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Introduction
The concept of "sustainable development" [1] implies the satisfaction of mankind's needs of 

the present time without undermining the ability of future generations to meet their needs.
Carbon neutrality [2] means that carbon dioxide emissions do not exceed those absorbed by 

oceans and forests.
The reason for the emergence of the above concepts were unfavorable forecasts [3] of 

interrelated trends in energy consumption by mankind, depletion of non-renewable reserves of fossil 
fuels and an increase in the content of greenhouse gases in the atmosphere. The essence of all 
forecasts is that:
 global energy consumption by humanity is constantly increasing;
 global reserves of fossil carbon fuels are not renewable and will be depleted for some period;
 the duration of the period of full depletion of fuel reserves is the less, the greater the energy 

consumption;
 the amount of greenhouse gases in the atmosphere will increase during the entire depletion period 

of carbon fuel in proportion to its used amount;
 the exact values of energy consumption, fossil fuel reserves, the duration of the period of their 

full depletion, the increase in the amount of greenhouse gases in the atmosphere associated with 
the use of carbon fossil fuels, as well as the law of a constant increase in human energy 
consumption are unknown.

The UNFCCC framework convention [4] was the answer to the forecasts described above. It 
provides for the replacement of traditional energy sources (hereinafter - TES) with renewable energy 
sources (hereinafter - RES). Its peculiarity is the absence of criteria, rules and method for choosing 
the best renewable energy sources according to their ability to maximally preserve reserves of fossil 
fuels and minimize greenhouse gas emissions, provided that humanity's energy needs are met. 
Economic criteria, rules and assessment methods are established in it as the main ones in the 
choosing of projects for the energy transition.

This means that the authors of the UNFCCC have replaced with economic goals its original 
goal of providing "sustainable development". The IEA motivated this change as forced as follows 
[5]: «There is no simple rule for setting the right balance, which depends on national 
circumstances and is influenced by the level of economic development, the degree of market 
liberalization, the energy import dependency, existing track record in energy efficiency and 
renewable energy policies, and environmental and climate change commitments.» The 
discussion of the possibility of providing "sustainable development" continues in the framework of 
the discussion about the "energy trilemma" [6].

We conducted our own research, which ended with the creation of a set of criteria, simple 
rules and a method for providing the principles of "sustainable development" when replacing TES 
with RES. In the process of research, we have developed a universal mathematical model for 
predicting the depletion of fossil fuel reserves. It establishes an unambiguous mathematical 
relationship between the consumption of energy by humanity, the preservation of reserves of non-
renewable energy resources, the increase in the amount of greenhouse gases in the atmosphere, the 
duration of the energy transition and the energy efficiency of RES. The model made it possible for 
us, using the superposition method, to establish the criteria, rules and method mentioned above.



These mathematical dependencies, an algorithm for their use with examples of calculations, 
as well as criteria, rules and a method for providing "sustainable development" are given below.
1. An universal model for forecasting the depletion of fossil fuel reserves

The main conclusions from the forecasts mentioned above are graphically presented in Figure 
1. When calculating its graphs, it was established that:
 the values of all parameters in the model are measured in %, which have the designation of the 

unit of measurement to be replaced, including: the units of power are replaced by %w, time – by 
%h, mass – by %t, amount of energy – by %w-h, etc.;

 complete depletion of fossil carbon energy resources FR occurs over a period of time T from T0 
= 0%h to T100 = 100%h; 

 energy consumption by humanity Ch, regardless of the law of its change, grows to the value Ch100 
= 100%w at T100 = 100%h;

 the value of human energy consumption Ch0 at T0 = 0%h is a fraction of Ch100 and is calculated 
according to the predicted law of its change;

 reserves of fossil hydrocarbon fuels FR are depleted from the value FR0 = 100%t at T0 = 0%h to 
FR100 = 0%t at T100 = 100%h;

 the increase in the amount of greenhouse gases in the atmosphere C increases from the value 
C0 = 0%t at T0 = 0%h to C100 = 100%t at T100 = 100%h only due to the use of fossil 
hydrocarbon fuels;

 therefore, the sum of the values of the reserves of fossil hydrocarbon fuels FRТ and the increase 
in the amount of greenhouse gases in the atmosphere CТ at any moment of time T is equal to 
the value of FR at T0 = 0%h, i.e., to the value FR0 = 100%t and the formula FRТ + CТ = FR0 = 
100%t is always work;

 therefore, the value of the increase in the amount of greenhouse gases in the atmosphere C 
increases in direct proportion to the amount of consumed energy Ct, generated by mankind 
through TES from the condition that the value of C100 = 100%t at T100 = 100%h corresponds to 
the value of the amount Ct100 obtained from TES for the period from T0 = 0%h to T100 = 100%h;

 the law of change in energy consumption by humanity Ch is always observed due to the alone or 
joint work of TES and RES, therefore the sum of the values of energy consumption from TES 
CtТ and energy consumption from RES CrT at any time T is equal to the value of global energy 
consumption by humanity ChТ, i.e. the formula CtТ + CrT = ChТ is always work.

