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Abstract. Active anthropogenic activity is one of the main causes of serious environmental problems that
hinder the development of the Arctic zone of Western Siberia — the most important resource potential of
the country. The implementation of climate projects based on natural solutions is one of the areas of envi-
ronmentally oriented economic growth. The formation and development of sequestration business is pos-
sible if there are conditions ensuring its economic efficiency. The article estimates the costs of absorbing of
1 ton of greenhouse gases during the implementation of climate projects in the northern taiga of Western
Siberia. To achieve the goal, the predicted values of carbon sequestered from the atmosphere were calcu-
lated for different project scenarios. The CO, effect was measured and the costs of carbon sequestration by
tree and shrub communities of willow, alder and pine were analyzed. Alder monocultures showed the larg-
est volumes of CO, uptake and the lowest costs per carbon unit according to the carbon discounting model.
CO, duration analysis shows the sensitivity of the cost per carbon unit of a climate project based on alder
monocultures to changes in the discount rate. The break-even price of a carbon unit is substantiated, which
allows comparing it with the market price and drawing conclusions about the economic efficiency of the
climate project on carbon sequestration. The study results provide practical recommendations for making
decisions about investing in nature-based climate projects for low-carbon development in northern West-
ern Siberia. The methodological approaches disclosed in the article can be used in other regions of Russia.
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Introduction

The socio-economic development of the Russian Federation is directly related to the explo-
ration and development of the richest reserves of natural resources in the Arctic zone of the coun-
try. Active anthropogenic activity is one of the main causes of serious environmental problems
that hinder the development of the region L

One of the features of the Arctic zone of Western Siberia is the coexistence of industrial
development of natural resources and the traditional activities of the indigenous population of the
Far North. Human industrial and economic activity causes serious damage to the northern nature,
including polluting the atmosphere with greenhouse gas emissions, which affects the environment
and the living conditions of the indigenous peoples of the Far North. Territories with anthropogen-
ically altered landscapes require measures not only to preserve ecosystems, but also to restore
their natural state, which involves a set of appropriate investment measures 2. The Federal scien-
tific and technical program in the field of environmental development of the Russian Federation
and climate change for 2021-2030 3 provides, among other things, for the development and test-
ing of a methodology for scientifically based determination of effective technologies for green-
house gas absorption. Under these conditions, the ecosystem of the north of Western Siberia is of
great interest from the perspective of studying the efficiency of carbon sequestration activities for
the purpose of sustainable economic development while reducing greenhouse gas emissions and
protecting the environment.

Federal laws * have laid the foundation for the formation of a new sequestration business
and a carbon unit market in Russia. The carbon sequestration business is based on a climate pro-
ject (hereinafter referred to as a CP). According to the Federal Law “On limiting greenhouse gas
emissions”, a climate project is “a set of measures to reduce (prevent) greenhouse gas emissions

(hereinafter referred to as GHG) or to increase their absorption”. At the same time, CP should

! Gosudarstvennyy doklad «O sostoyanii i ob okhrane okruzhayushchey sredy Rossiyskoy Federatsii v 2020 godu»
[State report "On the state and protection of the environment of the Russian Federation in 2020"]. URL:
https://2020.ecology-gosdoklad.ru/ (accessed 04 September 2023).

2 «Osnovy gosudarstvennoy politiki Rossiyskoy Federatsii v Arktike na period do 2020 goda i dal'neyshuyu perspektivu»
(utv. Prezidentom RF 18.09.2008 Ne Pr-1969) ["Fundamentals of the state policy of the Russian Federation in the Arctic
for the period up to 2020 and beyond" (approved by the President of the Russian Federation on September 18, 2008
No. Pr-1969)]. URL: https://www.consultant.ru/document/cons_doc_LAW_119442/ (accessed 04 September 2023).

