In Russ.https//doi.org/10.32609/004:8736:20221-72-809.

109 porfiriev B., Shirov A., Kolpakov A. Lovcarbondevelopment strategy: perspectives for the Russian economy.
Mirovaya energetika i mezhdunaroa@ny otnosheniya. 2020. Vol. 64, Na. Pp. 1525,
https://doi.org/10.20542/0132227202064-9-15-25.

110 For more detail see Bashmakov |. Low carbon development and economic gNwftgazoaya Vertikal.

No. 19-20. 2021.
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assumption of a significant surge in oil pr
scenario.

Figure 3.22 Russiads GDP projections to 2050
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SourcesBashmakoetal. (2021).Russiaon the carbonneutralitypathway. CENEfXXI ; BP EnergyOutlook 2022

Edition; DOE. 2021; Energy Researchnstitute of the RussianAcademyof Scienceand the Energy Center of
MoscowmanagemenschoolSKOLKOVO. 2019.GlobalandRussiarenergyoutlook 2019.Moscow; International

Energy Outlook 2021with projections to 2050. October 2021; IEA, 2021. World Energy Outlook 2021; Laitner J.,
Lugovoy O., Potashnikov V. Castind Benefits of Deep Decarbonization in Russia. Ekonomniielyadolitika,
2020.No. 2, pp. 86-105. https//doi.org/10.18288/1994612420202-86-105; Porfiriev B., Shirov A., Kolpakov A.

Low carbondevelopment strategy: perspectives for the Russian economy. Mirovaya energetika i mezhdunarodnye
otnosheniya2020.Vol. 64, No. 9. Pp.15-25, https://doi.org/10.20542/0134227202064-9-15-25; Safonov G., V.
Potashnikov, O. Lugovoy, M. Safonov, A. Dorina, A. Bolotov. 2020. The low carbon development options for
Russia. Climatic Changéhttps://doiorg/10.1007/s1058820-027839 Springer Nature B.V. 2020Shirov A.A.
Ustojchivoe razvitie, klimat i ehkonomicheskij rost: strategicheskie vyzovy i resheniya dlya Rossii. Prezentaciya na
semi nare fAStrategiya dol gosr mdlerkd gno urr@avwietm way bRoOSiv
[Shirov A.A. Sustainable development, climate, and economic growth: strategic challenges and solutions for Russia]
https//cenefxxi.ru; Shirov A.2021.Pr es ent at i dfthe ldwTdrmn develepknent policies for the Russian
economy. The Institute of Economic Forecasting of the Russian Academy of Sei@gate.

Opportunities for hydrocarbeled growth are nearly exhausted and undermined by the expected
economic losseBom declining hydrocarbon exports, which will be increasingly progressing, as
the global low carbon transition gains momentum. Relying on the traditional resoiensive
model of t he'ldn enly ersweovery iy GDP growth rates. Therefibris
impractical to assume that GDP growth rates will accelerate in the Inertial orliBAU
scenarios. GDP growth can only accelerate through advancing to thgrdastg global
markets for lowcarbon goods and services that will dominate the globalogoy in the mid

21st century, and by significantly increasing the productivity of all resources (labour, capital,
energy and materials), which is now on average twice lower in Russia, than in the developec
countries. Therefore, in lowarbon scenarios, GD§owth rates cannot be lower than in the
BAU or Reference scenarié¥

111 pollution and resources intensive economy.
112 bid.
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Russi atb6s KEEpkw@depTiF® forethe twhole economy and by subsectors. In recent
publicationst!* the TFP forthe expanded mining sector (EMS, which includes mining,
processing andefining, transportation and trade of fuels and minerals) was also provided. EMS
is responsible for 22.5% of GDP. But in the KLEMS databed aggregate is nahown so the
mining and quarrying sectds shown in Fig 3.23 as a proxy to illustrate theontribution from

TFP to the OGGDP evolution. CalibratedFP parametefor NOG-GDP inC E N E RG0S
DVA-2060 model perfectly fits the quite sophisticated assessments of TFP for the whole GDP
and its oil&gas part provided in the Russian KLEMS project.

The aerage TFP for the NOG sector for 198820 was assessed by CENEXI at 0.7%, and

for the whole GDP it was assessedthg KLEMS project also at 0.7%. For 202020, it was
-0.2% for NOGGDP and, according to KLEMS1.6% in 20072016 for the whole economy
Therefore, after 2007 the economic growth Vidly extensive, especially in the OG sector (or
EMS in KLEMS aggregation)/An anal ysis based on Russi ab
intensity was growing noticeably faster FES than in the other sectord: doubled over the
post2006 decade, mhing capital intensity of the entire economy and thuslowing downthe

GDP growth.

Figure 3.23. Evolution of TFP for the whole economy and subsectors
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TFPin the fuel and egrgy sector decreased markedly after 200671° leading first to a hal,
and then to a declnin the economwide TFP Therefore, with a persisting reliance BESit

was impossible to accelerate GDP growth in the recent decade. One additional evidaece of
low TFP impact on the economic growth is the result from delade market surveys of
industrial managers whoept ranking lack of labour high in the list of growth barriers against

113 Russia KLEMS. National Research University Higher School of Economics. December 2019.
https://www.hse.ru/russidédms/dataklems/VVoskoboynikov 1.B. Recovery experiences of the Russian economy.
Implications to the Indian Economy. State Bank Institute of Leadership, Kolkata, 18 September. 2020. 34 p.
https://www.hse.ru/mirror/pubs/share/40328532Q;pdbskoboynikov I. Accounting for growth in the USSR and
Russia, 19502012. J Econ Surv. 2021;35:8894. DOI: 10.1111/joes.12426.

114 yvoskoboynikov 1.B. Recovery experiences of the Russian economy. Iniptisab the Indian Economy. State
Bank Institute of Leadership, Kolkata, 18 September. 2020. 34 p.
https://www.hse.ru/mirror/pubs/share/403285320.pdfoskoboynikov I.B., Baranov E.F., Boleya K.V,
Kapeliushnikov R.l., Piontkovski D.l., Roskin A.A., Tolokonnikov A.E. Recovery experiences of the Russian
economy: The patterns of the pa$iock growth after 1998 and 2008 and future prospects. Voprosy Ekonomiki
[Issues of Economy]. 2021;(4}3%L. (In Russianhttps://doi.org/10.32609/00427362021-4-5-31.

1151n 19952016 TFP was 37% dowim the mining and quarrying sector, a6@% downin the coke and refinery
sector. EMS contribed 76% tahe TFP decline in 201-2016.
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the background of lowanking labour productivity!® Some experts awmg that lower
productivity oftheRus si an economy is the Opritcheesodf co
bondagéin all dictatorshipcountriest!’ The growth in the TFP observed in 192807 was a
delayed result of the 1990s market reforms. After architecture of those reforms had been
stone by stone dismantled by 2007, TFP went to the negative zone and only a coincidenta
growth in oil prices, which started in 2000, allowed it to maintain some very moderate,
exclusively extensive, and very ctghiintense economic growth.

3.1.7 Economic projections made after February 24 th

Even some of the previous pessimistic expectations for the economic growth in Russia overnigh
became quite optimistic on February 24, 2022, as a result of the sanctions. Three effects of th
sanctions on the Russian economic growth are discussed bedowtHe sanctions on exports;

on imports; and the implications for the incomes associated with the first twaalduations
rely on Rosstatdés 2019 Supply and Use Tabl ¢
as a statistical basis, ande Leontiev Oirsverse matrix ‘O 0  assessefbr 2016 (the latest
available 98x98 matrix)n addition, data from the RF Customs Service on external trade flows
for 20192021 were used. The exports data were split by products and destinations. Three
Ru s s i protrmde goanterparts, which already have imposed sanctions or may do so, were
selected (EkR7, USA and Japan). The export sanctions depth parameters show how much
export to a certain destination is expected to drop as a result of sanctions.

The effects d exportrelated sanctions orthe Russian economy werexplored using input
output tablesYé "0 & z YO, whereYO dis sanctionsrelated exportecline. The
sanctions package is a moving target along time: some sanctions may be added, while othe
may be laxed oeliminated in certain context€hanges irthe expors were calculated based on

the data from th&®F Custors Service which include dimited list of products Then based on

the 2019Supply and Use Tables for goods and seryites were translated into export revenue
reductions.Reductions in the export of services were also estimated. In all, 61 economic
activities were covered. All #t was translated into a 98 dimensions export cuts vector by
splitting some of the activitiggroportionally to their shares in gross outputs subtotals. Fjnally
export cuts werassessed 880 ¢&® 1 2'Q 2’0 ®The vector reflects regional coveragé the
sanctions The depth of export cut to the regions is refle@sd . Forthe services sectofs
export reduction was evaluated as effects of some announced sanctibesiotravel, banking
services etc. The impact on gross value addeG\(A) was estimated a¥ 0w d Y& z

"0 &6, or proportionally tdO & ratios, s&¥'0wd "QU &0 6 2z YO.

The effects of import sanctions were assessed¥@s: Q 200 0z06 z Owd
"Ow 0 , where’Q is the depth ofimport sanctions;O0 0 is the vector of imported
intermediate goodsatios to gross outputThen goss value added loss&om the import

sarctions areY' 0w 0 Y& 2z 00 dd.

The lbss in"Ow Gesulting fromreduce incomes and profitare reflected via depressédal
demand (only private consumption and investments were included in the calculations)
YOowd 06 006 iQ {iQ ,whereiQ is YOodTOw&andiQ is YOwo6 ¥

"@ 6 The btal loss ofGVAis: Y'Ow 6 Yoo YOwd .YOw&BThenGVAloss

was broken down into the loss in the oil and gas sector and the loss in the rest of the econom:
Some simplifications were used in the analysis: assumptions about linear effects; assumptiol
that the effects of imported goods shortage is proportiongdetotal imports needed to satisfy

the additional unit of final demand; assumptions that the depth of exgaimportrelated

116 Tsukhlo S.V. Russian industry in 26210 2 2 . ARapid recoveryo afdased t he
workshop on energy and environmental econoiimi¢cke Moscow School of Economics, 10.02.2022.

117Bashmakov |. A(2007) The Cost of Bondag@ather Tharof the Cold Problems of Economic Transition, 49:9,
16-20, DOI: 10.2753/PET1061991490903
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sanctionds equal across activities and varies only due to the regional coverage. The possibility
for exports of goods anskrvices to other destinations in time is not reflected either. Growing
government consumption expenditures may mitigate some of the loss in private consumptior
and investments.

The results are shown below (Tabl@)Jor a variety of combinations of asaptions. The data
present a static picture of GDP decline at the point of time the with greatest sanctions coverag
and depth. The depth of GDP decline varies between 12 and 20%, and for NOG GDP betwee
11 and 19%. In reality, the sad road towards thesp tettoms will take some time. In contrast

to the consensus forecasts, by the end of 2022 we may be only half way to the bottom, while th
remaining part might be travelled over 2023 or later, as the sanctions reach the levels shown i
Table 3.2 and are spplemented with higher customs duties for the imports from Russia. If any
new markets for the Russian exports or new import suppliers are found, the GDP loss may b
partially mitigated. Also, the impacts may be smaller, if the announced import ressrigteonot

fully implemented.

Table 3.2 Implications of sanctions for Russian GDP in constant prices
Assumptions Parameter | Export Import Demand Total
sanctions| sanctions | reduction
effect

Export sanction§EU-27, USA, Japan), 20% | GDP -5.4% -1.8% -4.5% -11.7%
coverage for major export items to these NOG GDP 36% 20% 51% 10.7%
countries; 40% for air transport; 20% for oth¢
items and services; 30% cut in intermediate
imports
Export sanctions (EX27,USA, Japan), 50% | GDP -8.3% -1.8% -6.2% -16.2%
coverage for major export items to these NOG GDP 54% 2.0% 7.0% 14.3%
countries; 40% for air transport; 20% for oth
items and services; 30% cut in intermediate
imports
Export sanctions (EA27, USA,Japan), 50% | GDP -8.3% -4.5% -7.6% -20.3%
coverage for major export items to these NOG GDP 54% 5.0% 85% 18.9%
countries; 40% for air transport; 20% for oth¢
items and services; 50% cut in intermediate
imports
OECD* -10%15%
Consensuprojection by Russian experts GDP -2.32.8% -8%
(Kommersant 11.03.2022; Kommersant 2022 2023 2024 | 20222024
17.03.2022)

-8% 1.5% 2% -5%
Consensus projection by foreign experts GDP -5.7% -1% -6.2
(Focus economics; Kommersant 18.03.2022

* OECD Economic Outlook, Interim Report Economic and Social Impacts and Policy Implicatitims\War in
Ukraing MARCH 2022

Source: CENEXXI .

The ranges assessed for NOG GDP in Taldavere used to set TFP evolution for this sector in
the RUSDVA model. OGGDP is more accurately assessed in this model based on the physical
fossil fuelsexportpathways as discussatiove.

Based on the assessment presented in Tahlénd. TFP for NOG GP was takemo be-10% in

2022 and-4% in 2023 thus reflecting the expected medium estimate of potential output decline
at 14%. It is assumettiat the effect will slowly weaken over time as the sanctions relax through
the progress in the peace proceséaod) adaptation of the Russian economy arnarientation

of export and import flows. As a result, TFP for 2024 is assumed at +6%; and feRQ@D2%t

+2% per year.
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For the subsequent years, an assumption is made that the lower the income from thgasl an
sector and the higher the potential effects of the sanctions and mechanisms such as CBAM, tr
greater the effort Russia will make to technologically modernize theoi&gas sector. The
share of the oil and gas sector in the economy will eventdattiine. Therefore, it is assumed
that the contribution from TFP will be positive staying at 0.5% per year in option 1, at 1% in
option 2, and at 1.5% in option 3 (double of the 12080 average). The two latter values will

be difficult to attain as resttions in terms of access to the foreign capital, cuisvestment
goods impows (in the long ru), and the accelerated after February" D¢ain drain will
negatively affect the TFP evolution inthe years to comeThe availability of the needed
sophisticated equipmeand qualified labour forceill be limited while the overdependence on
Chinese machinery supply will [@angerously growing

The resulting trajectories are shown in A@4-3.25. Three scenarios were considered:
1 Scenario 1: lowdel export reductions and low TFP level;

9 Scenario 2: medium fuel export reductions and medium TFP level,

1 Scenario 3: high fuel export reductions and high TFP level.

Figure 3.24 Scenario 1. Parameters of Russi an economic development: low
fuels export reduction and low TFP growth scenario
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Only scenarios 1 and 3 are discussed below, as scenario 2 provides results within the uncertain
range bordered by the former two.

Scenario 1.In 20212023, Russian GDP will be down by 10.79%,9% in 2022 and3% in

2023); OG GDP is only 4% down, while NOG GDP is 11% down (Fig. 4.4). The share of oil and
gas GDP since 2022 will be much higher, than assessed before Febifiafgr2fe whole
timespan to 2066 but particularly in 20222024. Thus the economic model based on the
reliance on fuels is conserved, followed by a steep decline after 2024, as market niches for th
Russian fuels shrink driven by the global decarbonizatind energy security policies. Oil
exports will never get back to the 2021 level, expected export oil price will decline te 2030
2035.

By 2024 the economic power of the Russian state and of the fuel supply businesses is conserv
and still concentrated.nE share of governmentvned sector in GDP grows at the expense of
shrinking private sector, and so the potential to improve overall productivity of the Russian
economy is untapped. Expodnd imporirelated sanctions and the conserved dominance of the
government in the economy along with the persisting reliance on fuel exports will undermine the
potential of the nomwil&gas sector to drive Russian economy. NOG GDP will get back to the
2021 level only by 202Ibsingabout 206 of the growth potentiadverthose lost years. This will
deeply undermineths sect or 6s potenti al to mitigate
to the economic growth beyond 2035.

The shares of oil and gas in GDP and in the consolidated budget decline rapidly to 10%-by 2030
2035 and beyond. The favourable time to support the development of thal&gas sector due
to the redistribution of energy export revenues is completely lost. In the longer term this sector
faces labour force shortages (as a result of negative demogtemids), low TFP level, lost
foreign markets of basic materials and low carbon goods, and is left partially ruined and
unprepared to replace the substantially weakened capability of fuel exports to spur GDP growth.

As a result of such developments:

1 Russiawill lose 10 years of economic growth. The 2021 GDP level will only be back in
2031;

By 2050, Russia will lose 46% of the previously expected potential GDP gt&ith;

Russiads GDP in 2060 will only be 21%ehig
beyond 2045. The economic revival in the second part of the 2020s will be partially blocked
by the labour force shortage. The same situation will be observed after 2045. Low TFP doe:s
not fully compensate the annual decline in the labour force, and astawnulation of fixed
capital in this weakened sector will be the only driver for GDP growth;

1 Meanwhile the global GDP will have grown Zald by 2060, while the share of the Russian
GDP will be down from 1.6% in 2021 to 0.7% in 2060, if estimated irn&xge rates, and
from 3.1% to 1.3%, if estimated in PR&nkingin the middle or closer to the end thfe
second tenn the list of major economies]hus the Russian economy will become hardly
visible in the global 2060 economic landscape, shadowed hygsaiats of the time as China,
I ndi a, and USA. This wil |l deeply wunder min
the military potential.

Scenario3. This scenario assumes a much deeper decline in the oil and gas exports by 2027 witl
a partial rewal thereafter (Fig. 3.6 and 3.12) and higher TFP parameters. I1R2PD@3] Russian

GDP will be 11.4% down-8% in 2022 and3.7% in 2023). OG GDP will be 12.8% down, and
NOG GDP will be 11.2% below the 2021 level. The OG GDP will be continuously declining
(Fig. 3.25) and falling fast to reach 8% by 2030 and drop below 4% by 2060. The current

118 Bashmakozetal. (2021).Russiaon the carbonneutralitypathway.CENE£XXI .
119 Bashmakozetal. (2021).Russiaon the carbonneutralitypathway.CENE£XXI .
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economic model relying on fuel exports will fail to support sustainable growth and will need to
be replaced with another model, capable of providing large TFP impemtenio save the
economy from stagnation by 2060 at the level just 6% above the 2021 GDP.

Figure 3.25 Scenario 3. Parameters of Russian economic development:
high fuel export reductions and high TFP growth scenario
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In this scenario, the economic power of the Russian state and fuel supply businesses decline
The share of the government in GDP first scales up in-2023, yet cannot be sustained much
longer. The role of private sector needs to be increased to pewdepetitive environment to
improve the overall productivity of the Russian economy. As the government dominance
declines, expoftand imporirelated sanctions are expected to lax, and Russian businesses will
re-enter the global markets of basic materiahd enter the new markets of low carbon products.
This would enhance the potential for the +oil&gas sector to expand faster to serve a driver for
the whole economy.