The above conditions for the 
formation of the model provide the 
observance of the fundamental laws of nature 
conservation. The graphs in Figure 1 are 
convenient for their versatility. Any predicted 
values of T, Ch, Ct, FR and C may be 
substituted into their calculation formulas. 
The predicted law of growth of the Ch value 
may also be anything. For example, the 
period of time of depletion of non-renewable 
energy resources T may be predicted to be 
equal to 100 years from 2020 to 2120.

Legend in Fig. 1:
T – the duration of the period of 

complete depletion of global reserves of 
carbon fossil fuels (abscissa), %h;

Ch – the upward trend in global 
energy consumption (brown graphs), %w;

Ct – the upward trend in global consumption of energy generated by TES (red graphs that are 
hidden under brown graphs Ch), %w;

Fig. 1. Forecast of energy consumption by mankind, 
depletion of fossil fuels and an increase in the 
content of greenhouse gases in the atmosphere



FR – the tendency of depletion of global reserves of fossil fuels (blue graphs), %t;
C – the tendency of an increase in the amount of greenhouse gases in the environment 

(green graphs), %t.
In the course of the study, 4 laws of the change in the value of Ch during the period T were 

verified. For each law, the value Ch0 = Ct0 was calculated, including:
 linear - the line 5-19 is the Ch graph, the value Ch0 = Ct0 = 37.5%w; the line 1-10-19 is the C 

graph; line 1-12-16 is the FR graph;
 geometric progression - the line 4-11-19 is the Ch graph, the value Ch0 = Ct0 = 25.9%w; the line 

1-9-19 is the C graph; line 1-13-16 is the FR graph;
 exponential - the line 3-19 is the Ch graph, the value Ch0 = Ct0 = 20.0%w; the line 1-8-19 is the 

C graph; line 1-14-16 is the FR graph;
 arbitrary - the line 2-19 is the Ch graph, the value Ch0 = Ct0 = 13.2%w; the line 1-7-19 is the C 

graph; line 1-15-16 is the FR graph;
Studies have shown that the law of variation of the Ch value does not affect the composition 

of the criteria, the content of the rules and the method. It only affects the ratio of the values of 
specific parameters at specific points in the period of depletion of fuel reserves. Graphically, this is 
reflected only in the curvature of the graph lines. Below is an example of calculating any point of the 
graphs Ch, FR and C in Fig. 1 when the energy consumption increases in a geometric progression 
and the above conditions.

EXAMPLE
The task 
Calculate Ch30, FR30 and C30 values at T30 = 30%h.
The solution
Calculation of the Ch30 value
Calculate the exponent of the geometric progression for the law of change in the value of Ch 

according to the formula:
q = (𝐂𝐡𝟏𝟎𝟎 𝐂𝐡𝟎)1 T100 = (100 25.9)1 100 = 1.0136009 (1)
Calculate the value of Ch30 at time T30 = 30%h using the formula for the 30th term of the 

geometric progression:
𝐂𝐡𝟑𝟎 = 𝐂𝐡𝟎 ∗ q𝐓𝟑𝟎 = 25.9 ∗ 1.013600930 =  38.843%w (2)
This value corresponds to point 11 in Figure 1.
Calculation of the C30 value
Calculate the Ct100 value at the time T100 = 100%h from the condition that the graphs of the 

CtТ and ChT values coincide, as the sum of the first 100 members of the geometric progression using 
the formula:

Ʃ𝐂𝐭𝟏𝟎𝟎 = Ʃ𝐂𝐡𝟏𝟎𝟎 = 𝐂𝐡𝟎 ∗ ((1 ― q
𝐓𝟏𝟎𝟎) (1 ― q)) =  (3)

= 25.9 ∗ ((1 ― 1.0136009100) (1 ― 1.0136009)) =  5448.145%w-h

The value Ct100 = Ch100 calculated by formula 3 corresponds to the area of the 1-2-11-8 
area in Figure 2.