® Postanovlenie Pravitel'stva RF ot 08.02.2022 Ne 133 «Ob utverzhdenii Federal'noy nauchno-tekhnicheskoy
programmy v oblasti ekologicheskogo razvitiya Rossiyskoy Federatsii i klimaticheskikh izmeneniy na 2021-2030 gody»
[Resolution of the Government of the Russian Federation of February 08, 2022 No. 133 "On approval of the Federal
scientific and technical program in the field of environmental development of the Russian Federation and climate
change for 2021-2030"]. URL: https://www.consultant.ru/document/cons_doc_LAW_409370/ (accessed 04 September
2023).

4 Federal'nyy zakon «Ob ogranichenii vybrosov parnikovykh gazov» ot 02.07.2021 Ne 296-FZ [Federal Law "On limiting
greenhouse gas emissions" dated July 02, 2021 No. 296-FZ]. URL:
https://www.consultant.ru/document/cons_doc_LAW_388992/ (accessed 04 September 2023); Federal'nyy zakon «O
provedenii eksperimenta po ogranicheniyu vybrosov parnikovykh gazov v otdel'nykh sub"ektakh Rossiyskoy Feder-
atsii» ot 06.03.2022 Neo 34-FZ [Federal Law "On conducting an experiment to limit greenhouse gas emissions in certain
subjects of the Russian Federation" dated March 06, 2022 No. 34-FZ]. URL:
https://www.consultant.ru/document/cons_doc_LAW_411051/ (accessed 04 September 2023).
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meet a set of criteria °. One of the criteria is additionality. Taking this criterion into account allows

defining a CP as a set of special, additional measures, the implementation of which leads to a re-
duction in emissions or an increase in GHG absorption as a result of changing the conditions of the
baseline scenario. Russia has high potential for implementing climate projects in the field of na-
ture-based solutions, including afforestation and reforestation [1]. The center of our attention is
the CP on carbon sequestration by tree and shrub communities in the conditions of the northern
taiga of Western Siberia.

Formation and development of the sequestration business is possible under conditions en-
suring its economic efficiency. Foreign researchers showed active interest in the economics of car-
bon sequestration back in the late 20th century. Foreign authors have published many studies of
the absorption capacity of various ecosystems, including Arctic ones. Thus, Fisher J. B. et al [2]
note that Arctic territories (Arctic Alaska) are characterized by increased uncertainty of the carbon
cycle. It is likely that this may complicate the economic assessment of carbon sequestration. A
large number of foreign studies, including reviews, are devoted to the economics of forest man-
agement for carbon deposition [3, Richards K.R., Stokes C.; 4, Boyland M.; 5, Rubin E.S., Davison
J.E., Herzog H.J.; 6, Baker E.D., Khatami S.N.; 7, Friedmann S.J., Zhiyuan F., Zachary B.; 8, Lehtveer
M., Emanuelsson A.; 9 Mei B., Clutter M.L. et al.]. Some authors have studied the transaction costs
of carbon sequestration projects [10, McCann L., Colby B., Easter K.W.; 11, Antinori C., Sathaye J.;
12, Ruseva T.B.].

In general, the assessment of the economic efficiency of carbon sequestration on nature
solutions is based on classical approaches adopted in investment analysis. The application of these
approaches requires taking into account the specifics of the nature-based climate project (the sub-
ject of the CP), which is carried out by the authors in different ways. A review of the literature on
the economics of carbon sequestration on nature-based solutions showed ambiguous results.
Comparability of research results is complicated by terminological uncertainty, geographical cov-
erage, system of assumptions, level of detail of costs and benefits, etc. Studies have used different
ecosystem components, different levels and forms of carbon output to estimate the flow of car-
bon sequestration.

Recently, there has been a growing interest in such studies in relation to Russian ecosys-
tems [13, Morkovina S.S., Panyavina E.A., Zinovieva |.S.; 14, Nazarenko A.E., Krasnoyarova B.A.; 15,
Kruk M.N., Korelskiy D.S.; 16, Korotkov V.N.; 17, Fomenko M.A., Loshadkin K.A., Klimov E.V. et al.].