As a result of such developments:

9 Russia will still lose 1611 years of economic groltThe 2021 GDP level will only be back
in 20312032;
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1 By 2050, Russia will have lost 51% (versus 46% in scenario 1) of the previously expected
potential GDP growth?°

1 In 2060, Russian GDP will be 44% higher, than in 2021 (versus 21% in scenario 1) reaching
1.6% AAGR in 204€2050 and 1.3% in 205R060. This is possible only with an assumption
that the economic and institutional models in Russia will change to enable the TFP
improvements. A failure to provide new institutional and squbtical frameworks fo the
economic growth will limit Russian GDP growth to just 6% in 2060 relative to the 2021
level. This would mean four decades of economic stagnation for Russia,

1 In this scenario, the share of Russian GDP in the global GDP will still be shrinking from
1.6% in 2021 to 0.9% in 2060, when estimated in exchange rates, and from 3.1% to 1.7%, if
estimated in PPP, but the loss in Russian economic role on the global scale will not be a:
devastating as in scenario 1.

Back in 2008, the author wrdfé, @ T h e Kuralrtradtiontin Russiai§a f ocus o
survival of disunited individuals, focusing on solving tactical problems and having little idea of
what t he f ut urThesehvalles ae irfertial, but fotecompletely static. They need
to be changedand so do the institutions themselves, otherwise regression, even in the most
progressive institutional reform, will be inevitable. It would be naive to expect that a
bureaucratic state will begin to modernize itself for the sake of the future... PRilegia is in a

trap: in order to reach by 2050 the levels of economic development comparable to the curren
levels of developed countries, it is important to change the cultural traditions and institutions, yet
there is no one to change them. If the newmdtlie change is to be recognized and a capable

coalition is to emerge, more evidence is r
hol ding back Russiads economic growth. The
is superimposd on many other uncertainties and it does not allow for a clear answer to the
guestion of how much Russiads GDP wil/l have

that basic Russian values are defined by the forfthitgh value of security and pratgon by

the state with a weak commitment to the vabiewvelty, creativity, freedom, independence and
risk".122 With such burden, it is difficult to determine the directions of modernization and to
develop coalitions for timely modernization in the keyedtions. After 14 years, these
statements are even more valid, because the efforts to develop effective coalitions for
modernization have failed.

The problem with modernization is, that titanic effontere neededgimultaneously in many
areas: increasinthe birth rate; reducing mortality and prolonging the active working life of
Russian citizens; competent migration policy with balanced interettoricord fundamental
modernization of the technological basis of production and a significant increatbés basis,

in labour and capital productivities and energy efficiency; preventing a collapse in oil
production, increasing the uptake of renewable energy sources; accelerated development ¢
exportoriented and imporsubstituting industriedn all of the scenarios assessed more than a
decade prior to February 24the share o©G GDP was steadily declining towards 2050 with a
subsequent decline in the influence of the oil and gas elites, growing dependency of the state o
other businesses, and gradualigsipating illusions of its omnipotence with a real democracy
replacing the decorativene All these processes were expected to be delayed, as the current
elites would do anything to maintain their power and influence. Modernization was inevitably
asso@ted with a significant potentially conflicting political component.

120 Bashmakozetal. (2021).Russiaon the carbonneutralitypathway.CENE£XXI .

121 Bashmakov I. Russia050. Voprosy Ekonomiki2008;(8):146144. (In Russ.)https://doi.org/10.32609/0042
873620088-140-144

122 Magun V., Rudnev M. Basic Human Values of Russians and Other Europeans (The Results of 2008 Surveys)
Voprosy Ekonomiki2010;(12):107130.(In Russ.) https://doi.org/10.32609/0042736201012-107-130
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Discussions on the Russian modernization paths highlighted that the conservation of curren
institutions along with the present development model based on raw materials exports fail to
ensure high economic growth ratddany areas of modernization have been recognaretl
voiced. However, the task of promoting the lexical constructor of modernization concepts to a
set ofreal actions to yield theexpectedresults has failedBack in 2011, n t he Wikhr t i
Russia Have Economic Growth in the N{XI Century®'?® it was showrthat the loss of the

ability of the Russian economy to expand i
s h agsrkeiemo economy (t he mo d e | of continuo.l
puni shment for the modernization failure i
effective modernization to increase alcl f e
growth in the middle of the 24century.lf GDP growth is to exceed an average of 1% per year
in the 400s, It i's essenti al to have =eith

successful modernization. It was shown that without modernizétimould be unfeasible to
bridgethe economic development gap with the leading countries and increase Russia's share i
the global GDP, and even to maintain the current ©he price ofunsuccessful modernization

is the loss of the economic growiththe 204 0,Gaisd possibly in the 300 .Aglecade after tht
paper was published, we see this happening
rephrase t h | dapReurs stiiat IHea:v efi E ¢ o nvatimmany f&&tors wt h
against the posite answer to this question.

123 Bashmakov |. Will Russia Have Economic Growth in the ¥l Century?Voprosy Ekonomiki2011;(3):20
39. (In Russ.)https://doi.org/10.32609/00427362011-3-20-39

86


https://doi.org/10.32609/0042-8736-2011-3-20-39

4 Scenario storylines

4.1 Challenges related to drawing scenario storylines for
Russiabs decar bonization pathways

Many think that projections for a distant futuage mindless ganse because future is hardly
possible to predict. Others might wantttwn to fortunetellers to learn what future may bring
them. In daily business, any investor in durable assets has to play this @amanalysi&*
(namely, comparison of global energystem evolution projections to 192020 with reality)
has shown that indeed, accurate predictions are probably not feadibi®, by wali ng
structured model$o run scenariosind deploying effectiveanalytical scheme¥® to judge on
their feasibilityit is possible to outlinéhe contoursof the future and to getdequaterisions that
helplearn the lessons of the future. Moreover, only such mdtieise machines)'enable ugo
find a balance between improvihgmanwell-being and preservintpe natureand climate This
balance is alsoefracted through the prism of public opiniaboutwhat is "good"or "bad" in
terms ofenergyand economipolicies, while ensuring the reliabilitand affordabilityof energy
and materialsflows. Over the past 380 yeas, the mankindhas beerfollowing a wrong
pathway.

Like continuously repeated in tli@ack to the Futur@ movie, "the futurei s writtén yet" An

even moreaccurateformula is given by Matt Mklusch in his iJack Blaak andthe Imagine
Nationd: "The future is not written. It lies in the choices you make. Our future is ours to decide.
Always"). Global climate is a very inertial system, same as the economy and social values. A
distant vision is required to foresee remote problems, learn lessudoose the right patvay

to the future. Multiple attempts have been made to travel to a very distant future, including 1,574
scenarios up to 2100 assembleth@WGIIl AR6 scenario databadé®

The scenario storylines presented below provide visiomosdible futures for Russia to 2060.
Forty years ahead is a large time spot in which a lot of things may change. Back in 1982, wher
Brezhnev was still alive, people in Russia could hardly imagine how their stagnating command
andcontrol economy would go tbugh perestroika and deep market reforms and then move
backward to deeper government control alongside social and political changes of the last fou
decades. It would be equally erroneous to extrapolate the recent developments to the distat
future.

twas easier to draw pictures of Russiads' fut
century, we could see some retreat from the market reforms of the 1990s to a more profount
government control over t he e c olnparhoythe gidbawe v
economy with a lot of room left for the market forces. The initial intention was to focus on
different pathways for Russia to attain the net zero carbon target by 2060 with options to rely
more on such options as: low carbon power aledtrification, energy and material efficiency
improvements, progress towards the circular economy, -Eurgle hydrogen exports, mass
deployment of CCUS, or with an accent on carbon sequestration by Russian forests.

124 Bashmakov I.A. Projections of the global energy system evolution 30 years later: Checking the lessons of the
future by the past experiencéoprosy Ekonomiki 2022;(5):5178. (In Russ.https://doi.org/10.32609/0048736
20225-51-78

125 Bashmakov I. A. (1987). On the implementation and analysis of the results of macroeconomic ferethsts

of seven matrices). IMhe system of macroeconomic information procesdihgNauka. P. 11i7132.(In Russiai.

126 Riahi K., R. Schaeffer et al. Mitigation Pathways Compatible with Lbagn Goalsin: Climate Change 2022.
Mitigation of Climate Chage. Contribution of Working Group Il to the IPCC Six Assessment Report [BkS),

J. etal,, (eds.)], Cambridge Universityess, Cambridge, United Kingdom and New York, NY, USA.
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One lesson from the future is thakete is no businesssusual for the years to come; instead
businessasunusual needs to be in the foddSFor Russia, there is no businessusual even in

the short and mediurterm. A few months ago, no one could foresee the Russian military
operation m Ukraine and subsequent strong and escalating sanctions. The sanctions will work tc
deepen the existing technology gap with the global leaders and eedieg technologies,
leaving little chance to bridge it relying on imports substitution andsséiciency. It was
equally difficult to anticipate that Russia will be cut off the global supply chains and the world
will progress to the future leaving Russia behind. But now such vision of the future becomes
feasible and should be considered.

So the task adad is to develop visions to embrace the range of uncertainigh greatly
increased after February 24. Word selection in the title of4Figis notunambiguousnymore.
The future may look more like the rightand part of this figure or more like thagt shown on
the lefthand side.

Figure 4.1

Source: developed by |. Bashmakov

Three sets of scenario storylines wdexeloped to cover the abruptly widening uncertainly zone
to draw the pathways which may get Russia to the carbon neutrality by 2060:

i 4Si Stagnation, Sanctions, S&lfficiency, which may be also titled Forward to the Past (as
the opposite to the Back the Future);

1 4D i Development Driven by Decarbonization and Democratization, which opens the door
for Russia to return to the global economy;

1 4F7 Fossil Fuels for Feedstock, which builds upon 4D and allows Russia to use its fossil fuel
resources for negnergy use.

In all of thescenariosLULUCF is thelast hope optiorior Russiato meetits carbon neutrality
goal by 2060.Therefore, the scale of carbon net stock W_LUCF substantially differs across
the scenarios.

127Bashmakov I. Energy for the new Millennium. CENEf. Moscow. 1999.
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4.2 4S 0 Stagnation, Sanctions, Self-Sufficiency 6 Forward to
the Past

This scenario is a projected emissions trajectory modeled in consistent framework, which by nc
means is BAUike. Rather, it serves as a reference scenario and is based on the following
narratives and storylines:

1 strong sanctions persistfor Russi® s d o mtradigohal exgorts which areconsidered
toxic in the global, and especially G7, markets; the same goes for the ban eechigh
imports to Russia;

1 oil and gas exports quickly shrink, with just a limited patdrtb rebound later by turning to
new regional markets, as the global economy is steadily switching to low carbon pathways;

1 O&G sector declines, and so does its contribution to GDP, foreign trade, and consolidatec
budget (after 2025);

1 Russia is cut off may global supply chains and forced to rely on -selfficiency for
domestic needs;

1 strong government control over the economy with subsequent decline in overall efficiency in
the sectors under control;

1 poor quality hightech imports substitution with a lowotential to improve total factor
productivity in many sectors, which have already suffered from a deeper government control;

1 slow economic growth in the NOG sector with low total factor productivity, declining labour
force, intensive brain drain, low iegtment, and limited inflow of foreign capital,

1 inability of the NOG sector to fill shortfalls in GDP, foreign trade and consolidated budget
revenues, which were historically yielded by fuels and raw materials exports;

71 limited potential to expand nefael and norbasic materials exports to the global markets,
which are dynamically switching to the low carbon pathways;

1 poor access to international financing for companies and the public sector will restrict the
ability of the consolidated budget to keep tkpenditures growing, as beyond 2025 oil and
gas revenues will be brought down by both low exports and low energy prices, and the NOG
sector will be unable to fill the gap;

aging production facilities, slow phasing out and low modernization rates;

lower denand for additional production and low capacity additions, as demand for Russian
products, both domestic and international, will be growing very slowly (if at all);

1 only a small share of new capacity will meet the BAT (best available technolsadprds
the new capacities built to the BPT (best presently practical technologies) at the best
(alternative, which may have lower parametérBest Available in Russia Technologies
BART) will dominate, since poor competitiveness and lack of -egih equipmentwill
impede reaching the technology cutting edge.

I n contrast to the movie fnABackiFoo wahred FRuot ut
or fiBack t.ohose Wwho liveddrstiiedAJSSR, can remember the long queues for food,
as well as poor ality clothes, cars, flats, and workplace machinery. Generally, any country
with a central planning system used to have at least twice lower overall efficiency compared to
their market counterparts with similar climate and other geographic conditionat, izagt twice

lower GDP PPP per capita. The race for the future was lost by countries with central planning
which were hiding behind thigon curtain.4S scenario is an attempt to repeat this historical
mistake turning from global integration pathway tobgl isolation one.
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4S scenario captures thedemand reduction option not because reasonable sufficiency is
achieved, but rathet is based on sufficiency willpilly (both on quantity and quality) drivesy
supplyreduction

4.3 4D 0 Development Driven by Decarbonization and
Democratization is the Door Back to the Global
Economy

The task for this illustrative scenario is to draw pathways consistent with the adopted decision tc
reach net zero carbon status for Russia by 2060. Globally net zero carbonféming§C is
20502055 and that for’€ is 20762075!®*S o0, Russi ads commit ment |
balance between historical responsibility, expected feasibility and mitigation capacity.

The story linedor thisscenaricare quite different:

T progress towards termination of Rusanstions0 s
and enable Russia to regain some of its positions in the global value chains after 2030;

1 proactive decarbonization policies in Russia will help the country to gedrket niche in
some global regions for a variety of products with low or no carbon footprints and get access
to the hardware and software needed to produce low carbon products and services. Potenti
low carbon global markets are expected to reach $U8illi@n by 2030 (Figure 4.1) and
$US 1116 trillion in green investment by 2050 (Figure 4.2). Getting just 1% of this pie
would bring 116160 billion $US;

1 democratization will develop as the role of the oil and gas sector will be shrinking, and
reliance on a wider political and social spectrum will become key for sustaining social
stability and inspire business activity. All this will bring more competition into the economy
(while the role of the government will be declining), free up initiative, reduiggation
intentions of qualified workforce, and attract skilled professionals from abroad to work in
Russia. It will reduce corruption and provide incentives for investment and rewarding based
on skills, rather than on loyalty;

1 relaxed or removed higtechimport sanctions, competitieibased incentives to invest in new
technologies, and rgained access to international financing will improve total factor
productivity and therefore accelerate NOG sector development with a growing potential to
fill the income gap resulting from the oil and gas revenues drop;

1 growing potential to increase low carbon products/services production will accelerate phasing
out obsolete capacities and boost modernization of the remaining capacities;

1 higher demand for additional proction in the domestic and international markets will
significantly scale up capacities additions with performance to the BAT standards;

1 low carbon footprint requirements for products and services will provide incetdgiveduce
scopel emissions via immved energy and material efficiency, circular economy, and
electrification, CCUS and hydrogen application and scope 2 emissions via promoting low
carbon energypenetration, including renewables, both in grid and-gofl systems;
hydrogenbased technologs; CCUS; electric vehicles; and other low carbon technologies, as
they reach the commercialization stage;

1 the need to make low carbon technologies competitive at their initial deployment stages,
along with a potentially wide geographical and produwate spread of CBAMlike

128 Riahi K., R. Schaeffer et al. Mitigation Pathways Compatible with L®rgn Goalsin: Climate Change 2022.
Mitigation of Climate Change. Contribution of Working Group Il to the IPCC Six Assessment Reporf3Rés)
J. etal,, (eds.)], Cambridge Universityess, Cambridge, United Kingdom and New York, NY, USA.
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mechanismsupportedy the Sakhalin experiment results (if positive) will inspire the launch
of the CQ price mechanism at the national level.

Figure 4.2 Eleven high -potential value pools could be worth more than
$US12 trillion in annual revenues by 2030 as net -zero transition
advances. Addressable market size in 2030, selected
categories ($US billion)
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This scenario captures the impacts of mitigatptions, such as: energy and material efficiency,
circularity, electrification of energy engse with low carbon power, better use of biomass,
hydrogen use and CCUS mostly in power generation and industrial processes, carbon pricing
policies, measures toeduce emissions from agriculture and waste sectors and to provide
sufficient net sinks in LULUCF to attain net carbon neutrality by 2060.

4.4 4F 0 Fossil Fuels for Feedstock

The storylinedor this scenaricare mostly builds upon the 4D scenario, but additipressume
more intensive fossil fuels use for chemical feedstock, along with blue hydrogen and ammonia
production:

1 there is expected meaningful external demand for chemicals and hydrogen produced ir
Russia;

1 an accent on the export of plastics and othentbals would allow it to use more fossil fuels
for feedstock with CCUS deployment;

{1 ambitious plans to export low carbon hydrogen or ammonia will be implemented on a large
scale in Russia using large amounts of natural gas at facilities equipped with CCS.
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5 4S 0 Stagnation , Sanctions, Self-
Sufficiency o Forward -to-the -Past

This scenario is modeled in a framework, whichs by no means BAUlike. Rather, it is a
reference scenarid®Unl i ke i n t kethemMoviueedi,Bactki s scen
AFor wdhedast @r @ Bac k . Thase whd emebhl®6IiRing in the USSR, can
recall the long queues for food, as well as poor quality clothes, cars, flats, and workplace
machinery. Generally, any country with a central planning system used to haestairviee

lower overall efficiency compared to their market counterparts with similar climate and other
geographic conditions, and at least twice lower GDP PPP per capita. The race for the future wa
lost by countries with central planning which were hidrehind theron curtain.4S scenario is

an attempt to repeat this historical mistake.

4S scenario captures the reduced demand options not for the reasonable sufficiency they
offer, but rather for the willy -nilly sufficiency (both quantitative and qualttee) driven by
supply reduction and policies that cultivate the past values.

5.1 Heat and power sector

In 4S scenario, electricity generatiorfor two decadesis practically not growing (Figure 5.1

and 5.3) After a decline in 20222023, centralized electriciy generation slowly recovers to
reach the 2021 level only in 2042 and grows to 1,320 billion kWh in 2Q@conomic activity
grows in all sectors and is accompanied by electrification, but is partially offset by improved
efficiency of electricity use.

Figure 5.1 Electricity consumption in 4S scenario
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Negative effects of the sanctions are observed in all segments of the electricity markdter
cooperation between-REC Standard Fountlan and Russian companies was suspended,
igreenodo certificates for apPlfothesencartifieales arel t
redeemed, Russian companies wil/|l be unabl e
of the generated energVhis will significantly impede international cooperation in renewable
energy and participation of Russian producers of RE energy and products with a low carbor
footprint in the global energy transition

129The storylines for this scenario are shown in Chapter 4.
130 Russids fuel andenergysectorunderthe sanctions. Energy trendgo. 106, March202Q The Analytical Centre
underthe government of th&ussian Federation.
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For fossil fuel based generation, 4S scenario assemmmoderate progress in improving the
efficiency of both new and modernized power plants to levels lower than global BAT
Previousplans to improve the local content of General Electric and Siemens turbines will hardly
materialize in the near future, as Siemengeisninatingits activities in Russi&! The RF
Ministry of Energy believes that the ban on gas turbines supply will nettatiie Russian
market!*2 However, even a shortage of imported spare parts or the unavailability efuradty
maintenance of CCGT in place will increase the number ofstigpsand lead to a drop in their
efficiency. Even if these turbines are replacgdh Chinese or other models, this less efficient
equipment will have taindergoaccelerated certificatiol?® Continuousattempts to improve the
local content of higipower turbines have not been successfula gas turbine is to be
recognized as Russiamade, the manufacturer must own the rights to the technology, including
methodology, knowhow and patents, as well as to the design and technical documenitagon
plan was toincreasethe shareof Russiancomponentgo 70% in 2020, andto 90% in 2022.
According to the RF Ministry of Industry and Trade, construction of Russian 65 and 170 MW
turbines is on track, but such statements are continuously repeated every year, which means th
the plans are substantially adjustddSi | ov y e Nd camisurbnes supply inr2@254

Six GTE170 turbines are currently in production. TB&E-65.1 prototype has beelaunched.
Rostech Corporation claims that GAROM turbine is ready for serial production; the
Corporation has set up a special company for theugtamh, supply and maintenance of these
turbines aiming to produce two turbines per yeaimilar difficulties associated with the
sanctions are arising along the entire range of power generation and distribution equipment
Their possible impact in termsf ampeding the development of different segments of the
electricity market is yet to be explored

There is no simple or unambiguous solution to the problem of lowarbon generation
development in Russia to 260. However, despite the slow growth irelectricity generation,

the generation structure changes noticeablylhe share of zeroarbon generation grows from
40% in 2020 to 68% in 206@n assumption is made, that generation development policies do
not favour any particular types of generati@®@CS technologyis not applied 4S scenario
assumes, that the current government support frameworks for RE development will be
maintained to 2035, when wind and solar generation will become compgee 5.3.