Calculate the value of Ct30 at time T30 = 30%h from the condition that CtТ = ChT and 
therefore Ct0 = Ch0 at Chr = 0%w, as the sum of the first 30 members of the geometric progression 
using the formula:

Ʃ𝐂𝐭𝟑𝟎 = Ʃ𝐂𝐡𝟑𝟎 = 𝐂𝐡𝟎 ∗ ((1 ― q
𝐓𝟑𝟎) (1 ― q)) =  (4)

= 25.9 ∗ ((1 ― 1.013600930) (1 ― 1.0136009)) =  951.607%w-h

The Ct30 = Ch30 value calculated by formula 4 corresponds to the 1-2-6-4 area in Figure 2.
Calculate the value of C30 according to the proportion from the condition that the value of 

C100 = 100%t at T100 = 100%h corresponds to the value of the amount of Ct100, according to the 
formula:

∆𝐂𝟑𝟎 = Ʃ𝐂𝐭𝟑𝟎 ∗ ∆𝐂𝟏𝟎𝟎 Ʃ𝐆𝐭𝟏𝟎𝟎 = 951.607 ∗ 100 5448.145 = 17.467%t (5)
This value corresponds to point 9 in Figure 1.



Calculating the FR30 value
Calculate FR30 from the condition that FRТ + CТ = FR0 = 100%t, according to the formula:
𝐅𝐑𝟑𝟎 = 𝐅𝐑𝟎 ― ∆𝐂𝟑𝟎 = 100%t ―17.467%t =  82.533%t (6)
This value corresponds to point 13 in Figure 1.
The geometric progression growth graph of Ch calculated above and the associated graphs 

of other parameters are used below to illustrate the research results. 
2. Forecast of the transition to carbon neutrality according to UNFCCC

The parties to the framework convention have set a goal to move towards carbon neutrality 
by 2050. They evaluate the success of the energy transition by comparing the global generation of 
energy through renewable energy sources Gr and Gr with the global energy consumption Ch and 
Ch and strive to achieve equality between these values: Gr = Ch and Gr = Ch.

We used the information provided by them to calculate the graphs for predicting changes in 
the values of Ch, Ct, Gr, FR, C and other parameters in the process of achieving carbon neutrality. 
The calculated graphs are shown by solid lines in Fig. 2. They comply with the UNFCCC convention 
because they provide:
 all the needs of mankind for energy, that is, keeps the graph of Ch values unchanged;
 the transition to the full satisfaction of the energy needs of mankind at the expense of the energy 

generated by RES, i.e., the achievement of the equalities Gr = Ch and Gr = Ch;
 are implementing an energy transition by 2050;
 do not take into account the energy efficiency of RES.

Dashed lines in Fig. 2 shows the graphs from Fig. 1, corresponding to the forecast of growth 
in global energy consumption geometric progression without energy transition. 

Legend in Fig. 2:
Ct - downward trend in global 

energy consumption from TES (red line 
2-4), %w;

Gr - upward trend in global 
energy generation through renewable 
energy sources (black line 1-6-11), %w;

The rest - see fig. 1.
Fig. 2 it follows that Gr30 = Ch30 

= 38.843%w, the value of Ct30 is equal 
to the area of the triangle 1-2-4. It is 
significantly smaller than the area 1-2-
11-8, which corresponds to the value 
Ct100, = 5448.145%w-h. Accordingly, 
the value of the increase in the amount 
of greenhouse gases C30 will be less 
than the value C100 = 100%t. By 
eliminating the use of fossil fuels, 

reserves will remain at FR30 levels for future generations. An estimated calculation of the Ct30, 
Gr30, C30 and FR30 values is given below.

The predicted value of the amount of useful energy produced by TES Ct30 is calculated by 
the formula:

Ct30 = Ct0 * T30/ 2 = 25.9%w * 30%h/2 = 388.5%w-h (7)
This quantity corresponds to the value of the increase in greenhouse gas emissions Ct30, 

which is calculated from the proportion under the condition, that the value Ct100 = 5448.144%w-h 
corresponds to the value C100 = 100%t, according to the formula:

Ct30 = Ct30 * C100 / Ct100 = 388.5 * 100 / 5448.145= 7.131%t (8)
Let us calculate the amount of energy Gr30 that mankind will receive from renewable energy 

sources over the same period. Its value will correspond to the area 1-4-6 in Fig. 2:

Fig. 2. Forecast of the process of transition to carbon neutrality 
in accordance with UNFCCC



Gr30 = Ch30 - Ct30 = 951.607 – 388.5 = 563.107%w-h (9)
Let's calculate the projected value of the reserves of fossil fuels FR30, preserved for future 

generations according to the UNFCCC version, using the formula:
FR30 = FR0 - Ct30 = 100 - 7.131 = 92.869%t (10)
The forecast in Figure 2 is encouraging that a simple substitution of TES for RES solves the 

problem of “sustainable development” because 92.869%t of reserves remains for descendants, 
compared to 82.533%t calculated above.