> Prikaz Minekonomrazvitiya Rossii ot 11.05.2022 g. N2 248 «Ob utverzhdenii kriteriev i poryadka otneseniya proektov,
realizuemykh yuridicheskimi litsami, individual'nymi predprinimatelyami ili fizicheskimi litsami, k klimaticheskim
proektam, formy i poryadka predstavleniya otcheta o realizatsii klimaticheskogo proekta (Zaregistrirovano v Minyuste
Rossii 30.05.2022 Ne 68642) [Order of the Ministry of Economic Development of Russia dated May 11, 2022 No. 248
“On approval of the criteria and procedure for classifying projects implemented by legal entities, individual entrepre-
neurs or individuals as climate projects, the form and procedure for submitting a report on the implementation of a
climate project (Registered by the Ministry of Justice of Russia May 30, 2022 No. 68642)]. URL:
https://www.consultant.ru/document/cons_doc_LAW_418257/ (accessed 04 September 2023).
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However, the economic aspects of carbon sequestration by natural ecosystems of Russia have not

been sufficiently studied.

The main issue in implementing the carbon sequestration CP is related to estimating the
costs of deposition (sequestering and accumulating) of 1 t of CO,, which corresponds to the
breakeven price of a carbon unit (hereinafter referred to as CU). The article estimates the costs of
absorbing 1 t of CO, during the implementation of the CP in the conditions of the northern taiga —
the southern boundary of the Arctic ecosystem of Western Siberia. We take as a basis the general-
ly accepted approach to determining the costs of depositing 1 t of CO, as the ratio of the total
costs of sequestration to the amount of deposited GHG. To achieve this goal, we address the fol-
lowing tasks:

e estimate the carbon deposited from the atmosphere by comparing project scenarios for

different planting species — willow, alder and pine;

e determine the flow of costs for GHG deposition by tree and shrub communities in the

conditions of the northern taiga;

e estimate the costs per CU and their sensitivity to changes in the discount rate.

Materials and methods

For assessment of carbon deposited from the atmosphere as a result of the implementa-
tion of the CP on the creation of tree and shrub plantations on dry sand quarries in the northern
taiga of Western Siberia, the forecast data on the dynamics of the components of the carbon bal-
ance formed by tree and shrub plantations typical of the northern taiga and distinguished by the
fastest growth — willow, alder and pine — were initially calculated.

According to studies on the structure of terrestrial phytomass of tundra and forest-tundra
zones of Western Siberia, the largest reserve of phytomass is typical for alder shrub tundra —
5,583 g/m2. The height of shrubs can reach 2-2.5 m, the density of plantations does not contrib-
ute to the development of the ground cover. The second place in terms of distribution and phy-
tomass reserves is occupied by willow formation — up to 4,635 g/m2 [18, Sorochinskaya D.A., Le-
onova N.B.]. Pine is estimated by researchers as the most productive species on sandy soils of the
taiga zone. This allows distinguishing three CPs for one natural zone — the northern taiga of
Western Siberia, but with different tree and shrub plantations. Published data on the course of
growth and dynamics of biological productivity of forest stands of different ages [19, Shvidenko
A.Z., Shchepashchenko D.G., Nelson S.] show that, on average, the productivity of these species
begins to decline at different ages: willow — at 15-20 years, alder — at 20-25 years and pine — at
45-50 years, which should also affect the intensity of carbon absorption by plant phytomass. This
determined the forecasting period of 20 years for willow, 25 years for alder, 50 years for pine from
the conditional moment of planting of tree and shrub plantations.

In order to identify the most effective species composition in terms of sequestration po-

tential using forecast models for calculating carbon absorption by tree and shrub plantations cre-
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ated as a result of project activities [20, Zamolodchikov D.G., Grabovskiy V.l., Kraev G.N.], data on

carbon absorption (indicators of the ability of various plantations to absorb atmospheric carbon)
were calculated with a step of one year for willow, alder and pine in the conditions of the northern
taiga. All data were selected from tables for the sparse forests and sparse stands in Western Sibe-
ria, the northernmost ecoregion for which the tables are published ® When selecting tables for
entering data into the model, the prevailing bonitet of forest plantations, soil type and prevailing
tree stand density in the area of the proposed CP for the creation of tree and shrub plantations
were taken into account. When forecasting the carbon balance, soil respiration and GHG emis-
sions during the operation of machines and equipment were also taken into account. The baseline
was constructed on the basis of the ecosystem balance data of clean sands on sandy blowouts in
the Nadym area in 2022 according to the archive materials of the Research Institute of Ecology
and Rational Use of Natural Resources of Tyumen State University.