Figure 5.2 LCOE for different types of generation in 4S scenario
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Bhttps://press.siemens.com/global/en/news/statemantkraineandsituationrrussia?utm_source=ixbtcom
Bnttps://neftegaz.ru/news/gosreq/7318imenergerf-predstavilemery-podderzhkidlya-energetikow-
usloviyakhsanktsiy/

133 https://lenta.ru/news/2022/03/21/energo/?ysclid=1470vpex3d134339030

134 https://tass.ru/ekonomika/14619511?usource=ixbtcom
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Centralized generation based on variable RES (wind and solar) grows up to 279 billion
kWh in 2060, or up to 21% of total generation The share of nofuel generation increases
from 41% in 2021 to 66% in 2060 (Figure 5.8Yind and solar capacity is growing, as current
plans for renewable capacity construction to 2035 are impleméhisk plans may be revised
downwards driven by the withdrawal &ortumt> and Vestas®® from the Russia market;
however, Gazprombank and Inter RAO are ready to buy their pssetsthen, as the costs go
down, wind and solar become the key driver for changing the structure of installed capasity.
IS due to the economies of scale and learnig the ntake grows, reduction in specific
investments and operation costs becomes an important factor spurring RE develblotieat.
and hydro capacities are practically o6froz
retirementsTherefore fuel generation goes dowfigure 5.4.

Figure 5.3 Electricity generation, 2021 -2060 in 4S scenario
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Figure 5.4 Total capacity and commissioning of power plants, 2021 -2060
in 4S scenario
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Due to the slow growth in electricity demand total capacity of power plants grows only
slightly to 2060 to 258 GW, including:nucleari to 43 GW; wind 1 to 37 GW, solari to 26
GW. Hydro and geothermal remain at the same leval 50 and 0.2 GW Total thermal plant
capacity declines: gas power plantso 73 GW;coal power plant$ to 28 GW. In 2058060,
nonfuel generation accotsmfor 91% in capacity increase (versus 73% in 22@26), and solar
and wind account for 68% (versus 35% in 2@P25.In 2021, nuclear generation showed 0.22

135Burning Finnish plans. Kommersant, Nd3/B, 14.06.2022hftps://www.kommersant.ru/doc/5408791
136 The wind has changed. Kommersant, Ma3B, 14.06.2022 fittps://www.kommersant.ru/doc/5408933
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GW increase, hydrdo 1.75 GW, wind' 0.56 GW, and solar plants0.30 GW.Thermal capacity
was 6GW down.

5.2 Industry

The sanctions force Russian companies to change their logistics for both industrial exports
and raw materials and components supplyParticularly tough restrictions have affected iron
and steel and neferrous metals, oil refinery, chemicals, and pulp and paper. Some estimates
show that the restrictions may cause a 30% drop in metals sales-86801B chemicals sales
(mineral fertilzers). The potential decline in machine building is even more significant.
Penetration to the new markets and building new supply chains will take time.

Broken exports logistics result in physical restrictions on exports and higher product
prices. BecauseEuropean ports are closed, Russian enterprises forward their export flows to
road and railroad networKks. For many of t
additionally restricted by the capacity of transport systems and port facilities, whicbt dan
quickly expanded.

Given the limited domestic market, which is shrinking during the crisis, the reorientation

of production to the domestic needs can hardly offset export lossd3omestic demand for
industrial products will be declining. According ttee World Steel Association (WSA), Russian
steel consumption in 2022 will drop to 35.1 million tons, or by 20% (vs. 43.9 million tons in
2021), and in 2023 it will not increas¥.

Some optimists hope for a Rdpyearg® antl will miriméza p o ,
the effect of the sanctionsHowever, it is more realistic to think that this process will take
decades.Russian suppliers will not be able to meet the fughlity process and energy
equipment demand (rolling mills, steel furnaces, converédestrolyzers, etc.). Rather, it may

l ook li ke a O0strippedbé configuration. The
been postponed indefinitely? The sanctions are critical for petrochemical equipment supply,
especially polymerization plés Attempts of Russian factories to copy and manufacture
unlicensed products, even if successful, will result in a drop in quality and reliability of
equi pment in a Astrippedo configuration.
technologies suypy is observed in the pulp and paper industry (low chance of import
substitution). Large domestic plants that used to specialize in machines and equipment for pul}
and paper factories (Petrozavodskmash, lzhtyazhbummash) are reoriented to other area
Manuacturers of paper and board machines also rely on raw materials and chemicals‘&xports.

Limited access to financing means that costly investment projects are postponed
indefinitely. They will give way to projects with smaller financial demand (improvenoént
customer service, automated central planning, maintenance and current repairs).

Success criteria for revised industrial strategies are different now. Success is no longer
measured based on the integration in the global economy and expansion of exports, but
rather based on the achieved degree of isolation, i.e. reduced share of impoits

137 World Steel Associatiorhttps://www.kommersant.ru/doc/530691Https://worldsteel.org/medieentre/press
releases/2022/worldsteshortrangeoutlook-april-2022/.

1Al exey Mordashov. il n my opinion, webhttpb:Bwwwm.lmusiness o mp |
gazeta.ru/news/552440

1391n 2021, RF Mnistry of Energy signed an agreement with oil companies to upgrade 14 oil refineries and build
new fuel production capacities. This agreement involves 800 billion rubles in investment to 2027. Oil refineries
must retrofit and phas@ 30 plants for secoruly oil refinery, auxiliary units, and afhctory facilities. These will
increase gasoline production by 3.6 million tons and diesel fuel production to more than 25 million tons per year by
2031, to renovate oil refinery capacity, and to improve thehiétiaof the Russian oil refinery industry.

140 Russian pulp and paper under sanctions has imports substitution failed or is it still possible?
https://zen.yandex.ru/media/zetta/celliuloznobumappagnyshlennostf-pod-sankciami-importozamescenie

provalenaili -escevozmojne62876a8ach920ed4abaddlbda
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production (Table5.1). Some industries, which are the worst affected by the sanctions, have
already launched revision of their strategies and progrBmadt Strategy for RF metallurgical
industry development to 2024 and 208& specified the key gisaas sustainable development

of the metallurgical sector to 2035 through incentivizing the domestic demand; better positions
in the international markets and adaptation to a tougher environmental legislation and carbor
regulations.

The conservative scenao assumes that new lofgrm projects and programs cannot be
implemented, and the overall technology competitiveness of the sector will be declining. The
forecasts of metals production and consumption are based on current trends.

The baseline scenarioassimes an increase in domestic metals demand and partial
implementation of the previously scheduled investment projects and programs (delayed project:
and programs; construction or reconstruction of production facilities of lower capacity).

The target scenaio is based on the assumption that the growth in domestic metals demand will
result from both economic development and a reduction in indirect metals itfpdite share

of exports will be declining through the reorientation to the domestic market. Hle¢ saenario
assumes a complete I mplementation of compa
target scenario, the share of exports is minimal for all products.

Table 5.1 Projected metals production

Scenario Units 2020 2024 2030 2035

(actual) (projected) (projected) (projected)
Coke
Production Conservative | min tons 27 269 259 245
Domestic consumptior 245 24 24 225
Exports 2.6 3 2 2
Share of exports in % 9.6 112 7.7 8.2
production
Production Baseline min tons 27 26 25 249
Domestic consumption 245 24 24 24.4
Exports 2.6 2 1 0.5
Share of exports in % 9.6 3.8 4 2
production
Production Target min tons 27 26.7 258 255
Domestic consumption 245 237 228 225
Exports 2.6 3 3 3
Share of exports in % 9.6 112 11.6 118
production
Pig iron
Production Conservative |mintons 52 53 54 54.2
Domestic consumptior 478 485 492 498
Exports 4.2 45 48 5
Share of exports in % 8 8.5 8.9 9.1
production
Production Baseline |miIntons 52 54 555 57
Domestic consumptior 478 49 505 52
Exports 4.2 5 5 5
Share of exports in % 8 9.3 9 8.8
production
YWMAccording to WSA, 2019 Russiads indirect steel i m

min tons. 2021. World Steel in Figuré¥orld Steel Association. 2021.
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Scenario Units 2020 2024 2030 2035
(actual) (projected) (projected) (projected)
Production Target min tons 52 54 56 58.3
Domestic consumptior 478 49 51 533
Exports 4.2 5 5 5
Share ofxports in % 8 9.3 8.9 8.6
production
Crude steel
Production Conservative |mln tons 738 785 80 86
Baseline 738 78 815 89.8
Target 738 80 86.5 92.7
Rolled iron and steel
Production Conservative |mintons 61.8 64 66.8 717
Domestic consumptior| 40.3 45 486 54.9
Exports 25.8 24 22 20
Share of exports in % 417 375 329 279
production
Production Baseline |miIntons 618 65 70 75
Domestic consumptior 40.3 46.2 552 62
Exports 258 228 185 16
Share of exports in % 417 351 26.4 213
production
Production Target min tons 618 67 72.2 77
Domestic consumption 403 485 585 66.5
Exports 25.8 22 16 122
Share of exports in % 417 328 221 15.8
production
Primary aluminium
Production Conservative | thou.tons 3928 4200 4340 4356
Domestic consumptior| 1246 1285 1354 1339
Exports 2698 2955 3017 3046
Share of exports in % 68,6 70 70 70
production
Production Baseline |thou.tong 3928 4200 4350 4564
Domestic consumption 1246 1288 1356 1393
Exports 2698 2955 3024 3192
Share of exports in % 68,6 70 70 70
production
Production Target thou.tons 3928 4300 4356 4709
Domestic consumption 1246 1240 1373 1500
Exports 2698 3026 2954 3189
Share of exports in % 68,6 70 68 68
production

Source: Draft Strategy for Riaetallurgical industry development to 2024 and 2035.

In 4S scenariokey carborintensive products manufacture ap#ports are adjustetb the
scenariostorylines(Chapterd) and estimates dfow thesanctionsvi | | af f ecotomidRu s s
development(Chapter3). An assumption is madethat the technical level of production
capacities willbe slowly changng by limiting the old capacitiephase outo 0.5% per year and
upgrading1% of the remainingcapacity per yearThe commissioning of new capacits
determined by the growth in output and thBrement of thexistingcapacity Both thesefactors
setsignificantrestrictions
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An assumption is made thatnew capacities are built to meet at best the BPT (best
presently practical technologies) or the B& Available in Russia Technologies (BART)

level. In termsof exports it is assumedhattheywill reboundoy 2031to the2021level and then

are fixed on this level for a number of basic materials, such as iron and steel and cement, t
2060, and foothers, such as pubmdpaper chemicalsaluminum, it grows byL% per year.

4S scenario assumes, that hydrogen use for DRI production will start in 2031 to progress base
on additional steel capacity demand and {PRI cost competitivenesgsmmonia expor for
feedstock and energy uses in addition to the traditional use for fertilizers production will start in
2040 from 1Mt capacity and double in 2060. The split for SMR angbBised technologies is
based on the costs assuming that no subsidies will hedptbto support Hbased ammonia
production. Ammonia production via SMBCS cycle will start in 2042 and DRktural gas

CCS production will be launched in 2031 with a subsequent scale up based on comparativ
materials costs competition.

The evolution of the capacity age structure in 4Sis slow, however, many of the existing
obsolete facilitieswill have to be replacedand/or deeply modernized before 206Q(Figure

595 . The 2020s6 economic <crisis and relat
accompared by reduced access to capital impedes capacity additions and the modernization o
the capacity in place forcing business to run old, uncompetitive, and inefficient technologies.
The reliance on seBufficiency in 4S scenario provokes two questions:

1 whether Russian equipment manufacturers and/or suppliers from countries, which did not
impose any sanctionwill be successful in supplying sufficient amounts of kagiality
equipment to replace the obsolete capacities with expired service life?

1 which techwlogical level (BAT, BPT, BATR) will these capacity additions have and how far
will this technologicalevel be behind the best available technologies?

Two decadesi the 2020s and 20308 which have the crucial role in accumulating the
know-how and developing skills related to the application of industrial technologies with
high GHG mitigation potential may be wasted Path dependence when future emission
trajectories aréletermined by the investment decisions taken in thei pasty impede emissien
decline close to the midentury if nevly commissionedr modernized industrialapacitiesare
not up to theBATs and sahigh carbon intensities may be lockiedfor the decades to come. By
2060, nearly all industrial capacities are to be either newodemized.

The decades 6l ostd in terms of technol ogi c:
the 2020s and 2030s stranded (suffering from unanticipated and premature rigtuffs) in

the 2040s and 2050sClimate regulation will further develop worldde with a wider
geographical and producbverage of CBAMike mechanisms blocking access to the global
mar kets for highly carbon intensive product
30 and 60 years, therefore, if highly carbon intensmeacities are commissioned in ®@20s

and 2030s¢hey may become stranded well before their lifespan expires.
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Figure 5.5 Production capacity structure in ~ 4S scenario
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After a rebound to the 2021 level in 2032032, asic materialsdemand in 4S scenariois
expected either to staynearly stable (steel and cement) oslowly grow (pulp and paper,
chemicals and aluminium) (Figure5.6). The products structure for integrated industries, like
iron and steel, will be slowly evolving to 2031, and then, as the age capacity structure evolves
the penetration of new technologies by 2060 will be captured in structural changes across th
supply chainsThese structural and technological changes are expected to be much behind th

global regions.
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Figure 5.6 Basic materials production in 4S scenario
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In 4S scenario, Russian industry has a long way to go to attain the astro GHG or net
zero carbon status by 2060 (Figures.7). Industrial GHG emissiondgn Russia will be 19%
down in 2031 drivenby the economic crisis and later kgchnologicalchange as new and
modernized capacitiesill be commissionedn a large scale, and wilkach 42% othe 2021
levelin 2060. Overaldecline over2021-2060 foru [ direct combustionrelated emissions will
be 64%, for CHs 63%, for NO 43% ard for indirect CQ emissions50%. CCS is used on a
limited scale in steel, cement, and ammonia production and will reach 22.5;Nd4C2D60.
Sinks in urea production will stay mostly unchanged. The sponge effect in concrete structures
allows for a capturef nearly 26 MtCQ, which is more than the CCS contribution. Carbon price
in 4S will reach 30 $US/tCOproviding a limited impulse for largecale low carbon
technologies penetration.

Slow decarbonization in the Russian industry in 4S scenario impedes access to the
international markets for traditional Russianbasic materials, because global economy is
becoming less carbonantensive plus beyond 2023il and gas revenueswill be steadily
declining. This leaves no chance for @ynamic reboundof tr adi ti onal ma |
isolation from the global supply chains and its selfeliance for the manufacture of new
product s wi || b | pereetkationt o eemergingu mlliomsyofédsllars-worth
markets outlined in Chapter 4. This will squeez Russia out ofthe global economyand

halve its ontribution to the global GDP (Chapter3). At this stage, carbon intensities of many
Russian basic material s, whi ch dom3),megue i n
close to thoseni the EU and worldwid&?? But lagging behind in the decades to come will
drastically widen the gap, especially in t@20s and 2030sSlow economic progress to 2060

142 Bashmakov I.A. CBAM and Russian exmortVoprosy Ekonomiki. 2022;(1):9009. (In Russ.).
https://doi.org/10.32609/004873620221-90-109 Bashmakov, |. et al., 2021a:CBAM: Implicationsfor the
Russian economgenter for Energy Efficiendy XXI. Moscow, Russia, 22 pp.
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will make it highly challenging to bridge this. There are decades of evidence that integrat
the global supply chains always drives technological progress stronger, than a closed commar
economy can ever hope to drive it.

Figure 5.7 GHG emissions from industry in  4S scenario
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5.3 Transport

In 4S scenario transport faces declining demand determined by both freight and passenger
transportation drop coupled with reduced supply of cuttingedge transport equipment(due

to the ban on the imports of new vehicles and parts; extended lifetime for already operating
vehicles along with the growing amounit out-of-serviceunits, lower rates of fuel efficiency
improvements for fleet additions and thus to overall fleet, and less active policies to promote low
carbon equipment, such as PHEV and BEV, and to supporteéhsdewards less GHG intensive
transport modes.

Recently, the share of imported LDV and trucks in new sales used te1824,5and about 5%

for buses. For many years, localization of transport equipment has been in the focus of the
government, but onlyimited progress was achievétfin 2017, only 29% of LDVs were
produced based on Russian automobile platform designand the level of localization for the

143 Automobile sectordevelopmenstrategyof the RussianFederationto 2025 Approvedby the RF government
decreeof April 28, 2018 No. 83Lr.
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whole industry was limited to 60% (vs. 40% in 2008); for trucks to only 25% (vs. 10% in 2008).
The dare of imported ICEs is 26% (vs. 2% in 2008). The new sanctions have ruined both
automobile imports and local production (lack of components), and new LDV sales can be
expected 3r0% down to 604,000 thousand in 202Zhe lower end of the range is more
likely. This is 2,54 times less, than the amount sold back in ZBO00. Therefore, in the years

to come the number of cars with expired service life will significantly exceed new sales leading
to a temporal reduction in the car fleet.

Another problem is equipment maintenance with poor supply and higher costs of
components.This will negatively affect the ratiof technically sound vehicles and the average
millage. This may affect, for example, the number of electric buses in service in Moscow. The
share 6 electric vehicles in the fleet was expected to reach 5% by 2025. Their penetration rate
was lower, than planned, and reached only 0.03% in 2021. Due to the declining costs anc
persisting support policies (yet limited by financing demand to promote pgaerjr some
progress with the intake of PHEV, BEV, and-giiwen vehicles is expected, but much delayed.

Russian aircraft industry, highly relying on the imports, was also severely hit by the
sanctions As stated by the RF government:

AiLow per f the domestc eivil airtraft industry is determined by long development and
manufacture cycles for new aircrafts; insufficient technical performance in a highly competitive
environment; poor aftegsales maintenance, technological marginalization in a nuofoareas,

as wel | as fANinsufficiently effective action
promote Yircraftso.