However, the NREL studies [7] showed that the life cycles (hereinafter - LC) of renewable 
energy sources consume energy (Lc), the value of which was not taken into account in Fig. 2. 
Studies [7, 8] have also shown that the share of these costs (Lc) in the amount of energy produced by 
RES for the entire period of its operation (Gc) varies in a wide range. It can range from Lcmin = 
10%l to Lcmax = 250%l. The global average of these costs is not known because they are still 
neglected by the parties to the framework convention.

The specific values of Lcmin, Lcmax and Lc for our process of defining criteria, rules and 
method of providing “sustainable development” are not critical. Of fundamental importance is the 
very fact of their existence and the change in their values in a wide range. Therefore, we adopted the 
value Lc = 37.8%l as the reference value of the global average relative energy consumption for the 
life cycle of renewable energy sources at the present time. It is used as a baseline for exploring the 
entire range of their values.
3. Accounting for energy costs for the LC of RES

It follows from the fundamental conservation law that in the process of achieving the 
equalities Gr = Ch and Gr = Ch and their subsequent maintenance, humanity will have to spend 
additional energy to maintain the life cycle of renewable energy sources. We calculate the costs of 
this energy for the entire period of use of RES and other related values using the formulas:

Ga = Gr * Lc / 100%w (11)
Ga = Gr * Lc / 100%w-h (12)
For example, we calculate the values of Ga30 and Ga100 at times T30 = 30%h and T100 = 100%h 

using formula 11:
Ga30 = Gr30 * Lc / 100 = 38.843 * 37.8 / 100 = 14.683%w
Ga100 = Gr100 * Lc / 100 = Ch100 * Lc / 100 = 100 * 37.8 / 100 = 37.8%w
Based on these calculations, we build a graph of the Ga value over the entire predicted range - 

see line 1-7-13 in Fig. 3.

Obviously, to provide the 
generation of energy Ga30 and Ga100 
at times T30 = 30%h and T100 = 100%h, 
TES will be used because all the 
energy from RES Gr30 and Gr100 
will be used to the consumption of 
humanity Ch30 and Ch100. The use of 
TES will be accompanied by additional 
emissions of greenhouse gases Ca30 
and Ca100, as well as changes in the 
reserves of fossil fuels FR30 and FR100. 
Calculations of these values are given 
below.

Let us calculate the value of 
Ga30 using formula 12:

Ga30 = Gr30 * Lc / 100 = 
563.107 * 37.8 / 100 = 212.854%w-h

Let us calculate the value of 
Ca30 using formula 8:

Fig. 3. Forecast of the process of transition to carbon neutrality 
based on the UNFCCC framework convention, taking into 

account the energy consumption for the LC of RES



Ca30 = Ga30 * C100 / Ct100 = 212.854 * 100 / 5448.145= 3.907%t
Let us calculate the value of C30 using formula:
C30 = Ct30 + Ca30 = 7.131 + 3.907 = 11.038%t (13)
Let us calculate the value of FR30 using formula 10:
FR30 = FR0 - C30 = 100 - 11.038 = 88.962%t 
Let us calculate the value Ga30-100, which corresponds to the area 4-7-14-11 in Fig. 3. For 

this, we first calculate the value of Gr in the time range from T30 = 30%h to T100 = 100%h, which 
corresponds to the area 4-8-17-11 in Fig. 3 by the formula:

Gr30-100 = Ch100 - Ch30 = 5448.145 – 951.607 = 4496.538%w-h (14)
Then we calculate the value of Ga30-100, using the formula 12:
Ga30-100 = Gr30-100 * Lc / 100 = 4496.538 * 37.8 / 100 = 1699.691%w
Let's calculate the value of Ca30-100, according to the formula 8:
Ca30-100 = Ga30-100 * C100 / Ct100 = 1699.691 * 100 / 5448.145= 31.198%t
The value of the additional emission of greenhouse gases Ca100, which humanity will 

receive as a result of the desire of the parties to the framework convention to provide the conditions 
Gr = Ch and Gr = Ch, will be calculated by the formula:

Ca100 = Cа30 + Ca30-100 = 3.907 + 31.198 = 35.105%t (15)
Therefore, the value of the entire emission C100 at the time T100 = 100%h is calculated by the 

formula:
C100 = Ct30 + Ca100 = 7.131 + 35.105 = 42.236%t (16)
Let's calculate the value of FR100, according to the formula 10:
FR100 = FR0 - C100 = 100 – 42.236 = 57.764%t 
Based on the calculation results, we plot in Fig. 3 graph C0-100 (see line 1-6-14) and graph 

FR0-100 (see line 3-9-15).
It follows from Figure 3 that the changes in energy that the UNFCCC members are 

undertaking are neither a transition to carbon neutrality, nor a provision for “sustainable 
development”. The reason for this is not only their ignorance of the energy efficiency of RES, but 

also the rejection of the principle of their self-
reproduction. This is evidenced, for example, 
by the IEA documents [17]. They do not say 
anything about the need to compensate the 
costs of Lr and Lr for the LC of RES due to 
their own generation of Gr and Gr.

Therefore, we suggested using the 
principle of self-reproduction. Its essence 
consists in replacing the conditions Gr = Ch 
and Gr = Ch by the conditions of self-
reproduction:

Gr = Ch + Lr (17)
Gr = Ch + Lr (18)
The meaning of the conditions we have 

proposed is that the generation of Gr and Gr 
energy by means of RES should provide not 
only the human needs for Ch and Ch energy, 
but also reimburse the energy costs Lr and Lr 
for own LC of RES.

This proposal is graphically shown in 
Fig. 4. It shows the forecast of the process of 
energy transition to carbon neutrality based on 
the principle of self-reproduction by solid lines. 
The C and FR graphs from Fig. 2 are shown 

Fig. 4. Forecast of the transition to carbon 
neutrality based on the principle of self-

reproduction



in Fig. 4 for comparison by dashed lines, and the graphs Gr, Ct, C and FR from Fig. 3 - dotted 
lines.

Legend in Fig. 4:
Gr - the tendency to increase global energy generation through renewable energy sources 

based on the principles of self-reproduction (black line 1-10-21), %w;
Cr - the tendency of increasing global energy consumption from renewable energy sources 

based on the principles of self-reproduction (purple line 1-9-20), %w;
The rest - see fig. 1, 2 and 3.
Fig. 4 it follows that Cr = Ch and Cr = Ch. That is, from the point of view of humanity, the 

concept of Cr is synonymous with the concept of "useful capacity" of renewable energy sources 
(Gu), and the concept of Cr is synonymous with the concept amount of "useful energy" (Gu). To 
calculate the values of Gr and Gr for a known value of Lc, we use the formulas derived from the 
conditions of self-reproduction:

Gr = Ch / (1 - Lc /100%l)%w (19)
Gr = Ch / (1 - Lc /100%l)%w (20)
Let us calculate the graphs of the Gr, Ct, C and FR values for the transition to carbon 

neutrality based on the principles of self-reproduction, which are shown in Fig. 4. Let's calculate the 
values of Gr30 and Gr100 by formula 19:

Gr30 = Ch30 / (1 - Lc /100%l) = 38.843 / (1 – 37.8 /100) = 62.448%w
Gr100 = Ch100 / (1 - Lc /100%l) = 100 / (1 – 37.8 /100) = 160.772%w
The amount of energy expended on the LC of RES (Lr30) during the time T30 = 30%h 

corresponds to the gray area 1-9-10 in Fig. 4. To generate it, mankind will have to use TES because 
mankind has no other sources of energy. This amount of energy Lr30 is proportional to the pink area 
2-4-5 in Figure 4. Let's calculate its predicted value using the formula:

Lr30 = Gr30 - Cr30 = Gr30 - Ch30 = 905.314 – 563.107 = 342.207%w-h (21)
Lr30 = Gr30 - Cr30 = Gr30 - Ch30 = 905.314 – 563.107 = 342.207%w-h (21)
Consequently, to generate additional energy in the amount of Lr30 = 342.207%w-h, mankind 

will have to delay the shutdown of the TES. This additional amount of energy corresponds to the 
value of the increase in greenhouse gas emissions, which is calculated by the formula:

CL30 = Lr30 * C100 / Ct100 = 342.207 * 100 / 5448.145 = 6.281%t (22)
Consequently, the predicted value of the increase in greenhouse gas emissions, taking into 

account the energy consumption for the life cycle of renewable energy sources at the time T30 = 
30%h, will be equal to the sum of the calculated above Ct30 = 7.131%t and CL30 = 6.281%t:

C30 = Ct30 + CL30 = 7.131 + 6.281 = 13.412%t (23)
Let us calculate the predicted value of fossil fuel reserves FR30, taking into account the 

energy consumption for the life cycle of renewable energy sources at the time T30 = 30%h, saved for 
future generations, using the formula:

FR30 = FR0 - C30 = 100 – 13.412 = 86.588%t (24)
Comparison of forecasts in Fig. 4 shows that ignoring the energy consumption for the LC of 

RES and the principles of self-reproduction misinforms not only the participants in the framework 
convention, but also the whole of humanity. For example, if humanity hopes from the energy 
transition to save 92.869%t of reserves FR in 2020 (see point 13 in Fig. 4), then in reality it will get 
88.962%t (see point 10 in Fig. 4), i.e. in 3.907%t less. And instead of the hoped value of greenhouse 
gas emissions of 7.131%t (see point 6 in Fig. 4), humanity will get 11.038%t (see point 7 in Fig. 4), 
that is, 1.5 times more. In addition, instead of stopping the emission of greenhouse gases C (see 
line 6-14 in Fig. 4) and depletion of non-renewable resources FR (see line 13-19 in Fig. 4), humanity 
will continue them, albeit at a lower rate (see lines 7-16 and 2-17 in fig. 4). In addition, instead of 
stopping the emission of greenhouse gases C (see line 6-14 in Fig. 4) and depletion of non-
renewable resources FR (see line 13-19 in Fig. 4), humanity will continue them, albeit at a slower 
pace (see lines 7-16 and 2-17 in fig. 4). Therefore, the increase in the amount of greenhouse gases 
C in 2120, instead of 7.131%t hoped by the participants in the framework convention (see point 14 
in Fig. 4), will amount to 42.236%t (see point 16 in Fig. 4), that is, almost in six times more. And the 



reserves of resources FR instead of the hoped 92.869%t (see point 19 in Fig. 4) will turn out to be 
57.764%t (see point 17 in Fig. 4), that is, 1.6 times less.

If the parties to the convention will apply the principle of self-reproduction, rules and method 
proposed by us, the emission of greenhouse gases C and the depletion of FR stocks will stop (see 
lines 8-15 and 11-18 in Fig. 4), the emission of greenhouse gases C will decrease in 2120 3 times to 
13.412%t (see point 15 in Fig. 4) compared to 42.236%t, and resource reserves will increase by about 
1.5 times to 86.588%t (see point 18 in Fig. 4) compared to from 57.764%t. We have reason to assert 
that these results will be achieved at least with a twofold decrease in human time, labor, materials 
and finances.

Our research has shown that the shape of the Ct and Cr graphs corresponding to the process 
of replacing TES with RES (lines 2-4-5 and 1-9 in Fig. 4) does not affect the content of the criteria, 
rules and method. We also found that the values of FR and C in the process of replacing TES with 
RES and after, other things being equal are influenced by the duration of the energy transition, the 
value of the energy efficiency of projects based on RES and the combined effect of these 
dependencies. The intelligent use of these dependencies gives humanity the opportunity to increase 
the positive effect of the energy transition described above. The results of these studies are given 
below.

Obviously, meeting humanity's needs for energy Ch according to the schedule 2-4-9-20, 
under providing the principles of self-reproduction and taking into account the costs of the life cycle 
of renewable energy sources is technically feasible and depends on the decisions and actions of the 
participants of the convention during the energy transition and after. Therefore, the need for self-
reproduction and accounting for energy costs for the life cycle of renewable energy sources is 
included in the content of the rules and they are provided by the proposed method.
4. Impact of the duration of the energy transition on "sustainable development"

The forecast in Fig. 4 is calculated on the assumption that all humanity in 2050 will abandon 
the use of TES and will use only renewable energy sources. The framework nature of the convention 
does not impose mandatory compliance with this time limit. In addition, there are many political, 
economic and natural processes that can both shorten and lengthen the transition to carbon neutrality. 
Therefore, we investigated the impact of the duration of the energy transition on providing 
"sustainable development" with different periods of its implementation up to the complete depletion 
of fossil fuel reserves. This influence on the generation and consumption of energy, on the 

preservation of reserves of non-renewable energy 
resources and on the increase in the amount of 
greenhouse gases in the atmosphere is shown in Fig. 5, 
6 and 7.