The Federal Law “On limiting greenhouse gas emissions” defines the CP result as an in-
crease in GHG absorption. To assess the result, we calculate the carbon balance “with the project”
(CB;) and the carbon balance “without the project” (baseline) (CB,). The assessment of the CP for
carbon sequestration by tree and shrub communities is made by comparing “with the project” and
“without the project” situations.

We introduce the concept of “CO,; effect”. The CO, effect for the t-th year achieved due to
the implementation of the project (t/ha), (Y;) is calculated using the following formula:

Y = CB; — CB, (1)

Deposited CO, is converted into CU by the rule: 1 ton of CO, = 1 CU. Carbon units are
formed under the condition of a positive value of the CO, effect, i.e. formally:

Y; = max(Y; 0) (2)

Costs for the implementation of CP on the creation of forest plantations for carbon depos-
iting depend on specific conditions [13, Morkovina S.S., Panyavina E.A., Zinovieva 1.S.]: the period
of exploitation, the main tree species, the technology of creation. From the perspective of the
purpose of the study, the list of one-time cost items and current expenses for the implementation
of the carbon plantation activities is of fundamental importance. One-time costs include the pur-
chase of laboratory and testing equipment, activities on the plantation arrangement and forestry
work to create a carbon plantation taking into account the species composition. Current expenses
for the implementation of the carbon plantation activities include the cost of raw materials and
supplies, wages, accruals for wages, costs of maintenance and operation of equipment. A distinc-
tive feature of the considered CPs for the creation of tree and shrub plantations on dry sand quar-
ries in the northern taiga of Western Siberia is the obligatory presence of costs for land reclama-
tion (technical and biological), which are of a one-time nature. Transaction costs formed by inter-

ested parties are also associated with the CP [21, Boldyreva N.B., Reshetnikova L.G.].

¢ Zamolodchikov D.G., Grabovskiy V.I., Kraev G.N. Calculation of carbon absorption by forests created as a result of
project activities on afforestation and reforestation, Software. Version 1.0, CEPL RAS, 2009.
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The most common CU cost estimation models considered in the literature are the flow
summation model and the carbon discounting model [22, Pearson T.R.H., Brown S., Sohngen B. et
al.]. Both models involve dividing the discounted costs by the total number of CU. The fundamen-
tal difference between the models is related to the denominator. Flow summation is the simplest

method for estimating the costs of CU. It divides the discounted costs by the total number of CU:
CC, = =5 (3)

?:0 Yt
where CCy — the cost of CU using the flow summation method; DC — the discounted costs; Y —

the number of tons of CO, absorbed in the t-th year; n — the planned period of CO, sequestration.
The carbon discounting model divides the discounted costs by the present value of carbon

units:

DC DC
CCd = E =n v (4)
Zf=°(1+r)t

where CC; — the cost of CU using the carbon discounting method; DY — the discounted carbon;
r — the discount rate.

There are two arguments to justify the concept of carbon discounting:

1) current sequestered CO, is more valuable than prospected sequestered CO,. If the value
of current and prospective sequestered carbon is the same, it is economically feasible to postpone
the action for an indefinite period in order to avoid the costs of implementing the CP;

2) from a business point of view, it is not the sequestered carbon itself that is valuable, but
the possibility of monetizing it through the transformation of deposited CO, into CU. If CO, is sold
in the form of CU as it is absorbed, then it is included in the calculations in the monetary equiva-
lent.