The recent revision oft h e g 0 v e aireraft eindwsdysdevelopment strategy was
supplemented with the following

In recent wars, foreign sanctions have become a negative factor for the development of the
Russian aircraft industry leading to restrictions in terms of critical technologies imports,
decreased possibility of purchasing foreign components, materials, and equigiglentliance
on imports of the domestic aircraft industry has led to delays in the development of, or failure to
develop, new aircraft technologies and equipment.
New sanction packages have made the situation much worse, and the go&takdigs which
is 30% of PMT in domestic flights by Rsianmadeplanes by 2030, has become unrealistic. To
continue moving in this directionhé RF Ministry of Industry and Tradeas developed 1.84
trillion of rublesworth project aiming to manufacturéicompetitiveproductsin the arcraft
industryd to produce735 new civil aircraft(preset fleet is close to 7 thousand). Financial
problems and unavailability of financing options will hardly allow it to raise this money though.
Therefore, domestic aviation is expette face severe problems with the availability of the fleet
in service.

Equipment for other transport modes (rail, pipeline, water, urban electric) is expected to face
similar problems: lack of new additions and poor technical condition of the vehigiesce as

their service life expires and appropriate maintenance cannot be provided for the lack of
imported parts.

The most important effect of 4S scenario for freight transport is thereduction of activity

on the whole time horizon b 206Q In 2060, freight turnover per unit of GDP will be 45%

below the 2021 level.This is not a new phenomenon:ie 1991 level of freight turnover was

back only in 2021. The 2021 level is not expected to be reached®060.While in 20222031

the reason is mostly the efteof the sanctions and decline in industrial activities, especially in
bulk materials production, beyond 2031 and especially 2045 this will be determined by the
decarbonization of the global and Russian economy and resulting reduced demand for fuel
trangortation (which currently dominatés67% of cargo) and stabilization of, or slow growth

144 RF GovernmentDecreeof April 15, 2014,No. 3 On3he d@pprovalof the RF nationalprogrammefiAircraft
I ndust ry D(withareadments s obDecember 7, 2021).
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in, global demand for basimaterials (Figure 5.8)it will be only partly counterbalanced by
longer transportation distances, as freight is shifted eastbound. mRagport will be
strengthening its position to 2025 and then will maintain it till 2060e decline in fuel
(presently 48%) and basicaterials &nother 38%transportation by railroad will benly partly

offset by growingtransporation of finished prodats. Oil pipelines are losing it out to natural
gas. The role of Russiab6s road transport i
world and willcontinuedeclining

Figure 5.8 Freight turnover by transport modes in 2000-2060 in 4S scenario
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Following personal incomes decline, personal mobility andgssenger turnoverwill drop by

2025 and then grow very slowlyto 2060 never reaching the preCOVID 2019 level. The
evolution ofpassengemobility depends orthe changes in real incorseandlifestyles (Figure
5.9).The slope of this incomériven function is relatively stable interrupted by flips and flops in
personal incomes after 2013. Therefore, moderate increment in mobility is a result of a
continuous and deep decline in personal incomes. As population idystesdining and aging,
overall demand for personal transport grows even slower, than personal mobility. Despite some
shift towardspublic transportits turnover never gets back to the 20&@el which, in turn, was

15% below 1991. In 2060, the sharecafs in passenger turnover (58%) will exceed that in 2019
(55%), but the ownership structure shifts towards taxi, company cars, and carsharing, while the
share of personal cars shrinks from 46% in 2019 to 40% in 2060.

Figure 5.9 Passenger turnover by transport modes in 2000-2060 in 4S
scenario
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Russians willhave fewer cars, which, in addition, will be continuoushaging to become less
reliable and lessfuel efficient. The share of imported secondhand cars is expected to grow.
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In 4S scenarioroad transport fleet (at least the technically sound part of it) will be falling down
by 2030 as the sales of new cars will be much lower compared to those with expired service life
(added to the fleet 180 years ago). Therefore, the size of the 2021 n@adport fleet (over 60
million) is an absolute peak. Russian experts had expected road transport to peak muah later
203520407 and at a much higher levielabout 75 million**® However, the LDV fleet peaked in
2022 at 49illion (Figure 5.10)thenalso fell down and stabilized, as its evolution is restricted

by low incomes, lack of new cars supply, and a continuous shift towards more intensively usec
cars, such as taxis, company cars, and carsharing. In this scenario, new sales are expected to h
lower fuel efficiency compared with other countries, and the overall fuel efficiency will be
improving slowly, as the fleet will be aging and the service life will be extended beyond normal
levels.

Fleet structure by power train will be slowlyevolving towards less carbon intensive models

but in this race, Russia will be lagging far behind the technological leader§incelocally
produced or imported from China or elsewhdtelEV and BEV are winninghe costs
competition fromlCE (Figure 5.10), thewill penetratethe Russian market. According sbme
estimates PHEV and BEVwill becone competitivein Russiaby 203%2036. The Russian
governments providing supporfor the development of the charging infrastructure, free parking
for EV, reducedor even cancelled EVehicle tax ratefree use oftoll highways, settingi z e r o

e mi s si o mwih azbannferICEvehicles.In 2021 the RF government projecte@17
thousand domestically producedelV, 8573 slowcharging stationsand 5815fastcharging
statons4® There were plans to set minimuraquirements for caproducersand importersn

terms of the EV share total saleeffective from2029 In addition, there are policies in place to
promotecompressed gadriven vehicles to expand local natural gaarkets. These policies and
those under development, as well as better economics of low carbon vehicles and a carbon te
for fossil fuels will bring the share of CNG gdsven vehicles to 19%, PHEVs to 16%, and
BEVs to 29% i n 2 0@®dcenario,iMMoscawAuta@mahild andcRoad iTdchnieal
University expected the share of EVs to reach 77% in 2050, and Petromarket expected EVs t
reach 100% in new sales by 20%50In 4S, it is expected to reach 50% in 2060.

Figure 5.10 LDV fleet by power train (a) and cost of car ownership (b)
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Source: CENEXXI .

Transport activities decling along with slowing down fleet modernizationstrongly relying
on domesic cars production, will slow down fuel efficiencyimprovements and deployment

145 Center for Transport Innovations, LLC. BfiresearchpaperfiSciencebasedprojectionfor automobilesector
adaptationto expectableimplications of climate changeand potential decarbonization scenarios in the Russian
Federati o,2@021. Moscow

146 The conceptof electricroadtransportdevelopmenandusein the RussianFederatiorto 2030.RF Government
DecreeNo. 2290r of August23, 2021

147 Center for Transport Innovations, LLC. BriefsearchpaperfiSciencebasedprojectionfor automobilesector
adaptationto expectableimplications of climate changeand potential decarbonization scenarios in the Russian
Feder at i on2®2l Pdfronsakai 2021. GREEN REVOLUTION IN EUROPE IMPLICATIONS FOR
RUSSIA. Partl. Road transport. Moscow, June 2021.
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of low carbon fuels by all transport modes. The SECs were growing in 20@D21 for
railroads, urban electric transport, internal water, and oil pipelines. Every year, theilfléet
replenished with smaller amounts transport equipment, which widdzedfficientalbeit locally
designed and produced, while the service life of the remaining cars will be extended at the
expense of lower efficiency and reliability and lovegrality service. All these factors will halt

fuel efficiency improvements in aircraft, rail, pipeline and urban electric transport.

Total energy consumption by transport in 4S scenariowill be halved in 20212060
dropping from 148 to 73 Mtce (Figure 5.11)Road transport will maintain its dominance, while
the energy use will shrink fro®l to 37 Mtce The former number is the absolute peak. Energy
use in the aircraft sector will be 22% down, in railroad 43% down, in gas pipeline 34% down.

In 4S scenario, GHG emissions from transport already peaked at 28 million tCO 2eq. in

2018 and will be steadily declining to L3 million tCO 2eq. in 200. The share of fossil fuels in

the transport energy balance will be moderately declining from 91% in 2021 to 80% in 2060.
Therefore, GHG emissions adjusted for the declining carbon intensity will follow the energy use
pattern. Indirect emissions also peaked in 2018 anii®n tCO.eqand by 2060 they will be
halved to 16million tCO.eq Road transport continues domimgt GHG emissions (Figure

5.11). Newrealities ancemerging trends make it possilfilst to stopGHG emissiorgrowthdue

to activities reduction and then to reverse it against the background of slow economic recovery
and a limited progress in transport déxcarization

Figure 5.11 Energy consumption by transport in 4Sscenario
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5.4 Buildings

In the coming years we should expect decline in housing construction. The sanctions will
negatively affectresidential construction(growing mortgage rates, decigag household
incomes andpoor access tdoan financing for construction companies rising costs of
construction materialssupply restrictons for constructionand housingequipment etc). The
Russiangovernmentwill have to make a substantial effort stabilize and gradually restore
housing constructianThe availability of living space willbe increagng not only through
housing additionsbut alsahroughpopulationdecline.

The plan is to gradually strengthen energy efficiency standards for new residential and

public buildings on the 2028time horizon: specific energy heatconsumption should be

35% down from the basdine. RF Ministry of Constructio® s d r a fOn approvel eofr g
energy efficiencystandardsfor buildings, structuresand facilitiesand Rules forspecifying
energy efficiencyc a t e g gets a Ridyoft schedule fetrengtheninghese requirements. In

4S scenarigthe taget parameters of this document ared urtil 2060. The assumption is that

the share of buildings with low energy consumption doassivé b u i Willbeé insgrsficant

due to the rigg constructiorcoss.
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In 4S scenariq energy efficiency ofthe apartment buildings in place will be dedining. In
the recent years, lhe share of capitalretrofits associated withenergy efficient projects has
not exceeded).15% of thetotal residential floor space In the coming yearshis sharemay
significantly decrease due terise in materials and equipmeststs*® and because a decline in
real incomes makes it hardly possible to increase the price of capital refPafilc subsidies
for energyefficient capital retrofitsare canceled ash are not consideredn this scenario These
trends willresult ina continuousdeclinein capital etrofits which will yield only smalenergy
saving. The assumption is that ony/ package of measures with low energy efficieeftgcts
will be implementd in this scenario

The sanctions might much less affectthe energy controls market due to the highocal
content of energy meteRussian manufacturemseet85% and 77% oélectric and water meters
demandrespectively*®. The ramaining amountsre mostly imported from countries that have
not introducedany sanctions. Tis scenario assumes a further increase inatheunt of meters
and controls in place.

Another assumption is a total phase out of incandescent lamps B®35.The local content of
LED-lamps isquite high.While there is a rislof restrictions forcrystalssupplyfrom Taiwan, it
is not very highfor there are manyanufacturers in China.

Heat pumps production is establishedin Russia (Henkand Smagacompanieshave their
factories), yet all of the components areimported from the West. One can hardlgxpect that
component production can lestablislked in Russia in the shet¢rm.In the distant futureheam
pumpsproductionwill be based omlomestic componentnd/or imports from theountries that
have not imposednysanctionsTherefore4S scenario assumksv heat pumpsleployment

A substantial part of the heating boilers and water heateraisedin buildings are produced
abroad or using foreign components.The sanctionsmade somemanufacturerdeave the
Russianmarket and their place maye eventually occupied by domestic and/or alternative
supplies (including parallel imports). However, tmsay result ina decrease ispaceheating
and water heatingfficiency. This factorwas taken into accoumvhen gecifying prospective
efficiency levels.

It will not be possible todmport dthe energy efficiency of appliances on the previous scale
becausethe sales ofappliances, especiallyf energy efficient applianceswill be decreasng

in the coming years.Then a slow recovery atlawer technical levekcan be expected through
imports substitution. The situatiom theappliancesnarkets willdependon the reliance on the
imports of componentidom the countries that have imposed sanctions. The shaii@/asets
produced in Russia wittlifferent local contenis 80%,0f monitorsis 35%, of washing machines
is 90%), of refrigeratorss 90%'°°. At the same timefpor some positionslomestic manufacturers
complédely rely on imported component&nly imported compressors are used frigerators
and freezerproduction and 32.4% ofhe compressorssed to bémported from the E&L. A
similar situationis observedn the washing machinenarket wheredomestic poducersalmost
fully rely on imported engines and electronic units.

The use of renewabls in buildings and transformation of Russian households into
prosumers will be develogng, even if at a slowerrate. In Russia, highlocal content
requirementare set fossolar and wind powerplangoduction In the Russian markethére are
both domesticmanufacturers anthosefrom countries that have not imposady sanctions
(China, etc.).

1481n April 2022, the prices are 31% above the lasteyr 6 s | evel . https:// www. inter
149 https://lenta.ru/news/2022/06/07/schetchikil.

150 https://www.vesti.ru/finance/article/2703623.

151 https://holodcatalog.ru/entsiklopedii/obzeranalitika/rynokkholodilnogeoborudovaniyav-rossii 2022/
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In this scenario, dter a continuous s$abilization in 2000-2020, residential energy
consumption will be 24% up from the 2020 level by 2060 (Figire 5.120) to reach 170
million tce By 2060, @ergy consumption per sig.m will be down t016.3 kge for new
buildings andto 24.1 kgcefor existing buildings (Figre 5.128. Average energy consumption
per1sqg.m will be32% down by 2060and average energy consumption $paceheatingwill
be 24% down (Figure5.129. Space heating W keep dominatingn the structure of energy
consumption74% in 2060 (Figre5.129.

Figure 5.12 Residential energy consumption in 4Sscenario
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Direct GHG emissionsfrom residential buildings will slightly increase in the short term,
and thenwill drop to 77 million tCO2eq. by 2060(Figure 5.13. Unlike in other sectors, the
decline in housing construction in the 20208l not terminate the floorspacand energy
consumptiongrowth However, as energy efficiency and electrification of residential buildings
areimproving even ifslowly, andindirect emissions from electricity and heat ase declining,
overall GHG emission will be going dowNatural gas consumption for space heating, DHW,
and cooking is responsible fohe larger partof direct emissions. GHG emissions from the
combustion of other fuels (codlNG, etc.) are small and wilbe also going down Specific
direct GHG emissions wiliropto 10.8 kgCO2eq./rhof total residentiafloorspaceby 2060, or

by 45%. Ultimately, cumuktive (including indirect) GHG emissionswill be downto 328
kgCO2eq./mMm by 2050, or by B%.
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Figure 5.13 Evolution and structure of residential GHG emissions in 4S

scenario
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5.5 Waste

A limited set of measures in the waste sector allovitsto freeze GHG emissionsto 2030 at a
level close tothat in 2020 with a subsequen®% decline. The waste sector will be suffering
from the shortage of technologiesThe following assumptionsvere made The volume of
combustibleunsortedMSW will not changebetween2020 and 2030. All phasedin wasteto-
energy plants will keep working. Fiv@ore wasteto-energyplantswith the total 3.35 million
tons/year capacity wilbe commissioned for sorted MSW. Tdegreeof MSW sortingwill be
growingto reach100%in 203Q Deepsortingwill reach44% throughseparatavastecollection
OtherMSW will undergaosuperficialsorting The methangyroducedwill beburntatall landfills
only in the territory of Moscow and Moscow Oblastrequiring efficient degasificationfor the
reclamation of most landfills in Moscow oblast. Assumptionwas made that resource
efficiency andwasterecyclingtechnologiedor pulp and paper textile, leather food, and wood
industries as well as for construction and agriculture, will bring down solid and liquid waste by
1% per year to 50% below the initial lev8y improving the efficiency of centralizedaerobic
wastetreatmenfacilities, the degree of anaerobicity can be reduced by 1%epe.

The major driver for wasteelated emissions is generation of MSW, which is the function of
population size, income level, and waste collection, sorting, and treatment technologies. The firs
two factors will stay below the 2020 level until 20Figure 5.14). The decline is not as deep as
back in the 1990s, so emissions will not decline till 2031. Beyond that the population will
continue to decline, while incomes will be slowly growing. Ultimately, steadily but slowly, new
technologies uptake Wiallow it to reverse the emission growth trend which manifested in-2000
2020.
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Figure 5.14 GHG emissions from waste in 4S scenario
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5.6 Agriculture

In Russig there are no long-term models to assessthe prospective evolution of GHG
emissions from agriculture, nor there are any longerm agriculture development
programmes. Therefore the ENERGYBAL-GEM 2050 model has a simplified calculation
block to obtain such estimates. Ftire agricultural sector, GHG emissionsfrom animal
husbandry and crops production. Thalculationsaccuracycould be improved through a
thorough analysis of livestock population and fertilizers demand and of other parameters
involved in switching to alternative diets andzeanmental friendlier agricultural technologies.

The larger part of GHG emissionsfrom this sectorinclude livestock enteric fermentation
and emissions from agricultural lands (mostly from nororganic and organic fertilizers).
The contributionfrom other subsectorsis only moderate. Aftethe GHG emissionhalvedin
19902000, agriculturalemission practically stabilized. Howeyer growth trend formed after
2007 (Figure 5.15). Overthe recent decade emission from livestock enteric fermentation
showedpractically no change, while emission from agricultural lands has grown up.

Only one scenario for agriculture was considered, which assumes that the 260820 GHG
emissions growth trend will be reversed through a package of measures from both demand
and supply side.Supply sidemeasuresvill aimto reduceGHG emissiongrom livestockenteric
fermentationand indirect emissions from agricultural lands and N20O emissions from manure
management. Demarsidemeasurescludediet controlandreductionin food waste

One key measureto reduce livestock enteric fermentation is to replace low-yielding breeds

of dairy cows with high-yielding ones and to reduce the pidivestock. N20O indirect
emissionsfrom agricultural lands can be attained through measuresaiming to reduce the
leachingfrom soils of nitrogen broughtin through mineral and organic fertilizers, including
more accurateaccount of soil&climate conditions; better application timing and watering
regimes; application of slowcting mineral fertilizers; comhbag soil erosion and deflation; etc.
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Figure 5.15 Evolution and structure of agricultural emissions in  4Sscenario
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If agricultural emissionsare to move down from peak, it is important to implement
demandside measures including food waste reduction and alteration of diet. In Russia
food wastecanbe estimatecdat 20-30 million tons. Onaverageit takessome20 kg of fertilizers
to producel ton of food!®? If food wasteis halved fertilizers uptakein Russiacould be 0.4-0.5
million tons down (45%). TheCommittee on Climate Changstimatesthat 20% reductionin
food wasteand20% reductionin the consumption of cattle meat and dairy prodwdsald bring
agricultural emissions5P6 down!>® New food technologies such as cell-basedfermentation
cultivated meat or plantbasedalternativesto animal products can substantially reduce GHG
emissions in addition to reducing land and water demand.

Bringing down the share of food products with a high carbon footprint (as carbon
footprint estimation and reduction practicesdevelop)and replacement of some products
with their alternatives, for example, replacement of beef with poultry meat, could become
important directions for GHG emission reduction. Reductionin the consumptionof carbon
intensive agricultural products along with higher crops yields could take large areas from
agricultural use and eventually turn them from a source into a sinktidnal approachand
reducedmeatand dairy consumptiorcansubstantiallydecreasehe cattle populationandreduce
GHG from livestock enteric fermentation wastewater, manure management, manure use in
pastures, and will clear out pastures and territories taken by forage éropsbstantial
reforestationpotential can be tappedby reducingthe pastureuptake throughimproved beef
production efficiency and reduced beef share in the'tfiet.