In the example shown below, 12 processes were 
calculated with the replacement of all TES for RES. 
The mathematical apparatus and algorithm of all 
calculations is similar to the forecast in Fig. 4; 
therefore, examples of calculations are not given. In all 
processes, the same value Lc = 37.8%l is accepted. The 
change in the duration of the transition T in each 
process is achieved by changing the annual volumes of 
commissioning of new RES, for example, by changing 
the financing. Eleven of the twelve calculated processes 
had T values from T20 = 20%h to T120 = 120%h. They 
ended when some fossil fuel reserves were retained. 
The moment of completion of the twelfth process at 
Tend = 121.664%h, coincided with the complete 
depletion of fossil fuels (FRend = 0%t) and with the 
maximum increase in the amount of greenhouse gases 
in the atmosphere (Cend = 100%t). This moment will Fig. 5. Forecast of energy production and 

consumption depending on the duration 
of the energy transition



be July 2142, if we take 01.01.2021 as T0 = 0%t and all other assumptions.
Brown line 2-3-5-8-10 in fig. 5 shows the increase in human demand for energy (Ch) in 

geometric progression. It corresponds to line 2-4-9-20 in Fig. 4. Red solid lines in Fig. 5 show the 
projected change in human energy consumption from fossil carbon fuels (Ct), in each calculated 
project. Red line 2-3-4 in fig. 5 corresponds to line 2-4-5 in Fig. 4. Purple lines show the projected 
change in global energy consumption by humanity from renewable energy sources (Cr). Purple line 
1-3-5-8-10 in fig. 5 corresponds to line 1-9-20 in Fig. 4. Black lines in fig. 5 show the projected 
change in global renewable energy generation (Gr). Black line 1-6-9-11 in fig. 5 corresponds to line 
1-10-21 in Fig. 4.

The green solid lines in Fig. 6 shows 
the projected change in the global increase in 
the amount of greenhouse gases in the 
atmosphere (C) in each calculated process. 
Line 1-2-7 in Fig. 6 corresponds to line 1-8-
15 in Fig. 4. Black solid line 1-2-6 shows 
what will be the final value of C upon 
completion of any transition to carbon 
neutrality under the principles of self-
reproduction and taking into account the cost 
of the LC of RES at each its point in the 
entire range from T0 = 0%h to Tend = 
121.664%h. The green dashed line 1-3-4 in 
Fig. 6 is borrowed from Fig. 2 (line 1-11). It 
shows the tendency for an increase in the 
amount of greenhouse gases in the 

environment C without replacing TES with RES for comparison.
The forecast of changes in global 

reserves of fossil fuels (FR) in each 
calculated process is shown in Fig. 7 blue 
solid lines. Line 1-3-6 in Fig. 7 corresponds 
to line 3-11-18 in Fig. 4. Black solid line 1-
3-5 shows what the final FR value will be at 
the end of any process at each of its points in 
the entire range from T0 = 0%h to Tend = 
121.664%h on the principles of self-
reproduction and taking into account the cost 
of life cycle RES. The blue dashed line 1-2-4 
in Fig. 7 is borrowed from Fig. 2 (line 3-8). 
It shows the tendency of depletion of the 
global reserves of fossil fuels FR without 
replacing TES with RES for comparison.

The forecasts in Fig. 5, 6 and 7 show that any prolongation of the duration of the energy 
transition reduces the reserves for future generations and increases the amount of greenhouse gases 
in the atmosphere. Therefore, the need to reduce the duration of the transition to carbon neutrality is 
included in the content of the rules and is provided by the proposed method.
5. Impact of energy efficiency of RES on "sustainable development"

Studies [3] have shown not only the fact of the existence of energy costs for the life cycle of 
renewable energy sources, but also the fact of their significant difference in different renewable 
energy sources, even with the same physical process of converting environmental energy into useful 
energy. This indicates the different energy efficiency of renewable energy sources. The participants 
in the UNFCCC framework convention repeatedly mention the importance of the energy efficiency 
of renewable energy sources for the transition to carbon neutrality [4, 5, 9, 10]. However, in practice, 
they do not use such a criterion for assessing RES.