In general, the assessment of the present value of the costs of CU under different CPs al-
lows comparing them with each other and choosing the most economical option. For economic
analysis, tons of absorbed CO, (carbon units) are discounted in the same way as cash payments.
We consider the same discount rates for both costs and carbon. The assessment of the costs of CU
for a specific CP using model (3) will always give a lower result than the assessment using model
(4), all other things being equal. The difference in the assessment results depends on the discount
rate. At a zero value of the discount rate, the carbon discount model is transformed into a flow
summation model. There are various approaches to substantiating the discount rate: based on al-
ternative costs, investment approach, cost of capital, social, etc. In the investment approach, the
discount rate is the rate of return on investment required by the investor [23, Arrow K., Cropper
M., Gollier C. et al.; 24, Kamnev |.M.].

A distinctive feature of the CP is a long life cycle. Therefore, we assume that in models (3)
and (4), the costs will grow annually with a constant growth rate. Discounting of annual costs is

performed at a nominal rate (including the inflation premium):

Ct.(l +T)n

— n
DC - Zt:o (1+7")t )2 (5)
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where C; — the cost of CP implementation in the t-th year; T — the annual growth rate of costs.

To model the impact of the discount rate on CU costs, we use duration, which is the aver-
age term of the present cash flow [25, Macaulay F.R.]. This is the period of time until the full re-
turn of investments, as well as a measure of interest rate risk. In the context of the research objec-
tive, we use the term “CO, duration”, which is the average period of time to achieve the breake-
ven price of the CU, and it allows us to assess the degree of dependence of the costs of the CU on
the change in the discount rate. The longer the duration, the greater the changes in the CU costs
with a change in the interest rate, i.e. the higher the interest rate risk. In general, CO, duration
characterizes:

e sensitivity of CU costs to changes in the discount rate;

e risks associated with carbon sequestration. The shorter the CO, duration, the faster the
breakeven price of the CU is achieved, and the lower the risk of not receiving income
from the CP.

To model the impact of the discount rate on the CU costs calculated using models (3) and

(4), the modified CO, duration for models (3) and (4) were found:

dCCq
/ccy _dInCCq _ _ 1pn _ tG 1en Y (6)
dr dr DCHt=0 (14p)t+1 T py HE=0 (1 4yt+1
dcc
ocg _dInCCs 1 wn G )
dr dr DC “t=0 (14)tH1

We also model the effect of the discount rate on the ratio (A) of CU costs according to

model (3) to the CU costs according to model (4):

CCq Yizo Yt

A= C_CS = n Y (8)
t=0(147)t
CCq
dd/, dIngt  gnccy dInCCs | 1 wn  tY ()
dr ~ dr  dr dr Dy “t=0(14pyta

In general, formulas (6) and (7) show the sensitivity of the CU costs to a 1% change in the
discount rate using models (3) and (4), respectively. Formula (9) allows estimating how much the
CU costs will change according to model (4) compared to the model (3) when the discount rate

changes by 1%.

Research results
The CPs in the conditions of the northern taiga of Western Siberia were modelled. Three
project scenarios are considered:
1. CP of CO, absorption by willow monocultures;
2. CP of CO, absorption by alder monocultures;

3. CP of CO, absorption by pine monocultures.
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In all scenarios, the level of CO, absorption is estimated excluding GHG emissions from
used machines and mechanisms, as well as carbon emission by soil. Estimates are calculated for
different periods depending on the species of plantations — 20 years for willow, 25 years for al-
der, 50 years for pine. The discount rate is 15% — the rate of return required by the investor. Sec-
ondary benefits are not taken into account.

The CO, effect for various project scenarios is shown in Fig. 1.

20
== C02 absorption by willow

e (C0O2 absorption by alder

CO2 absorption by pine

[y
w
———

CO2-effect, tons/hectare
=
o

(52}

\ |

0 5 10 15 20 25 30 35 40 45 50
The term of the climate project, years

Fig. 1. CO, effect for different CP scenarios for the creation of a tree and shrub plantation in the northern taiga .

Figure 1 shows that the CO, effects in the northern taiga are various for different planta-
tions. The largest absorption volumes are demonstrated by alder monocultures.