Diet control may be more effective, than GHG emissions mitigation in agriculture. 15°
However, becauseof a substantial diet patterns inertia, this option is less realisticA decline
in the consumptionof carbonintensive agricultural productsand reductionin their carbon

152 Material Economics. (2019). Industrial Transformation 2050: Pathways {pen@temisisons from EU Heavy
Industry.

153 UK Committee on Climate Change. July 20R&ducing UK emission2019 Progress Report to Parliament.

154 Ritchie, H., ReayD.S. and Higgins, P., 2018. The impact of global dietary guidelines on climate change. Global
environmental change, 49, pp-86.

155 Popp A, LotzeCampen H and Bodirsky B (2010). Food consumption, diet shifts and associatéDaon
greenhouse gases fromgricultural production. Global Environmental Change 20(3), i462. doi:
10.1016/j.gloenvcha.2010.02.001; Bajzelj B, Richards KS, Allwood JM, Smith P, Dennis JS, Curmi E and Gilligan
CA (2014). Importance of foedemand management for climate mitigatioratide Climate Change, Nature
Publishing Group 4(10), 92829. doi: 10.1038/nclimate2353; Smith P, Haberl H, Popp A, Erb K, Lauk C, Harper
R, Tubiell o F N, de Siqueira Pinto A, Jaf ari M, S
Ahammad H, Cld H, Dong H, Elsiddig E A, Mbow C, Ravindranath N H, Rice CW, Robledo Abad C. How much
land-based greenhouse gas mitigation can be achieved without compromising food security and environmenta
goals? DO110.1111¢ch12160.
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footprint'>® canbring down GHG emissionsrom all sources in the agriculturakctor and might

also affect other sectors, such as energy sector (by reducing fuels, power, and heat demand a
by substituting fossil fuels with biog&9$), waste sector, and LULUCghrough the transition of
released territories into other categories)

In this scenarig GHG emissionsfrom agriculture appearto have already peaked, and will
be declining to reach100 Mt CO2eq. In mostcasesimproving the efficiency of agricultural
productionand reducingfood waste do not incur any additional spendingctsinvestments
paybackfairly quickly. Where the costeffectivenessis improved in animal husbandry the
emissionsare more than 50% down. Nearlyall of the measureaiming to stabilize or reduce
GHG emissiondrom agriculturepay back even net of ttidimate effect.

5.7 LULUCF

2F (Forest First) is the pathway to carbon neutrality favoured by the Russian Government.
It implies a large additional sequestration in LULUCF (by adding 665Mt CO 2eq. of net
sinks in 20192050), while emissions reductions in othesectors will be moderate {289 Mt
CO2¢eq. reduction in 20192050)1°® Russian mitigation policy is based tre hopes that itwill
be possible to provide scienrbased evidencéhat currentnet sinks in LUIUCF are highly
underestimated and that in reality they are much largercandbe substantiallgnd cost
effectively scaled up bthe mid-century.At the same time, it is recognized that the scaata
on CQ flows in natural systems is a wegkoundfor the Srategy. Looking b lay downa more
solid scientific basis fothese aspirations, in 2022 it was decided to alloleatge resources to
support extensive research in this direcfiotiThe Russian Low Carbon Development Strategy
to 2050 buildson the assuntn that net sinks in LULUCF cape up to reacli,200 MtCO2eq
by 2050.

The goal of theRussian Low Carbon Strategyi to more than double net sinls by 20507

looks extremely ambitious.While Russianforestsare huge the countrydoesnot havereliable
dataon their qualitative and quantitative characteristics. Therefthe role of the LULUCF
sectorin theimplementation of the carbon neutrality strategy is the least deffeszbntirends
show®%that:

1 net CQ emissions from LULUCF were 150 Mt CO2 down201062020: from 754 to 604
Mt CO2;

net CO2 emissions from only forest lands were 133 Mt CO2 down: from 782 to 649 Mt CO2;

carbon sink in forests has stayed about stable since 2009 and thedvsrsd territory has
been stable since 2005;

1 net sink in foests is declining driven by CO2 losses. This decline equals 140 Mt CO2 in
20102020;

1 carbon losses have been steadily growing since 2005 resulting from clearcuts and forest fires
for which there is a clear upward trend reachifigMhalyear in the recegears.

1 as a result, net sinkeduction in LULUCF contributed 79% to the total net GE@ission
increments in 2012020 and exceeded 100% (owdfsetting the reductions in other sectors)
for total CQ-only emissions increment.

156 MethaneandN20 emissionslominatein manyagriculturalactivities while CO2 emissionsarenot significant

157 Accordingto the dataavailable biogasplantsin Russiagenerated 22 min kWh in 2020.

158 RussianLow CarbonDevelopmenStrategyto 2050 RF GovernmenDecreeNo. 3052r of October29, 2021

159 The most important innovath project of national importand@Jnified National Monitoring System for Climate

Active Substances

160 National Inventory Report of the Russian Federation on anthropogenic emissions by sources and removals b
sinks of all greenhouse gases not controlled by Montreal Protoctd®@i 202Q Partl, Moscow 2022.
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Extrapolation of these treadfor 20502060 sets LULUCF net sink decline baseline, against
which the LCS goal for LULUCF net sinks looks even more ambitious.

In this paper, evolution of net emissions in LULUCF was estimated as the additional net
sink demand (LULUCF plus) to attain cabon neutrality in 2060. A CO: net sink baseline

was set for 2022060 as extrapolated declining trend which forrme@0132020. It scales net
sinks down to 115 MtC®in 2060. These baseline values wdedlucted from the emissions
remaining in the othesectors. The residual is an additional net sink fop-6@y i LULUCF

plusi needed to get net zero balance to ensure carbon neutrality inT2@6QULUCF part of

the Russiamationalinventoryis basedon the ROBULmodel*®* However, there are alternative
estimates as welf? Only recently the participants of vibrant debates turned to the discussion of
information availability and reliability.

Net LULUCF sink includestwo parts: baseline trajectory and additional net seqestration
required to attain carbon neutrality by 2060. The first one extrapolates declining net 3k

trends formed in 202020 to 2060. It will be down to 115 Mt GQue to theincreasng
average age of forest stanal®ng with decreaimg carbon sequestratidfi® Similar dynamics

was revealed by applying the Canadian mo@BM-CFS3%4 This agrees with the earlier
projections obtained using the ROBWIL model!®® which were based on the hypothesis that as
Russian forests mature, net sinks are decliffegduction in Rusian forestarbon sink is a
natural processTotal carbonstockin all pools continuesto grow, yet the growth rate (annual
increase) is continuously declinif®f. Proactivemeasuresire requiredevento merely maintain
carbonsinks in the Russian forestShe second LULUCF net stock component is estimated as
the amount required to capture emissions left in the other sectors less the first component. |
shows how much additional effort is required for LULUCF to attain net carbon neutrality in
206071 not aginst the 2019 net sink level, but compared to the steadily declining sequestration
baseline.

161 Developedoy Centerof ForestEcologyandProductivity, RussianAcademyof Science

162 Accordingto spacemonitoring dataaverageannual carbon balance in forest phytomass was 292.6 million tC (or
1,072.8 million tCO2eq.) irR0052015. Bartalev C.A. Recentcarbonbalanceestimates for Russian forests as
obtained through remote sensing. Russian forests: sustainable forest use atel altiamge resilience webinar,
World Bank and Centerfor sustainablenatureuseof the Geographylnstitute of the Russian Academy of Science.
April 7, 2021.

163 ZamolodchikovD.G., GrabovskyV.l., Korovin G.N., GuitarskyM.L., Blinov V.G., Dmitriev V.V., Kurz V.A.
19902050 carbonbalancein Russianmanagedorests retrospectiveestimatesand projections Meteorologyand
hydrology 2013.No. 10,pp. 73-92. Supplementeavith recentestimatedy D.G. ZamolodchikowsingROBUL-M.

164 ZamolodchikovD.G., Grabowsky V.1., Korovin G.N., GuitarskyM.L., Blinov V.G., Dmitriev V.V., Kurz V.A.
19902050 carbonbalancein Russianmanagedorests retrospectiveestimatesand projections Meteorologyand
hydrology 2013.No. 10,pp. 73-92; ZamolodchikovD.G., GrabovskyV .l., Kurz V.A. Carbon balance management
for Russian forests: the past, the present, and the future. Sustémaeblmmanagemen014.No. 2. Pp 23-31.

165 ZamolodchikovD.G., GrabovskyV.l., ChestnykhO.V. ROBUL-M as a new tool for forest carbonbalance
projections Russids forests policies industry science and education. Proceeding$ the secondinternational
scientific and technical workshop. VolurgeSt PetersburgSPbGLTU 2017.Pp. 125128; ZamolodchikovD.G.,
Ivanov A.V. Retrospectiveand projectedcarbonbalancefor Primorsky Krai forests Agrarny vestnik Primoria
2018.No. 3.Pp. 62-65.

166 Forest sector developmentprojection for the Russian Federationto 2030 (UN Food and Agriculture
OrganizationRome 2012)specifies thatin all of the scenarioswood stockin the forestswill plateau before 2030,
i.e. wood stock increase will drop from the 26815 levels.
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5.8 4S emission pathway

5.8.1 Energy and fuels use

In 4S scenarig total primary energy consumption (TPES) peaked in 2021 at 1121 Me,
will fall down to 975 Mtce in 2024 to rebound to 1,030 Mtce in 2031 with a subsequent
decline thereafterdown to 80% of the 2021 levelA major decline is expected in industry and
transport. It will be partly offset by some growth in the services sector andnewsgy fuel use
(Figureb5.16).

Figure 5.16 Primary energy and fuel use in 4S scenario
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Energy efficiency does not contribute much to mitigation: in 2022060, GDP energy
intensity (non-energy use excluded) will be declining only at 1% per year on averagélith

an account of non-energy usethe decline will be 0.6% per year. GDP energy intensity
reduction shows an uneven evolution with some growth in -2023 followed by a decline,
which slows down with time, as the modernization demand and availability of more efficient
technologies are limited. Energy intensity in sectord subsectors varies in 262060 between
10-20% growth in fuel production and processing and nearly 50% drop in the residential sector,
but the dominant reduction will be close to one third of the 2021 level.

As RENSs, hydro, and nuclear power generationgrows, fuel consumptionwill be 25% down

in 2021-206Q and fuel combustion will be down by a third. Domestic natural gas
consumption will be 15%down to 448 Mtce, and gas combustion will drop by 22% to 330 Mtce.
Cumulative extraction will reach 23.5 trdl m? in 202%:2060, while 44.8 trillion ri are
required to maintain the 2060 production level. This is in excess of proven resources as reporte
by BP (37.4%%), so proven resources additions will be required. Liquid fuel consumption will be
44% down, and ¢juid fuel combustion will be 74% down, mostly due to transport consumption
decline. Cumulative extraction will reach 13.2 billion tons in 20260, while 16 billion tons

are required to maintain the 2060 production level. This is in excess of provencessas
reported by BP (14189), so proven resources additions will be required.

As RENSs, hydro, and nuclear power generationgrows, fuel consumptionwill be 25% down

in 2021-206Q and fuel combustion will be down by a third. i resulting from a switch to
natural gas, which is seeking to squeeze coal out of power and heat generation and from th
industry, as required by environmental regulation. Other solid fuel use, dominated by biomass
will nearly triple driven by larger uptake in boiler houses and iddizi heating units in the
tertiary and housing sectors. Hydrogen use in this scenario will be slightly over 1 Mt in 2060.
District heat is nearly stable to 2045 with a subsequent steady decline.

5.8.2 Emission trajectories towards net -zero carbon by
2060

In 4S <enario, Russia may reach carbon neutrality by 206@nly under the condition that

strong and effective policies in LULUCF are implemented to block the net sequestration
declining trend of the last decade and then to scale up LULUCF capacity substantiallp t
capture additional COz. Alternatively, LULUCF stock might be proven to bemuch larger

with no declining trend. Net emissions remaining in all other sectors (except LULUCF) will
decline to 800 Mt C@by 2060 Figure 5.17. To fully offset this declinenpet sink in the
LULUCF sector will have to be up from the present 605 to nearly 800 Mt @My about 200

Mt COs. If compared with the baseline set by extrapolating the LULUCF net sink decline trend
(down to 115Mt CO» by 2060), then net additional LULUECsequestration needs to be 685 Mt
COz larger, which will be higher than the current net LULUCF sequestration. In the Russian
Low Carbon Development Strategy, the LULUCF sector is expected to capture 1,20/t CO

or about 60Mt CO, above the 2020 leveind 1,085 Mt C@above the declining baseline. No
delay can be accepted for this lasgpale afforestation activity, as it takes time for the forest to
mature (10/ear or more) to a level when it reaches intensive sequestration. Therefore, in this
scenam, which is so greatly favoured by the RF government, the 2F path#wasest Firsti is

the dominant mitigation option leading to the net zero carbon goal. In the Sakhalin experiment,
LULUCF sequestration is the dominant option, but it is regpecific and can hardly be
expanded to the whole countryc#ording to Roslesinforg, Russian forests annually absorb up to
1.6 billion tons of CQ, or about 1 Gt C@above the value reported in the 2022 inventory. If this

is proved and accepted by the UNFCCC, it miean that Russia will reach carbon neutrality in

167 BP Statistical Review of World Energy July 2021
168 Bp Statistical Review of World Energy July 2021
169 Russian_Low CarbonDevdopmentStrategyto 2050.RF GovernmenDecreeNo. 3052r of October29, 2021
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20232024. The question about the LULUCF sink trend is still on the agenda. If these sinks
dynamically decline, then this decline will have to be offset by mitigation in other sectors.

Figure 5.17 CO2 emission pathway in 4S scenario
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2F pathwayi Forest First i as the Russian LTS pillar carries high risks of non-
compliance!’® Mitigation costs for reforestation projects are high, amounting to 37
$US/HCQ.1"! To capturel tC (3.7 tCQ), foress planted on 2.5 & have tdbe at leastl0 years
old. This means, that i&dditional800 Mt CQ need to be captured 2060, 540 Mhamust be
planted by 2060. According to Rosstat, theotal land areain Russia is 1,712Vha, total
agricultural land are222 Mha, forest land are871 Mha, and other larglare393Mha. So,even

if all agricultural landg, as well as other lands, are planted viiirests(which is not possible at
least in tundrg)it will still be not enough to lasob 800 Mt CQ If the forest part offThe most
innovative project of national importance and Federal Scientific technical progtémfied
National Monitoring System clatically active substancéscan prove that Russian forests
carbon absorption capacity is more than twice larger, and only 1 ha is needed toXamiuné
carbon still 216 Mha, or nearly as much as the toticultural land will be required to reach

170 Forest project@mvolve significant risks in terms of reliability and lostgrm results development. The potential of
forest projectss determined by whickpecific types oprojects will be legitimate. The most ceaftective type of
forest projects is the conversion of previously unmanaged forests into managed ones. Reforestation is the least co:
effective type of forest projects in the RF.100% of forest are considered managed land, the potential of forest
projects will drop significantly, and notall of the projects will becosteffective Theoretically, overgrown
agriculturallands withlimited infrastructure accessibilityave the best perspectivesénms offorest projects/forest
plantations. Carbon offset schense causing a lot afriticism. Offsesareb e i n g v imeving suin lausger®
while the Titanicis sinki n.d@rotkov V.N., Romanovskaya A.Azorest climate projects in Russia: opportigsi

and risks.Yu.A. lIzrael Instituteof global climate and ecology. CENEfXXI wo r k sRwss ida derm low n g
Carbon Development Strateipril 27,2021.

171 bid.
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net carbon neutrality by 2060. Forest firdseases and pestgake the outcome of afforestation
projects even less certain.

LTS needs more pillars to make a solid basis for the netero carbon pledge. In 4S
scenario, enission reduction in all sectors (egluding LULUCF), which is 870 Mt COz2 in
20212060 overweighs the additional net sequestration by LULUCF.It is three times the
reduction specified in the LTS for 2050.Evenin this scenarid with slow economic growth
and slow modernization in many sestdsee abova) it is expected to bring C{emission down
through a decline in fuel combustion and restructured production processes to redhlatetP
emissions. In many instances, emission reduction may be achieved at a negative cost. CENE
XXI estimaesshow thatin order toget a mitigatioreffect equivalent to @t obtained as a side
effect of heat and electricity savings yielded éwyergy efficiency retrofits of multifamily
buildings inKemerovo,forests must bglaned to coveran areavhich is 16-50 timesthe total
Kemerovo municipalityareawith emission reduction costs in excess of 37 $US#CO

Progress in energy supply decarbonization would give momentum to CQeduction in
sectors other thanLULUCF. Population dynamics drives combustimated CQ emissions

down (Figure 5.18). Slow growth in per capita GDP offsets this small effect leaving the emission
growing. Slowly, but steadily, energy efficiency improvements bring the emission growth rates
below zero. However, the impact of this facternearlyexhaustedclose to 2060 and carbon
intensity takes the lead in the decarbonization race.

Figure 5.18 Kaya decomposition of combustion -related CO > emissions in
4S scenario
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Fit for 60. Russian CQ and GHG emissions peaked in 2021. Russia is expected to be ahead
of the EU in cutting GHG emissions by 2030. Expected GHG emission reduction is 63%
and that for COzis 67% (Figure 5.19).In 20222023 RussianGDPis expected to b&2-14%
down, andnet CQ emissiongeduction willreach 10% or mor€&DPis expected toeturn tothe
2021 levelonly in 2031,but CQ and GHG emissionsiiv not get to the 2021 level. Subsequent
economic rebound will slow down, but not stop, the subsed@nemissions decline.

In the early 2020s,Russiais repeating the negative experienceof the 1990sby reducing its
GHG emissions through adeep activities(demand) reduction, which is the most expensive
Ami ti gat i ocosting 1d37t$USIt@Geq. Back in the 1990sRussiaalreadypaid the
highestever pricefor GHG mitigation i $400-870/tCQeq'’? While policymakers across the

2Bashmakov | . Costs and benefits of CJ[ WorkshopdSosts, on r
Impacts, and Benefits of CO2 Mitigatidon28-30 September1992. IIASA // Kaya Y., Nakichenovich N.,
Nordhouse W., Toth F. editors Laxenburg, 1993. 153474,
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globe are looking for a least costly pathway to attain carbon neutrality and trying to minimize
potential GDP losses, Rusdm going to bring down its COemission through an economic
crisis. Arguing for a weak mitigation policy, many Russian policymakers and experts express
fears that mitigation activities may slow down GDP groWthironically, mitigation policies

have never hampered economic growth in Russia, while pdtiggn activity declines have
yielded large emission reductions. Russ& learnedhow to reduce GHG emissionirough

GDP losseg(in the 1®0s and after 2022nd how tokeep emissions relatively stable with fast
(2000:2007) and slow (20062021) GDP growthOne thing yet to explore and learn is a pathway
thatensuesGDP growthandGHG emissionseduction.

Figure 5.19 GHG emission pathway in 4S scenario
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In 4S scenariqg Russiawill not attain GHG neutrality by 2060 GHG emission reductions will
reach 88% of the 1990 level. @@missions will get down to net zeit@Hs emissions will drop
by a third by 2060, whil&.O emissionwvill be nearly stable in 2022060 (Figure 5.20.