Only upcoming costs are taken into account for the CP assessment. Based on the CP fea-
tures and the long term of its implementation, it is important to divide the costs into one-time and
current. One-time costs for the implementation of the CP at the beginning of its life cycle include
costs for technical land reclamation and biological reclamation. For technical land reclamation,
costs are provided for machines and mechanisms, as well as labor costs for slope and bed planning
and for mechanized area planning. For biological reclamation, costs are envisaged for disking vir-
gin and fallow lands on light and medium soils, soil cultivation with simultaneous harrowing,
mechanized loading and spreading of organic and mineral fertilizers, planting of the corresponding
crops (alder, willow, pine), sowing of perennial grasses and rolling of crops. Material costs include
the purchase of organic and mineral fertilizers, planting material of relevant crops and lawn grass

seed mixes, as well as their delivery costs.

7 .
Source: authors’ calculations.
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Current annual costs of plantation maintenance (monitoring), including CO, measure-
ments, replanting of seedlings in case of excessive thinning and reseeding of perennial grasses, are
incurred during the first 15 years of the life cycle of the CP. We assume that current costs grow at
a constant growth rate of 4% per year (the Bank of Russia inflation target). Transaction costs and
taxes are not taken into account. We forecast the costs associated with the implementation of the

CP using expert estimates in this field (Table 1).

Table 1

Costs of implementing the CP for creating a tree and shrub plantation in the northern taiga under different
project scenarios, thousand rubles/ha

Willow Alder Pine
Year One-time costs Current One-time costs Current One-time costs Current
costs costs costs
0 233 282 - 233 282 - 155 345 -
1 - 6398 - 6398 - 7 094
2 - 6 654 - 6 654 - 7378
3 - 6920 - 6920 - 7673
4 - 7 197 - 7 197 - 7 980
5 - 7 485 - 7 485 - 8299
6 - 7784 - 7784 - 8631
7 - 8096 - 8096 - 8976
8 - 8419 - 8419 - 9335
9 - 8756 - 8756 - 9708
10 - 9106 - 9106 - 10097
11 - 9471 - 9471 - 10501
12 - 9 850 - 9 850 - 10921
13 - 10 244 - 10 244 - 11357
14 - 10653 - 10653 - 11812
15 - 11079 - 11079 - 12 284

The costs of implementing the CP depend on the project scenario. When implementing the
CP for CO, absorption by pine monocultures, the one-time costs are one third less, while the cur-
rent costs are 10% more compared to the CP for CO, absorption by alder or willow monocultures.
The one-time and current costs of implementing the CP for CO, absorption by alder and willow

monocultures are at the same level.

The results of the cost estimate for the CU at a discount rate of 15% p.a. are presented in

Table 2.

Table 2
Costs for the CU during the implementation of the CP for creating tree and shrub plantations
in the northern taiga
Cost estimation Present value of Amount of Discounted amount | Costs of CU,
model all costs, Ccu of CU thous. rub.
thous. rub./ha
Willow monocultures

Flow summation 278.573 77.90 - 3.576
model (3)
Carbon discounting 278.573 - 15.21 18.315
model (4)
Alder monocultures
Flow summation 278.573 248.76 1.120
model (3) i
Carbon discounting 278.573 - 69.21 4.025
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model (4) | | | |
Pine monocultures
Flow summation 205.561 193.95 - 1.060
model (3)
Carbon discounting 205.561 - 23.64 8.695
model (4)

Table 2 shows that the costs of CU according to the carbon discounting model (4) exceed
the costs of CU according to the flow summation model (3) by 3.6-8.2 times, depending on the
crop. The lowest costs of CU according to the flow summation model are obtained when imple-
menting the CP of CO, absorption by pine monocultures — 1,060 thousand rubles. The costs of CU
when implementing the CP of CO, absorption by alder monocultures slightly exceed this indicator
(by 60 rubles). At the same time, alder monocultures show the lowest costs of CU according to the
carbon discounting model — 4,025 thousand rubles. The costs of CU when absorbing CO, by pine
monocultures according to the carbon discounting model are 2.2 times higher than the costs for
alder monocultures. The highest costs of CU are obtained when implementing the CP of CO, ab-
sorption by willow monocultures — 3,576 and 18,315 thousand rubles, depending on the cost as-
sessment model.