Figure 5.20 CH4 and N 20 emissions in 4S scenario
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173 Seethe discussionin Bashmakov. Low carbon development and economic growth. Neftegazovaya Vertikal,
No.19-20/2021
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5.8.3 Mitigation costs

In 4S scenario, investments in low carbon projects amount to 78rillion rubles . This is
twice below the investmats in fuels supply (169 trillion rubles ). Total investmentsn the
energy sectoequd 198 trillion rubles (Figure5.21). The ®sts for lowcarbon technologies in
the power industryotal to 20 trillion rubles Incremental capital investment in energy efficiency
is 37 trillion rubles. Investments in the LULUCF sectare close to 1trillion rubles. Total
capital eypensesn 2022-2060 amount to 247 trillion rubles in 2021 prices.

Figure 5.21 Total investments in 4Sscenario
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The share of investments in lowcarbon transformation (total investmentlessinvestment in

fuel production and processing)of GDP will be gradually decreasing from 2.22.2% in
20212025 to 1.51.76 in 2050-206Q Investments in theoil and gassector continue to
dominate, but their share will be steadily declining from 5.7% in 202&17% in 2060This will

release investment resources for the development of other sectors. The share of the Russian fu
and energyectorin investments in fixed assets is high. If we directly sum up Résstatafor
investments in the extractionpncentrationand processing of coal, oil and gas,power and
heatgenerationandin the transport of oil, oil products and gas, wi# get 5.3 trillion rubles in

2018, or 30% of the total investment. These estimates should be suppleméhtedpital
investments in wholesale solid, liquid and gaseous tuaiie andservicesrelated tooil and gas
production). In all, theabovecomponentsvill add another 700 billion rubles, and in general the
share of the fuel and energgctorin investmentswill increase to 6 trillion rubles (34% tdtal
investments), of which 5 trillion rublemrefor activities related tduels production, processing,
transport, distributionand trade. Shirov estimates the fuel and enesgy ct or ars s T
investments at 27%, amdth anaccountof indirectinvestmentat 41%. Theseinvestmentdave

low return on capital.

Carbon price in 4S scenariowill be 1 $USACC: in 2031, slowlygrowing to 30 $US/tCQ in
2060. It will bring 1.7 trillion rubles, or 0.6% of GDP. To some extentthis increase will
offset the reduction in excise taxes from liquid fuete by road transport. Therefore,
introduction of acarbon pricemay be fiscallynecessarylf carbonpricing mechanisms are
introducedto offset profit tax reductionsthe overalltax burden on businesses will not increase.
Thefunds collected througthese mechanisms (2€llion rubles mightbe used as keverage to
finance theidentified mitigation option (7&illion rubleg with the leverage ratio close to 1:4.
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64D 0 Development Driven by
Decarbonization and Democratization

Is the Door Back to the Global
Economy

4D scenarias based on economgcenario 3Chapter 3) witha deeper decline in the oil and gas
exports by 2027ollowed by only partial recoverythereafter ancenhancedTFP parameters
driven by democratization and competition with a more substantial role of market dfikiexs
scenari o assumes that aft er isBverstisesaactioss withbd i1 t
lifted or relaxed and Russiawill eventually regain some positions in the global value chains
beyond2030.The Russian government will recogniiee need for decarbonization in all of the
sectors in addition to thenportanceof increasing sinks in LULUCHnN orderto:

1 Reduceahe 2060 carboneutralitynon-complancerisks

1 Maintainfuels and basic materia¢xportsto the global and regional decarbonizing markets
wherelow carbon footprints beconing critical, while carbon price mechanisms undermine
the competiiveness of carbon intensiveoglucts;

1 Exporthigh-tech products and services emerging trillionsvorth low carbon markets (see
Chapterd). Theseproducts and serviceplaced at the end of value chaimgll be less
affectedby carbon prices, but they widlbtainfinancing and markets oniy they meetthe
requirements oémerging regional taxonomiasd eneusers

1 End up the 2020s break in modernizing obsolete and degraded production facilities in all
sectorsAfter it becoms clear thatthe self-sufficiencycariagehasturned into a pumpkinit
would allow it toavoid being lockedn for decade# outdatedcarbon intenise technologies
i less efficientand more expensivé that weredevelopedduring the decade ofeliance on
imports substitution;

1 Rely on lesscostly technologysolutions as it is expected tham the 2020sand 2030slow
carbon technologiewill become less expensive comedrto thetraditional counterparts
(RENs versus traditiongbower generation, ICEVs versus BVDRI-H2-EAF versusBF-
BOF etc).

These considerations will encourage Russia to implemeaictive decarbonization policiés
combat climate change and at the same time get the Russian economy back on the developme
track. To make this happen, new institutions will be needesim@cratization will develgpas

the role of the oil and gas sector will be shrinking, and reliance on a wider political and social
spectrum will become key for sustaining social stability and imgpbusiness activity. All this

will bring more competitia into the economyand free up initiative as unanimity and
doublethinkng will be replaced byissentandsanity

Many policies and measures assumed in 4D are listed in th&’4@% in the Ation plan
(operational plan) for theTS implementation

174 Russian Low Carbon Development Strategy to 2@kreeof the RF GovernmeniNo. 3052r of October29,
2021
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6.1 Power and heat sector

In 4D scenariq electricity generation will be stablefor 2 decadesand the 2021 generation

level (1,159 hllion kWh) will not be reacheduntil 2041 Beyond 2041, it will quickly scale

up to reach 1,516 billion kWh in 2060driven by the ekectrification of end-use This figure
breaks down into1,471billion kWh for centralized generation 45 lilion kWh generated by
prosumers (Figure 6.1). The greatest power demand increments originate in-2080 in
industry (202 billion kwWh), transport (3allion kwh), and services sectors (207 billion kwh).

An assumption is made irhis scenaripthat the power market Wi change significantly to
promote low carbon electity in all sectors as a mitigation strategypdto promotedistributed
generatiorby prosumers in all sectqgrbut above alin the building sector. Power business will

be splitinto traditional and RE generation andll be dispatched based dhe costs and system
services utilities will be increasingly providing endse services, imading attractive billing
schemesand tariffs,and also assiswith energy efficiency project§ iwhi t e &r t i f
demandside managementetc. In the &lectrified futur§ traditional boundaries between
electricity generation, transport, storage, tdimution, and consumptiorwill be blurring and
shifting towards endise sectors ljuildings, industry and transpojt As RE sources are
becoming more importangnd the electrification of endse sectorss progressing, as ighe
decentralization of elegtity generation and the development of storage systems, power supply
to consumersvill be transformed most noticeably.

Figure 6.1 Electricity consumption in 4D scenario
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Current business models in the power industry wilbe changng due to the growing role of
system service providers associated with the need to integrate a high share of renewable
energy and to the growing role of aggregatorswho manage distributed energy units. The
latter will be huying excess electricity fronprosumers and seatig it to the grid, managing and
operating small power plants and micand nanogrids. Future energy systems wdlude
several dozens of centralized power plaantd dozensf thousands ofargely distributedsmall
generation unit$ solar power plants, wind farms, and other renewable energy soiiboeard
networks will help integrate, contradnd synchronize their worRhe assumption ithatby the
2030s,a full-fledgedwholesale and retail electricity market will be formedhere consumption
and supply will beprice-dependentcrosssubsidies will be eliminated, electricity prices will be
set in a deep interaction widonsumes.

Electricity supply should be integratedwith the developmentplans of individual end-use
sectors.Prosumers are starting to play an increasing roleydnu) in pricing. Energy storage

175 Russian legislatiorllows for an equivalent of degal ingrumenti an energy supply agreement with energy
service elements (FZ No. 261). However, this tool has not been developed and is not being used so far.
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systems, both on the utilignd theconsumer side, are becoming an important market segment.
Utilities are ircreasingly managing consumer installations through smart ¢midsany cases, a
barrier to the development of distributed generatimhere consumes will supply excess
electricity to the suppliés network ighe fact that outdated distribution netwodesinotreceie
energy in the opposite directioBnergy systems development plamid becomesubstantially
more complicated due to tlmcreasinghnumber of small generatn assets and the large share of
renewable energy. The use of smart grids and commtimnctechnologies is becomimgitical

to mana@ such complex energy systems. Smart grids will also integrate energy storage systems
The system operator will neechany more information resourcefor the optimization of
management. New market models aik lseing formed. There are no final decisions yet. The
contribution of RES to electricity generation will largely dependwdnch decisions will be
made.

If we want to see more competition in the power market, it is important to move to a single
price market with a focus on nonregulated bilateral agreements between suppliers and
consumersto ensure preference for low carbon electricity develop multiple options in the
power and capacity pricing menu lilateral agreementsncluding demaneide manageent

and other services; develgnm infrastructure andegulationfor bilateral agreementdinancial,
physical, derivative instrumentsuch asstandardized contractggreen certificates gtc.) to
ensure supply fromthe mostefficient plants develop davative instrumentsto improve
liquidity, increaseaccess to financingnd improve competition; promoteinvestment through
longterm bilateral agreements replacecapacity supply agreements; introduce real and easily
implemented competitiobetweerretal power suppérs

In 4D scenarig increasedlow carbon power generationis based on carbon pricing for fossil
fuels-based power, support for power storage and networks development to accommodate
intermitted RENs, which are becoming costompetitive (usedto rely on subsidies),as
economy of scale and learning rates bring the LCOEs dowr.COEs for new fossil fuel

based power sources are growing driven by carbon prices, while LCOEs for RENs are declining
For new onshore wind they are already @mshpetitve, and for solar are expected to become
costcompetitive later in the 2020s. Low carbon generation policies will bring 25% and 20%
subsidies for wind and solar CAPEXes to 2029 and 15% and 10% respectively thereafter tc
2040. Nuclear is costompetitive conpared to fossil fuel generation with assumption that
CAPEX is 2500 $USkW.17® For Russian nuclear true CAPEX is difficult to estimate, as data
from open sources are not available and a large public support is provided in different forms tc
build new plants. If true CAPEX for nuclear can be taken equal to 4,000 $US/kW, they reach
paity with gas generation in the early 2040s.

176 yveselov F., A. Solyanik, L. Urvantsevaow-carbon transition of the Russian power industry to 2035: potential
of emission reduction and its ¢costse for consumer s
US at 5000 $US/kW in 2020 declining to 4500 $US/KW by 2080EuropearlJnion 6000 and 4508US/kW, for

China 2800 and 250BUS/kW, and for India 2800 $US/kW for 202050. Table B4.a Technology costs in selected
regions in the Stated Policies Scenario. World Energy Outlook 2020. IEA.
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Figure 6.2 LCOE for different types of generation in 4D scenario
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When weighted by new capacities additionsaverage LCOE dter a small growth in the

2020s will besteadily declining to 2060 toreach alevel below that of 2021 This decline
opens the door for tariff increments in transmission, distribution and systems services, as thes
become more costly. So overall power prices may grow heugitowth will be slower compared

to the case when all capacity additions, whether or not equipped with CCS, are fossibackl

In 4D scenario, low carbon power will be provided by nearly all new capacity in 2022060
compensating for phaseebut fossil fuel capacities (Figure6.3). It will reach 75% of
installed capacities.Total installed capacityn 2060 will reach 3 GW, including 59 GWbf
nuclear; 65 GWof wind, and 49 GW of solaHydro andgeothermal will only slightly increase
to 55 and 0.2 GW. The total capacity of thermal power plasitslecline: to 64 GWfor gas and

to 23 GWfor coal. During the 2022041 generation growth pause, new capacity additions will
only replace the phasexlt inefficient capacitiesThere will be somenew gas generation and
very small coabased capacity additions. Small, mostbatfired CHP plants are expected to
replacethe phasedut units in regions where nogas is available and (othere islimited
potential for RENs.For fuetbased generation 4D scenarioassumesenergy efficiency
improvements foboth new and modernized power platdsBAT levels In 202], the average
age of thermal power plants in Russias 34 years,of hydro power facilities 44 yearspf
nuclear plants 27 yeat§ More than30% of installed equipment is older than 45 years
(according to Inter RAOR0% of CHP will run out of servicebefore2040 (according to thBF
Ministry of Energy) So substantial new capacities are needed to merely replace those, whose
service life is cming to an end.n fossil fuel-basedgeneration the deployment of CCS
technologies will start i2035

77 Forum. Atlas of investments of Russi@hinese energy cooperation. 2021
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Figure 6.3 Commissioning of power plants in 4D scenario
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By 206Q the share of low carbon sources in installed capacityill scale up fromcurrent
34% to 75%. Wind and solacapacity willapproach 40%n 2060.High levels of variable RES
(VRE) penetrationcan significantly affect energy systerparameters, such as loadofiles;
regional market patternand wholesale prigeIn order b accommodate more variable RENs
the storage capaciwyill grow over5 GW, includingpumped storagever 4.3 GW, and battery
storageover0.8 GW.

In 206Q the power system will not be zero carbon yet, buhe share of lowand no carbon

power sourceswill scale up fromthe current 40% to 78% (Figure 6.4). In the 2020s, a
temporal decline in power generation will be accompanied i®daction in fossil fuebased
generation as nuclear and hydro will keep close to the current generation |&Vedslocal
content in large gas turbines is very low. At a later stage, this pressure will be supplemented b
wind and solar. Buthe decadéong delay in power sector modernizatiand low population
densities in regions rich in coal, yet poor in RENg| limit the potentiaffor full power sector
decarbonizationlt would allow it to resolve potential problems with earlier commissioned
capacities running the equipment supplied by companies, such as General Electric and Siemen
However, the challengeofr t he decades to come i s, t hat
planningto launch 6570 MW localized gas turbines production. If they succeed, the demand for
new gas turbines will be limited to 1 unit per year in this capacity range, as RENs weltibg g

more costeffective. Therefore, new production facilities may become stranded assets with no
chance for capital recovery.

Figure 6.4 Electricity generation in 4D scenario
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Centralized variable RENs (wind and solar) power generation will approach 332 billion
kWh, or up to 24% of total generation, in 2060.WPP and SPRapacities will begrowingin
accordance with the curreptansto 2035 and thenwill become competitive, as theostsof
generation will drop drivingchang@ in the structure of installed capacityhe economics of
renewable energy projects will improve significantiyhile gas prices willbe up driven by
carbon pricenstruments

District heating will continue to decline (by 43% in 202%12060) despite the fact that a lot of
heated space will be addedFigure6.5). This pattern wasobserved in 200@021. Heat
generation at CHP will be 34% down, and in boiler houses it will nearly halve. Some decline in
heat recovery will bassociated with the reduction in both high temperature heat intensive basic
materials production and change in their technological base.

Fossil fuels usdor heat generation will be60% down from the 2021 level.Gasification of
some regions currently donated by coal will allow for dynamic coal substitution, but at the
same time will lock in gafired heat supply for decades to come. Deeper reliance on biomass,
than expectedn this scenaripwill allow for deeper decarbonization. The issue is biomass
avaiability and the balance with LULUCF sink targets.

Figure 6.5 District heat generation in 4D scenario
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Carbon intensity of power generationwill go down to nearly 50 gC@kWh, but not yet to

zero, in 2060 (Figure 6.6). Not so much progress in carbon intensity can be expected for heat.
District heating is mostly ignored by government policies leaving the risk of locking in carbon
intensive solutions. By 2060, district heat generation even in 4D scenario will be respéorsibl
140 min tCQ (37% of then remaining combustisalated emissions). This will impede attaining
carbon neutrality, unless more active decarbonization policies are developed and implemented.

Figure 6.6 Carbon intensities of power and heat generation in 4D scenario
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European standards assume thatthe next25-30 years, district heating systems will be
transformed into the fourth generation heat supply systémSuch systemswill have
substantially improved performance, Use-temperaturevater, and should be able to ensure
very low heat distribution losseshey will integrate heatsupplied from low-temperature
renewable sourcesuch as solar and geotherato the systemincorpoiate heatsupplyinto

smart energgupplysystemsincluding smartooling The development of such systems should
start from the development lwing-term strategies whi ch Russi a hasnodt e

6.2 Industry

In 4D scenario an assumption is made, that Russian industrial companies will spend the
2020s to find new markets and to change the logistics for materials and components supply,
and after the decaddong crisis is over Russian industrial companies will besfit from

lifted sanctions. The government, facing shortage of revenues, will on the one hand, reduce its
presence in the economy, and on the other, create more favorable conditions for the privat
sector hoping to compensate for the falling oil and gasmges with more diverse income
sources from nowil and gas sector.

In 4D scenario, growing domestic and international competition will strongly encourage
Russian companies to double the intensity of capacities modernizatioAfter a decade of
experimentswvith selfsufficiency in isolation, existing facilities will date further facing the risk

of full degradation. In order to stay in business, they will require intensive and profound
modernization. Capacity additions will be built to meet BATs performéeeds.

4D scenario assumes, that the government will start implementing large and effective
decarbonization policy packages in industrysuch a&™.

7 Carbon pricing to motivate businesses towards carbon footprint reduction and to reduce the
risks of economiclosses incurred by CBANke mechanisms. This would require the
development of effective carbon intensity benchmarking systems and tools to estimate anc
certify GHG footprint of products;

1 Planning tansition pathways ankbng-term strategiedo coordinate mitigation activities in
individual industries (especially in basic materials) with subsequent paljoy elements to:

x encourage material efficiency and highality circularity;

x providei s up p | Yoy suppertngR&D and early commerciaation (including
subsidies for new low carbon products so they can compete at early productiofi stages
similar to the ones provided to RENS);

x providei d e ma n dinclpdingg government and private low GHG procurement
developa low carbormarketto promote theemerging technologies;

x balance carbopricing andregulations with competitiveness promoteinnovation and
systemic GHG reductigmiving time to industries to adjyst

x mobilize long run, lowcost finance mechanisms émcouragenvestment andeduce
risks;

x time infrastructure planning and constructianc{uding CO; transport and disposal,
electricity and hydrogen transmission and storage)

178 Lund H. et al 4th Generation District Heating (4GDHhtegrating smart thermal grids into future sustainable
energy systemsittps//www.sciencedirect.com/science/article/abs/pii/S0360544214002369

179 Bashmakov 1, L. Nilsson et al. 202hdustry. In: Climate Change 2022. Mitigation of Climate Change.
Contribution of Working Group 11l to the IPCC Six Assessment Report (AR6) [Skeaall, éds.)], Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.
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X supportnew institutions capable of managing letegm strategiesdevelop and adjust
regulation and morut the progress, etc.;

1 Performancetandards andodes especially for crosgdustrial technologiesuch as electric
motors or stam supply systemso increase the durability of products and materials

1 Require &tended producer responsibilitgr thar productsend of life serviceand to cover
the cost ofmaterialsrecycling or otherwise responsibly maeggoblematic wastes

An assumption is that subsidies for low carbon products will be provided to:

1 cover 50% gap betweeteel produced bPRI-EAF-gas-CCUS and DREAF-hydrogenand
steel produced by BBOFtechnology;

cover 50% gap between cement production with and without CCS;

cover 100% gap for ammonia production with CCS or using hydrogen as feedstock and SMR
ammonia.

These subsidies will be cancgjevhen the costs of new processes become similar to those of
traditional production, which are driven up by carbon prices.

It is also assumed, that performance standards, white certifltagsrograms, access to cheap
financing will be available to proote energy efficiency. Some of these may be incorporated in
the Energy Efficiency Program to 2035, which is now being developed.

Since the economic development is faster, than in 4S, and goes with a severer competition,
none of the current capacities age@5 or older will still be in operation in 2060 to produce

basic materials, unless deeply modernized and supplemented with new capacity additions
after 2021 to dominate in the 2060 capacity balancéld capacities and stranded assets
expected to be commissed during the period of isolated ssiffficiency (20212031) will lose

it out to competitors and will have to be either decommissioned or deeply modernized. Greate
basic materials demand from both domestic and international markets will require peityca
additions. If they are to win the markets, they will have to be advanced and low carbon. For this
reason, the share of new capacities with improved performance and low GHG emissions in 4L
scenario by far exceeds that for 4S scenario for all basieriaa (Figure 6.7 illustrates this
point for crude steel production). This will allow it to avoid the locke@ffects for decades

after 2030. Such modernization is only possible if there is access to low carbon BAT
technologies.

Figure 6.7 Crude steel production capacity age structure in 4S and 4D
scenarios
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Improved materials efficiency across all sectors and promoting circular economy will keep
virgin basic materials demand growth moderate, but allows for an increasing contribution
from secondary materials (metals, paper and plasticsgnd of life segments aiccumulated
material stocks (Figure 6.8) will serve a resource base for secondary materials. df 8286
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2020 vehicle stock are scrapped in 2040 and average steel and iron embedded in one vehic
(LDV, truck or bus) weighs one ton, then-40 million tons of steel scrap will become available
only in this scrap segment. Expected reduction in vehiabek still reduce scrap supply. At the
same time, as annual vehicle sales decline (assuming 50% of cars are produced from domes
steel), domestic steel demand will be 6 million tons lower in 2060, if compared to maintaining
constant stock case. Similar,tbobuch smaller, effects are relevant for aluminium and plastics. In
the power sector, the impact is opposite: RENs are more material intensive per kW, thar
traditional generation. Our assessm&ghows, that new power capacity additions as described
abovewill additionally require only 0.1 million tons of steel compared with fully foased
generation. The balance of material demand change from the above examples allows for a lowe
steel demand with higher incomes (Figure 6.8).

Figure 6.8 Seel stock and steel demand with and without material
efficiency and demand reduction (ME) in 4D scenario
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New low carbon technologies penetration scales up substantially, when carbon price and
subsidies for low carbon steel production are introducedTransformation of steehdustry is

based on investment decisions which are driven by cost competition (Bi§uwr&FBOF route

for steel production loses competition, as the carbon price rises and the facilities in place retire
either as a result of the 2020s sanctions or because their service life is over. New facilities will be
built based on DREAF and ScrafEAF routes, as BBBOF becomes more expensive.

The costs of DRbasEAF technology will be the rise as well, even if at a moderate rate, yet
gaining a market share. The costs of Bas with CCSEAF and DRIH2-EAF routes will get

close to DRIgasEAF onlyin 2060. Therefore, the uptake of these processes will be limited and
they will be mostly oriented to foreign markets with higher steel costs. Overall costs will be
2003$US/t crude steel, or 56%, up (1.1% per year). This moderate annual growth will provide
sufficient incentives and time for material efficiency improvements to offset the growing steel
costs. Steel costs increase is important for the competition between steel producers. As for fine
products (for example, cars), the rising costs of steelonli} contribute 1%. Cumulative 2022
2060 subsidies to support DBas with CCSEAF and DRiH2-EAF are limited to 3.5 billion
rubles, as reference BBOF route costs will skyrocket driven by carbon prices. The learning
process for DRbas with CCSEAF and DRI-H2-EAF will start early in the 2030s and will
depend on the carbon price and the architecture of carbon pricing mechanisms for industry.

Low carbon strategy for iron and steel needs to be developed to identify low carbon
transition pathways. It shoulddevelop the markdtased instruments architecture which will
address the competitiveness issues and set benchmarking systems to measure carbon footp!
for a large variety of products in a way consistent with benchmarking systems adopted in othe!
regionsand countries®!

180 Specific materials use per MW are borrowed from: Deetmahl.S. de Boer, M. Van Engelenburg, E. van der
Voet, D.P. van Vuuren. Projected material requiremdatsthe global electricity infrastructuré generation,
transmission and storage. Resources, Conservation & Recycling 164 (2021).105200

181 Bashmakou.A, D.O. Skobeley K.B. Borisoy, T.V. Guseva2021. GHG benchmarking system in the iron and
steel industry/ Chernaya Metallurgia. 2021. VVol.77, Na.
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Figure 6.9 Transformation of steel industry in 4D scenario
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CO2 emissions in the cement industry will be two thirds down in 2022060, and if the
sponge effect is accounted for, the industry may become a net €Gink in the 2040s
(Figure6.10). As theeconomy develops, and new facilities are built to replace technically
obsolete ones with expired service life, demand for cement will rebound in 2031 and continue tc
grow thereafter. So both accumulated cement stock per capita and cement use peeaagita ar
yet saturated. But since the population will be declining, cement demand growth will be
moderate. C@absorption by accumulated cement stock may reach 27 milliop 1€@is effect

is accounted for in national inventories, then net €@issions Wi become negative and reach

-15 MtCQGz in 2060.

Carbon pricing will make technological options with improved energy efficiency, clinker
substitution, alternative low carbon fuels and CCS cost effectivet, and new production
facilities will be based on thesg¢echnologies.Deployment of CCS at cement plants and 50%
subsidies in contracts for difference will improve the cost competitiveness of this technology and
allow it to build new, and upgrade existing, plants with CCS. In 2060, cement production with
CCS will reach 52%, and about half of the remaining@&missions (mostly from calcination)

will be captured. Deployment of both new and existing technologies with carbon pricing would
make cement more expensive. Average cement costs from newly built pldrgsowilfrom 60

$US/t in early 2022 to 93 $US/t in 2050 with a subsequent reduction to 86 in 2060. Steady cost:
growth will allow it for cement users to adjust and use the large potential to improve the
efficiency of cement use in construction. Higher ceihmeites will only incrementally affect the
costs of buildings and infrastructure (less than 1%).

Cement industry needs a longerm low carbon strategy to outline the transition pathways.
This strategy should assess the impacts on the competitivenesised@pathways may have;
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designs for markdbased and other policy instruments, such as contracts for difference (CfDs);
develop benchmarking and reporting systems; etc.

Figure 6.10 Transformation of cement industry in 4D scenario
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Carbon pricing, subsidies for CfD green ammonia supply contracts and technological
progress will allow it to cut net emissions from ammonia production by 3 times
(Figure6.11). The CCU option for urea production in place will be supplemented with SMR
ammonia production with CCS and with hydrogen using facilities. As the carbon price grows,
SMR technology will be getting more expensive. Hydregased ammonia production will
reach 6% in 2060 supported by subsidies covering the costs gap with SMRdgghir2060,

58% of ammonia production will be equipped with CCS. New low carbon technologies will
make ammonia more expensive in 2040, but then average costs will stabilize and slightly decline
closer to 2060.

Figure 6.11 Transformation of ammonia production in 4D scenario
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In 4D scenario, Russian industry will significantly progress towards carbomeutrality. In
20212060, combustionrelated emissions will be down from 305 to 45 MtC@ and
industrial emission 1 from 194 to 62 MtCO: (Figure 6.12).Carbon price in 4D will reach
180$US/tCQ in 2060. Together with other policy instruments it will giv®mentum to low
carbon transformation of the Russian industry and laocgée low carbon technologies
penetration. Some technological trends as discussed above will be supplemented with ne
technologies in other sectors, such as introduction of inert arindduminium productiofi a
technology being tested by RUSAL in Rud& and largescalepaper and plastics recycling.

Figure 6.12 CO2 emissions from industry in 4D scenario
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Low carbon transformation of the Russian industry will improve the competitiveness and

allow for stronger positions in the global markets Carbon intensities of many Russian basic
materials and caon footprints for other manufactured products will be significantly lower in 4D
versus 4S. Entering markets with carbon pricing mechanisms like CBAM, allows for lager shares
for least carbon intensive products and (or) products manufactured in cowvithiesarbon
pricing schemes. So, after sanctions are relaxed, there will be no new iron curtain blocking returr
to OECD markets and expanding sales to other markets.

6.3 Transport

In recent years Russian transportation polides were focused on promoting legsolluting

and low carbon solutions Transition to electric transpontas declarea priority on the Russian
transport policyagenda Concept for the development of production and use of electric road
transport in the Russian Federation to 208@s adopted by the RF Governmécree of
August 23, 2021No. 2290r. To implement this Concept, 8®dllion rubleswere allocated to
provide soft loans and lease of EV,-fomance installation otharging stationslaunch local
production of components)cluding batteles for EVs. The goal was for domestic EVs to reach
10% of all manufactured vehicles, install 72 thousand charging stations and 1,000 hydroger
charging stationsMany initiatives were launched at the regional level as vivtiscow is
implementing a comprehensive progrdiinergy of Moscow a i mthedeledrification of
urbantransport.The city has an ambitious program for electric buses;otineers of electric
vehicles are allowetb park forfree the municipal government supports thevelopment of
electric carsharing and electric taxisstals charging station¥oking to increase the number to
600in 2023, createsew integrated electrt infrastructureto acelerate the electric transport
developmentin St. Petersburg, electrichMeles are exempt frortihe transport taxConcept for

the development of production and use of electric road transport in the Russian Federation to
2030specifiesseveral cars, trucks and buses manufactures, who have already launched, or ar
about to launie, EV production. Tie Russian Railwaydolding has20 projectgo setmorethan

182 1nert Anode Technology (enplusgroup.com)
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50 highspeedrail routesto make84 million trips per yeareachingll thousand km ohigh
speedines in 2030.

The sanctions have blocked some of the plans anddelayed the implementation of others
making some of the mitigationpolicy options not feasible on the initially expected time
horizon. Ban on new ICEV sales, as propo$sdsomeexperts, as well as proposed introduction
of EV quotas for car manufacturets reach100% will unlikely be introduced before 2040.
Introduction of mechanism® reduce vehicles life cycle will face the lack of new vehicles
supply for at least a decadee@lopment of higispeed rail taeduce he use of air transport
and evelopmenbf infrastucture for comfortable electric public transpaitl be also delayed,
as fewer buses and trains will be available.

4D scenario assumes that the low carbon transport transitiopolicies will persist, even if

with lower intensity, to 2031 and will intensiy thereafter to come back on track.The wide

policy mix includes:government and private procurement of low carbon fleet; carbon intensity
standards; municipal planning and enabling creative foresight; charging infrastructure
development; regulation of EMyrid integration; R&D support, education; net zero strategies
development for different transport subsystems; development of alternative fuels (hydrogen,
ammonia, biofuels, synthetic fuels); financing schemes (lease, subsidies, soft loans) to suppol
the purchases of low carbon transport equipment; public and private investment in the relative
infrastructure 83

Economic assumptions of 4D scenario imply that smaller amounts of oil, gas, and coal will be
produced and transported, and the economy willsbmewhat dematerialized. Along with
effective supply chains management all this will work to bring down the freight turnover. At the
same time, higher incomes will drive personal mobility up from the 4S reference scenario
(Figure6.13). Freight turnover Wibe dominated by rail (5%9% after 2035) and gas pipelines
(29% in 2060). In the passenger turnover, the share of personal LDVs will scale down from 52%
in 2021 to 32% in 2060. This will be partly compensated by taxis, company cars, and car
sharing. Thi contribution will grow from 12% to 18%. Therefore, LDVs will be contributing
40% of passengedm travelled in 2060, which is much below 64% in 2021. Bicycle rides will
amount to 3% of passenger turnover in 2060, while 57% will be provided by pubbpdran
including 21% by aviation and 13% by rail.

Figure 6.13 Freight and passenger turnover by transport modes in 4D
scenario
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Electrification of transport is the key GHG mitigation policy. The share of electricity in
transport energy balance will grow from the present 7% to nearly 40% in 2060. For rail, it
will reach 85%, for pipelines 44%, and for automobiles 32%]It was assumeth 4D scenario,
that 0.5 million rubles in purchase subsidies will be providadl the costs of ownership

183 Jaramillo P., S. Kahn Ribeiro, P, Newman etTahnsport In: Climate Change 2022. Miation of Climate
Change. Contribution of Working Group Il to the IPCC Six Assessment Report (AR6) [Skea, J. et al., (eds.)],
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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become equal to those for ICt spur the penetration of currently expensive BEVs. With such
subsidies and carbon prices the BEV/IC&st of owneship paritywill be reached in 2031
(Figure6.14); if the subsidies are not provided, it will be delayed until 2BBEM¥s/ICEs cost of
ownershipparity will be reached, if the BEVs purchase price exceeds that for ICEs by $US
20,000 at the maximum. Presemtthe average price of a m&ized BEV worldwide varies
between $US 30,000 and $US 50,880Therefore, in many global markets BEVs are already
approaching the cost parity with ICEs, depending on fuel and power prices. In Russia, this will
be some 145 yeaars delayed.

The 2060 LDV feet structure will evolve towards electric power train, and EVs will
amount to 70% in new sales (12% PHEVs and 58% BEVSs), followed by gg®wered
vehicles (13%) and only 17% left for ICEVs. In the total fleet, EVs will amount tosome

two thirds. Thesevalues are smaller, than projected before Februafy Bdt they are much
higher compared to the 4S scenario. This can be attributed to the international cooperation in ce
manufacturing, policy support, and higher fuel priceseadriby carbon prices. Fuel cebased
vehicles are more expensive and are not considered at this stage of the analysis. In 2060, t
share of EVs in the total fleet will reach 55% for BEVs and 12% for PHEVS, 43% for trucks:
43% for BEVs and 20% for PHEV&r buses: 72% for BEVs and 16% for PHEVSs.

Figure 6.14 LDV fleet by power train (a) and cost of car ownership (b)
in 4D scenario
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Total transport energy consumptionin 4D scenariowill be 3 times down in 2060 from 148
to 51 Mtce versus 73 Mtce in 4S scenarig-igure6.15. Road transport energy use will drop to
24 Mtce, for civil aviation it will stay between 6 and 7 Mtce in 262260, forrailroadit will
decline from 10 to 4 Mtce, and for gas pipeline it will be down from 35 to 15 Mtce.

In 4D scenario, CO2 emissions from transport will be more than 200 MCO2 down over
20212060, yet 70million tCO 2 will be unabated in 2060. Total, including indirect, GHG
emissions from transportwill drop from 309 to 83 million tCO 2eq. The share of fossil fuels

in the transport energy balance will be declining from 91% in 2021 to 57% in 2060. Despite the
deep electfication in 4D scenario, indirect emissions will drop by two thirds, as power
decarbonizatiomgoes much faster, than in 4S scenario. The 4D scenario resultsenitiaathe
unabated emission in 206® consistent witlthe metaanalysis of IAMs and IEA cenariosfor
transport which suggest that the transpogt zero carbon status is not achievdi#éore2050

and is hardly achievable evan2100

1841bid.

185 Jaramillo P., S. Kahn Ribeiro, P, Newmanaé Transport. In: Climate Change 2022. Mitigation of Climate
Change. Contribution of Working Group Il to the IPCC Six Assessment Report (AR6) [Skea, J. et al., (eds.)],
Cambridge University Press, Cambridge, United Kingdom and New York, NY,; UERA 2021. Net Zero by 2050.

A Roadmap for the Global Energy Sector.
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Figure 6.15 Energy consumption by transport in 4D scenario
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6.4 Buildings

In this scenario, housing construction will belarger, since a faster economic recovery is
expected The drivers will include lower mortgage rateshigher real disposableincomes
availability of loanfinancingfor building companiessheaper construction materials, machinery,
in-house equipmentand other factors. The removal of restrictions on goods and tecinolog
transferwill increasethe importsof more energaefficient constuction materials, equipment and
machineryto meetthe highedemandrom newapartmentsOn the other hand, negonstruction

will be accompanied bya faster demolition of old inefficient buildingsthus a&celeraing
reductionin the average specifenergyconsumptiorby buildings.

From 2029 onwards, energy efficiencyrequirements for new buildings will be stricter.
Introduction of more stringent requirements wdéhcourage the deployment aidvanced
insulation and energy supptgchnologies (information meting, Gmarb houses); introdumn

of marbcontrok; applicationof hightech energyefficient equipment and materials with a low
carbon footprintpuilding materialsrecycling Energy efficient architectural and space planning
concepts and climate controls, architectural bionics approaches and solutions, and renewab
energy sources will be deployed uildings design. In additionthe principles of circular
economywill be increasingly claimed by the construction industrycontribuing to greater
decarbaization. Cheagr constructiormaterials technology transfer, government programs will
encourage he construction of |l ow ener gy antde 6pe
buildings stock.

Energy-efficient capital retrofits in buildings and ther effects will increase significantly At

the national level, energy efficiency standards faapital retrofits will be set a compliance
monitoring systemwill be set to includgenalties for incompliance encouragiogntractos to
meet the requirement) focus onthe packages aheasures with largeenergysaving yields,
andto make decisions based on Hfgcle costs comparisonn this scenario, public subsidiés

energyefficient capital rérofits under the governmerstupport programsvill persist for the
whole time horizonIntroduction of thefwhited and figreerd certificates,promotion ofenergy
service companies and growing real disposableincomes will increase the effecs and
significantlyscale upenergyefficient retrofits projects.

Normalization of trade, cost reduction andhousehold income growth will promote the
emergence ohew, more efficient light sourcesin the domestic market.Government gpport
will contribute to the construction oihew facilities produdng highly energyefficient light
sourcesJ)eading to cost reductiomd increasd penetration. For this reasoan assumption is
madethat replacement of lamps with more efficienbdelswill be going at asubstantially
higher ratethan in 4S scenario, artdere will be greater uptake atitomatic contra (motion
detectorslight sensorsetc.).
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In this scenarig, an assumption is madethat more energy-efficient household appliances

will be purchased resuting in a faster decline inaverage specific energy consumptiomA
similar assumptionis made with regard to heating boilers, water heaters and cooking stoves,
leading to a faster efficiency improvement across the entire stocthis end,the government
extends the scope bbusehold appliances and equipment subject to mandatory labelisgtand
minimum efficiency requirements at e a st at .tinheddition, Atate pragranesill be
implemented t@ncouragehe purchasef highly efficient household appliancesmnd equipment.

On the other handpasumer behaviowill be gettingmore rationato additionallyredue power
consumption, other things equal.

One direction to reduce energy consumption and greenhouse gas emissidnsm buildings
in this scenario is a better uptake d non-conventional renewable energy sources,
specifically:

solar thermal equipment (solar collectors) Bdd\W supply;

solar photovoltaic installations (panels) for power generation;

1
1
1 heat pumps, including hybrid systerfa, heat supply@HW and spacéeating);
1 heat recovery units and heat pumps for heat recdkaryventilation emissions;
1

apartmentandbuilding-level equipment fowastewater heatcovery

Governmentpolicies (tax exemptions feedin tariffs) will encouragedecentralized power
generatiorandtheemergence of a large number of prosuntegiging to asignificant increase
micro-generationin buildings. Financing RE deployment undestate programs against the
background of. COE decrease will lead tbetterpenetration of solar collectors, heat pupg
otherRE technologiest the building level.