The impact of increasing the discount rate from 15% to 16% on the costs of CU calculated

using the models considered is shown in Table 3.

Table 3
Change in costs of CU when the discount rate increases by 1% using different assessment models, thousand
rubles
Cost estimation . .
model Willow monocultures | Alder monocultures Pine monocultures
Flow summation -0.875 -1.999 -1.315
model
Carbon discounting +8.256 +7.305 +6.931
model

Table 3 shows that alder monocultures have the highest sensitivity of CU costs calculated
using the flow summation model to changes in the discount rate, while willow monocultures have
the lowest sensitivity. Willow monocultures have the highest sensitivity of CU costs calculated by
the carbon discounting model to changes in the discount rate, and pine monocultures — the low-
est one. The CP based on alder monocultures occupies an intermediate position in terms of the
sensitivity of the costs of CU calculated using the carbon discounting model to changes in the dis-
count rate in comparison with the CP with alternative monocultures.

Figure 2 shows the effect of the discount rate on the costs of CU calculated using the con-

sidered models for alder monocultures.

Arctic and North. 2024. No. 56



SOCIAL AND ECONOMIC DEVELOPMENT

Natalia B. Boldyreva, Ludmila G. Reshetnikova, Natalia V. Zherebyatyeva, Anton P. Devyatkouv... e

6000

5000 A

4000

3000

———0—0——o- -9

1000

Costs per Carbon unit, thousand rubles.

0 2.5 5 7.5 10 12.5 15 17.5 20

Discount rate, % per annum
=@- Carbon discounting model =@=Flow summation model
Fig. 2. Effect of the discount rate on the costs of CU for alder monocultures using the carbon discounting and flow summation
models, thousand rubles ®.

Figure 2 shows that with an increase in the discount rate, the costs of CU increase accord-
ing to the carbon discounting model, and decrease according to the flow summation model. In
other words, an increase in the rate of return on investment required by the investor leads to a
decrease in the costs of CU according to the flow summation model, which is economically mean-

ingless.

Conclusion

Territories with anthropogenically altered landscapes require measures not only to pre-
serve ecosystems, but also to restore their natural state, which implies appropriate investment
activities. Such activities are associated with the implementation of climate projects. An important
stage of climate project implementation is the assessment of its economic efficiency. The main
issue in the implementation of the CP on carbon sequestration is related to the estimation of costs
of depositing 1 t of CO,, which corresponds to the break-even price of a carbon unit. The article
estimates the costs of absorption of 1 t of CO, when implementing the CP in the conditions of the
northern taiga of Western Siberia. The amount of costs per unit is influenced by various factors.
The primary basis is associated with the dynamics of carbon sequestration (implementation of the
carbon-depositing function by forest ecosystems of the northern taiga). As a result of the study, it
was found that in the conditions of the northern taiga of Western Siberia, alder monocultures
show the best results in CO, absorption.

The choice of the model for estimating CU costs also affects the results of calculations,

which, all other things being equal, depend on the discount rate adopted. The carbon discounting

8 .
Source: authors’ calculations.
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model increases the cost of the project. In our opinion, given the long term of the CP implementa-
tion, this model reflects the real state of affairs more adequately. The costs of CU according to the
carbon discounting model for alder monocultures amounted to 4,025 thousand rubles, which is
more than 2—4 times less than the same indicator for alternative monocultures. This result shows
the break-even price of CU, allows comparing it with the market price of CU and drawing conclu-
sions about the economic efficiency of the climate project for the creation of tree and shrub plan-
tations. The sensitivity analysis of CU costs to changes in the discount rate on the basis of CO, du-
ration shows the sensitivity of the economic efficiency of the CP based on alder monocultures to
interest rate risk. The CP based on alder monocultures occupies an intermediate position in terms
of the CU costs sensitivity calculated using the carbon discounting model to a change in the dis-
count rate in comparison with alternative CPs.

The results of the study provide practical recommendations for making decisions on invest-
ing in nature-based climate projects for the purpose of low-carbon development of the north of
Western Siberia. The methodological approaches disclosed in the article can be used in other re-

gions of Russia.
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