In this scenarig despite 80% increase inspace to be heatecand household appliances
ownership, residential energy consumption is 20% down from the 2020 level in 2060

(Figure 6.16 to reach 108 million tce Energy consumption per 4. mwill be noticeably
down compared to 4S scenario and will reach 10.8egr new buildings and 16.0 kg for

existing buildings. Average energy consumption pkersq. mwill be 57% down in 2060, and
average specific energy consumption $paceheatingwill be 48% down The share ofspace
heating willkeep dominatingn theenergy consumptiostructure:75% in 2060.

Direct GHG emissionsfrom residential buildings in this scenariowill be significantly lower

and drop down to 47 million tCO2eq. in 2060 (Figure6.17). More intenseenergy efficiency
improvemensg and electrification of residential buildings, coupled with a reduction in indirect
emissions from the electricitynd heat userocesseswill essentiallyreduce greenhouse gas
emissions.Specific direct GHG emissions witlrop to 6.5 kgCO2eq./m of total residential
floorspacein 2060, or by63%. Ultimately, cumulative(including indirect)GHG emissionsill

be downto 15.2 kgCO2eq./mMin 2060, or by69%.
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Figure 6.16 Residential energy consumption in 4D scenario
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Figure 6.17 Evolution and structure of residential GHG emissions in 4D
scenario
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6.5 Waste

Additional set of measures in the waste sector allowsto reduce GHG emissionsfrom 96
MtCO2eq in 2020 to 23 MtCQeq in 2060 (Figure6.18). In addition to 4S scenaridhe
following assumptionsvere made. The volume of combiti unsortedMSW will be 50%
down in2030. The methaneproducedwill be burntat all landfills in the large cities. Resource
efficiencyandwasterecyclingtechnologiesiptake will be growing at 5% per year to reach 30%;
the relevant infrastructure will dauilt. By improvingthe efficiencyof centralizedaerobicwaste
treatmentfacilities, the degree of anaerobicity can be reduced by 10% per year to reach 100%.
Combustion othe methangroduced byigesterswill be growing at2% per yeato reachl00%
realting in no additionabmissiondue to the deep modernizatiohthe facilities. The share of
populationusingsystems of purification/runof#ill be annually0.3%up (for centralized aerobic
systems with digesters); 0.26f (for centralized aerobic syste); and0.1% down (for septic
tanks).The share opopulation using latrines is determined as the residinather words, the
growth in population connected ¢tentralized seage will be fasterthan before 2020

Figure 6.18 GHG emissions from waste in 4D scenario
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6.6 4D emission pathway
6.6.1 Energy and fuels use

In 4D scenariq total primary energy consumption(TPES) is 27% down from 1,121 Mtce in
2021 to 818 Mtce in 2060The major decline is expected in transport (98 Mtce) followed by
industry (76 Mtce). The only sector with growing consumption is-emergy fuel use (i.e. fuel
used as feedstock, mostly for chemicals production (FigW@). IEA also expects a global
TPES reduction from the 2019 pe#k.

Energy intensity of GDP (nonenergy use excluded) will be on the rise in 202224 and
will show some 60% decline to 202With 2.5% per year AAGR, which is twice the level in

4S scenario.With an account ofnon-energy use GDP energy intensity decline will not
exceed 16% per year. GDP energy intensity reduction will go unevenly and will be slowing
downas SECs (specific energy use) approach BATs values in many activities

1861EA. 2021. Net Zero by 2050. A Roadmap for the Global Energy Sector.
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Figure 6.19 Primary energy and fuel use in 4D  scenario
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Energy efficiency improvements coupled with growing powegeneration by RENs, hydrq

and nuclea make fossil fuel consumption drop by two thirds from 779 to 253 Mtce, or
twice as much as in 4S scenaridn the fossil fuels mixthere isa shift towards natral gas.
Natural gas consumption will be 42% dofvom 553 to 323 bcmand gas combustion volumes
will be down to 190 bcm. Cumulative extraction in 22360 will reach 18 trcm, and if added
to theresources required to maintain the 2060 production Te@&ltrcm which is below proven
resources as reported by BP (3%¥4demanding no additions to proven resources. Liquid fuels

187 Bp Statistical Review of World Energyuly 2021
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consumption will decline by 44%, and its combustion part by 80%, mostly due to the declined
consumption by transport. Cumulativetraction in 20212060 will reach 8.&In t (versus 13.2

bin tin 4S scenario), and if added to theources required to maintain the 2060 production level

i 10 bIn t,which is again below the proven resources as reported by BP%L4afd thus no
additional proven resources are needed.

Domestic coal consumptiorwill decline 10-fold in 2060 from the 2021 level, and some part

of it will be using CCS.Coal is going to face the greatest pressure from carbon pricing and so it
will be largely substituted with natural gas, as gasification programs will expand along with
biomass energy use. This will help biomass to deeper penetrate centralized andahteedu
markets. District heat use will be 44% down. Hydrogen use in this scenario will not exceed
1.3Mt in 2060 and will be mostly for feedstock.

6.6.2 Emission trajectories towards net -zero carbon
in 2060

In 4D scenarig Russia mayattain carbon neutrality in 2060without expanding LULUCF
net sink, which can be down from 605 MtCQ in 2020 to 291 MtCQ in 2060. In other
sectors, mission reductiogwill amount t01,291 MtCQ in 202%2060Q In addition,93 MtCQ,
will be captured by CCS ithe power sector and dustry.Using the @clining net sink trend in
LULUCF as a baselinegpolicies and projects in this sector will be requite@nsure additional
176 MtCQ sinks,which is only a quarter dhe 685 MtCQ needed in 4S scenariandonly one
sixth of thel,085 MtCO; required to be addeih LTS. The remaining net emissions from all
sectors (excl. LULUCF) will be down to 383 MtG@ 2060(Figure6.20).

Figure 6.20 CO2 emission pathway in 4D scenario
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Fit for 65. In 4D scenario, in 2030 Russia will never exceed 35% of 1990 &€€émissions and

36% of GHG emissions. Like in 4S, Russia will be ahead of the EU in cutting its G@nd

GHG emissions by 2030. Expected GHG emission reduction is 64% a@D: reduction is

nearly 70% (Figures6.20 and 6.21)In 4D scenaripLTS gets more pillar¢o attaincarbon
neutrality in 2060. Faster (compared to 4S) economic growth is no barrier to more dynamic
emission reductions, as it is accompanied by dynamic m@za¢ion and advanced capacity
additions in all sectors. Such upgraded facilities and manufacture of products with low carbon
footprint for highly competitive local and international markets are critical for the growth in total
factor productivity and nooil and gas GDP.

Figure 6.21 GHG emission pathway in 4D scenario
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In 4D scenarig Russiawill not attain GHG neutrality in 2060, yet will come quite close
with the remaining net GHG emission equal to 8% of the 1990 levelGHG emission
reduction will reach 92% of the 1990 level. £émissions will get to net zer@Hs emissions
will be 62% down in 2060, whileN2O emissionswill be nearly stable over 2022060
(Figure6.22). More research is required to identNigO emissionsn agriculture.lf 243Mt CO;
additional LULUCF sinksre available in 2060, Russia may become Gté@Gtral.

Figure 6.22 CHgsand N 20 emissions in 4D scenario
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6.6.3  Mitigation costs

Total capital expersesin 20222060will amount to 197 yersus247 in 4S) trillion rubles in
2021 prices.Energy and GHG mitigation investments in 4D scenario are lower, than in 4S
i 50trillion rubles , 7 due to a much lower investment demand from the oil and gas sector.
In 4D scenario, investments in low carbon projects amount to92 trillion rubles (versus
78trillion in 4S). This is about as high as investmats in fuels supplyi 105trillion rubles
(versus 169 trillion in 4S). Total investmentdemand fromthe energy sectois 204 trillion
rubles (Figures.23). Total wstsof low carbon technologies in the pewindustryamount to25
trillion rubles Incremental capital investment in energy efficiency 58 trillion rubles.
Investments in the LULUCF sectare close to 3.#illion rubles.

Figure 6.23 Investments in 4D scenario
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No additional investmentdemand is associated with 4D scenariolhe share of investment

in low-carbon transformation (total investmentlessinvestment in fuelsupply) of GDP will

be gradually declining from 2.22.7% in 2021-2030to 1.51.7% in 2050-206Q This decline is
associated with cost reductions for many low carbon technologies, while the uptake will be
increasing. The share of investment in fossil fuel supply will be steadily declining from 5.7% in
2021 to 1.4% in2060, and in 2050 this investment will have lost its dominaeteasg
financialresources for other sectors.

Carbon price in 4S scenariowill be introduced in 2031 at 3$US/tCO: to grow by 3
$US/HCOz annually to 1083US/tCO:2 in 2060. Carbon price colletions will be reaching 5.2
trillion rubles, or 1.3% of GDP. Carbonpricing mechanisms might betroducedasoffsetsby
lowering taxes on inconsethen the taypressureon businesses will not increase. The proceeds
from these mechanisms (2&llion rublesbefore 2060) can be usedfieance 92trillion rubles
worth mitigation options with the leverage ratio below 1:4.

Energy affordability (the share of energy cost in incom@swill be staying close or below the
thresholds andranges registered in 20002021 Carbon prices growth schedule was developed

to avoid exceeding the upper affordability threshéfd®riven by carbon prices, energy price
growth will be offset by energy efficisiency
RENs generation, thus reducing the costs of purchased fuels, electricity, and heat. A carbol

189 For more detail @ Bashmakov I., Myshal . (2018) . 6Mi nus 16 and ener
implications. Journal of Energy, Vol. 2018, Article ID 896248ips://doi.org/10.1155/2018/896243Fashmakov

I. (2017). The First Law of Engy Transitions and Carbon Pricing. International journal of energy, environment,
and economics/olume 25, Number 1, 2017. Pp42.
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pricing scheme was developed looking to avoid impacts on fuel use in the residential sector
Alternatively, the ECS for residential sector in 2060 will be 0.38hdr, which is twice as low

as the 2003 value. If this is the goal, then lesgale support to energy efficiency improvements
and RE development is not to be confined to the pricing mechanisms alone, but rather include -

wide and costly package of enemgfjiciency policies.
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If carbon price doublesin 2060 from 108 to 216 $US/t CQ, carbon neutrality may be
attained with out any incremental LULUCF sink (Figure6.25). The declining LULUCF sink
trend can be compensated by more substantialéd@ssion reductions in other sectors. Every
additional 1$US/tCQ allows it to reduce incremental LULUCF sink demand by 1.7 Mt.
However, when the carbon price reacBés $US/tCQ, ECSs will exceed the threshold levels.
ECS in GDP will reach :23% beyond 2030, which is prohibitive for economic growth, and the
share ofcarbon payments in GDP will reach 3.6% in 2035 to further decline to 2.7% in 2060.
Such high carbon price doesndét give consum
amount of forestry projects, if successful in storing carbon for a long timéessidostly, than
other mitigation options elsewhere, might help to attain carbon neutrality in 2060 with a
moderate and affordable carbon price.

Figure 6.25 Incremental (versus baseline) LULUCF sink as a function of

emission reductions in other sectors driven by carbon price
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7 4F 0 Fossil Fuels For Feedstock

4F scenariobuilds on the same economic assumptions as 4D. Builds upon 4D in all
sectors andwasdeveloped tosee,to what degree Russiariossil fuel resources including oil

and gas can be additionally used as feedstock for chemicalsgroduction, including plastics,
ammonia, and hydrogen and how GHG emssions will be evolvingthen. There are a few
differences though. Oil and gas production is larger, than in 4D, affecting economic growth and
investments in the oil and gas sector. In addition, 4F assumes hydrogen and ammonia export
which bring additional export revenues aondrapact the macroeconomic parameters.

In its Net Zero by 205@eport IEA specifies the followingeasongpreventingfossil fuel usdrom
falling down to zero ir05Q*°

1 Fossil fuelsuse forn o n e n e r gin applicatiopsowheres thizliels are not combusted
andso do not result in direct G@missionssuch as chemical feedstocks, lubrisamaraffin
waxes and asphalt;

1 Fossil fuels use at installations equipped V@tBUS Around half of fossil fuel use in 2050 is
in plants equipped ih CCUS including natural gas conversioto blue ammonia or
hydrogen with CCUS.

Globally, thelEA Net Zeroscenario expects neenergy use of 700 Mtoe of oil, 180 Mtoe of
natural gas, and nearly 50 Mtoe of coa205Q*

In 4F, the assumption is th&ussia will expand its plastics, ammonia, hydrogen and other
chemicals supply to the international markets. There are good prospects for increased globse
consumption of these chemicals by rmeghtury. As Russian oil and gas exports will be
shrinking, growng chemicals production and exports might be able to substantially mitigate
some of the lost export revenues and budget income. However, only low carbon chemicals will
be welcomed by these markets and encouraged by CHd&Mnechanisms.

7.1 International chemi cals and hydrogen markets

According to the available projections, global plastics production could more than double
from almost 400 Mt in 2019to 985 Mt in 205Q In low-carbon scenarios, it rises to 6659 Mt
(Figure7.1). In the IEAprojection expectedgrowth is 2840% in 20192050 with a peak in
2050 followed bya 10% reductionfrom this peaktowards 2060.n their Planned Energy
Scenario (PES)Saygin and Gielen (2021) expect virgin plastics markegrmw to 800 Mt
(Figure7.2).

Only impressive progss in plastics waste managemeanlimit virgin plastics demand growth.
If someof the exported plasticsverecombusted after thend oflife of products in which they
are emldded say as fuel for clinker production at facilities with CQfey would geerateno
emission.

Global ammonia production is expected to grow 2.5old from 175-183 Mt in recent years
to 441 Mt in 2050 Ammonia and methanol producti@me expected tgrow significantly as
new market segments emerge for chemical building bldgkdrogen shipping fuels and power
generation Kigure 7.2). According to somestimatesammonia marketould reach 1000 Mt1%2
Ammonia synthesisusing renewableenergyis a carborfree process witha centurylong

1901EA. 2021. Net Zero by 2050. A Roadmap for the Global Energy Sector.
191 |bid.
192yalentini A. 2020. Green shifttocreatdli | | i on tonne o6green ammaume2020 mar
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history*®®and a pealin 19661970. Ammoniacan be produced from fossil fuels using CCS, if it
IS costcompetitive.

Figure 7.1 Projections of global plastics production
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Figure 7.2 Estimated production volumes of the key chemicals in 2050
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Ammonia has a higher volumetric energy dendityan liquefied hydrogenand so does not
require suchlarge tanks for storagd* Ammonia is an effective transport Rigure7.2) and
storage mediumit is easily stored in large quantities as a liquid at enaipressures (5

bar) or refrigerated te3 3 A C . I n t hgysdendtyisamound 40%fshatempetmoleum.

As azerocarbon fuelammonia can be either used in fuel cells, or combusted in ICEs, industrial
burners and gas turbines. The maritime industry is likely to be an early adopter of ammonia as

193 Rouwenhorst, K.H.R.Travis, A.S, Lefferts, L. 19212021: A Century of Renewable Ammonia Synthesis.
Sustain. Chen022 3, 149 171.https://da.org/10.339065uschem3020011

194 American Bureau of Shipping. 2020. SUSTAINABILITY WHITEPAPER. AMMONIA AS MARINE FUEL.
OCTOBER 2020
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fuel. Ammonia has the potential to decarbonize rail, heavy road transpod aviation.
Ammonia isan effective energy carridior international supply chains. It has lower cost and
mucheasier to store and transpdttanhydrogen. The international infrastructusealreadyin
place!®® Closer tothe consumption pointammonia can be decomposeulr 60crimac k ed
nitrogen and hydrogemhen needed. Ammonia can also be used for heat storage.

Global hydrogen production is expected to growfrom 87 Mt in 2020 to 528 Mt in 2050
(Figure7.3). Hydrogen use for chemicals production is expected to gitmhtly i from 46 to
60 Mt, in iron and steel from 5 to 40 Mt. The major growth is expected for energinakeling
60 Mt to be bended in gas grids. Global hydrogen market may reach $US®5®illion in
2030 and $US 500 billionin 20507 up from present $US 12 billiogt

Figure 7.3 Global hydrogen and hydrogen  -based fuel use int he NZE
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7.2 Chemicals, ammonia, and hydrogen production
perspectives in Russia

The international restrictions have substantially limited access to the potential global
markets for Russian chemicals, ammonia, and hydrogen.The Hydrogen Energy
DevelopmeniConceptof the RussianFederation(approvedby the RF GovernmentDecreeNo.
2162r of August 5, 2021) specifies the following potential global hydrogen exgb2tdit in
2024y, 2-12 Mt in 2035 and15-50 Mt in 205Q depending on the global low carbon economic
development rates and global hydrogen demand evolution RFhelinistry of Industry and
Tradehasdevelopeda Map of Russianprojectsto produce low and zero carbon ammoainl
hydrogen, which shows the locations of 33 scheduled proj€atgire7.4). These projects
include Rosatonds four pilot projectsto producehydrogenin 2024 2025in Kaliningradskaya,
Murmanskaya, and Sakhalinskaya Oblasts, of which the first two wgmeosed to supply
hydrogen to the European markefgcording to the RF Ministry of Energy the investment
demandrom the hydrogen industry BUS 33 billion, and3.9i 5.6 trillion rubles in tax revenues
were expected with a potential to contribute-0.2% to GDP ir20252030.

In 4F, and assumption is made thatow carbon hydrogen expors will grow up to 15Mt in
2060 (versus 0.7 Mt in 4D scenario), and low carbon ammonixports will reach 15Mt in
2060 (versus 6.5 Mt in 4D scenario). In addition, noenergy use for chemicals will

195 Ammonia: zerecarbon fertilzer, fuel and energy starissued: February 2020

196 McKinsey & Company. 2022. Playingffense to create value in the 1z&tro transition. McKinsey Quarterly.
April 2022.

197 Bashmakov I.A., Bashmakov V.l., Borisov K.B., Carvalho P., Drummond P., Dzedzichek M.G., Lunin A.A.,
Lebedev O.V. (2020). Monitoring low carbon technologies deploymeRuissia.Ekologicheskiy Vestnik Rossii,
No. 4, pp. 611. (In Russian)The global hydrogen arket is expected to reach $2.5 trillion by 2050 | Edmonton
Journal

198 Hydrogen Market Analysis, Sizand Trends Global Forecast 20222030 (thebusinessresearchcompany.com)
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accelerate to maintain industrial production growth rates to 2060.The sanctions have
restricted access to many of the global hydrogen marketsthe distance to the remaining
potential markets makes exports economically impractical for the high transporiftestfore,
for the years to come, the focus will be put on the domestic hydrogen nfaoketxample
Rosatonds project fiSakhalin hydrogen beltdo targets exactly the domestic market 7 trains
poweredby this newfuel and2 hydrogenstationsfor 30 thousand tons of hydrogen per year.

Figure 7.4 A map of Russian projects to produce low and zero carbon
ammonia and hydrogen

Source RF Ministry ofIndustryand Trade.

Figure 7.5 Cost estimates for the transport of energy as hydrogen or
ammonia by ship and pipeline

Source: Internationatnergy Agency. The Future of Hydrogen, June 2019. https://webstore.iea-dutpitiesof-
hydrogen (accessed 24 October 2019).
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