Fig. 6. Forecast of changes the increase in the 
amount of greenhouse gases in the atmosphere 

depending on the duration of the energy transition

Fig. 7. Forecast of the conservation of fossil carbon fuel 
reserves depending on the duration of the energy 

transition



Below are the results of our research, which will complement the knowledge of UNFCCC 
participants about the possibility and value of applying the criteria for the energy efficiency of 
renewable energy sources. We propose to apply the coefficient of energy self-reproduction (Ksr) 
and the coefficient of useful energy (Kuc) in this role.
5.1. Determination of the coefficient of energy self-reproduction

Simple logic gives grounds to assert that mankind will be able to abandon the use of TES 
only if the average amount of energy generated by RES for the entire period of their operation (Gc) 
is greater than the energy consumption for their own life cycle (Lc). In other words, the energetic 
transition will physically be possible only if RES can energetically reproduce themselves. Therefore, 
we called the ratio of these criteria the coefficient of energy self-reproduction (Ksr). We calculate 
its value using the formula:

Ksr = Gc /Lc (25)
There are:
Gc – the amount of energy produced by RES for the entire period of its operation;
Lc – the amount of energy spent on RES for its entire life cycle.
The mathematical relationship between the value of Ksr and the value of the above-mentioned 

parameter Lc, which characterizes the share of energy consumption for the life cycle of renewable 
energy sources (Lc) in the entire amount of energy produced by it (Gc), is described by the 
formula:

Ksr = 100%l / Lc (26)
Thus, the possible Ksr values for different RES are in the range from 0.4 to 10 [8]. This 

interval was obtained by recalculating the interval of Lc values from Lcmin = 10%l to Lcmax = 250%l 
using formula 26. And the value of the global average statistical self-reproduction coefficient 
adopted for the example, calculated using formula 26 based on Lc = 37.8%l, is equal to:

Ksr = 100%l / Lc = 100%l / 37.8%l = 2.646.
5.1. Determination of the coefficient of useful energy 

The amount of useful energy that any RES generates for the entire operating time (Guс) is 
the difference between the amount of energy generated by it during its entire service life (Gc) and 
the amount of energy spent on it for its entire life cycle (Lc). To calculate the value of Guс, the 
following formula was applied:

Guс = Gc - Lc (27)
The ability of any RES to generate useful energy characterizes its property to meet its 

purpose - to be a source of useful energy. The value of the coefficient of useful energy (Kuc) shows 
the degree of this correspondence. To calculate the Kuc value, the formula is applied:

Kuc = Guс /Lc = (Gc - Lc)/Lc (28)
The ratio of the Kuc value to the value of the above-mentioned Ksr is described by the 

formula:
Kuc = Ksr – 1 (29)
The simple relationship between the Kuc and Ksr values, described by Formula 29, allows you 

to use any of them by simple substitution in formulas and graphs. Therefore, below all studies are 
carried out using the example of Ksr.
5.3. Dependence of the parameters of the energy transition on the energy efficiency of 
renewable energy sources 

The mathematical relationships between the parameters of the transition to carbon neutrality 
and the algorithm for their calculation were shown above in formulas 1, 2, 3… 23 when calculating 
the graphs shown in Fig. 4. They did not use Ksr. Formula 26 allows you to change the mathematical 
apparatus for its application. These changes should be made to formulas 19 and 20:

Gr = Ch / (1 - Lc /100%l) = Ch / (1- 1/ Ksr) (30)
Gr = Ch / (1 - Lc /100%l)  = Ch / (1- 1/ Ksr) (31)
These changes are not reflected in the calculation results, but allow us to explicitly switch to 

the principles of self-reproduction. From formulas 30 and 31, we derived formulas for calculating the 
values of Lr and Lr, which provide that principles:



Lr = Ch / (Ksr - 1) (32)
Lr = Ch / (Ksr - 1) (33)
We used all of the above formulas 1, 2, 3... 33 to study the use of only RES with Ksr > 1 in 

energy transition. We did not consider the use of RES with Ksr ≤ 1 in it because, in our opinion, it 
should be prohibited. The influence of the energy efficiency of renewable energy sources, expressed 
through the value of Ksr > 1, on the generation and consumption of energy, on the preservation of 
reserves of non-renewable energy resources and on the increase in the amount of greenhouse gases in 
the atmosphere is shown below in Fig. 8, 9 and 10.

Our studies have shown that when using RES with Ksr ≥ 2, mankind will not have any 
technical problems in the transition to carbon neutrality, because such RES are able to generate an 
energy Gr and Gr, which is greater than the sum of human needs Ch and Ch and the cost of their 
life cycle Lr and Lr. Humanity will only have economic and organizational problems that will 
affect the duration of the transition, as shown above in Fig. 5, 6 and 7. However, if the parties to the 
framework convention use RES with an average Ksr value in the range of 1 < Ksr < 2, the energy 
they generate will not be enough to simultaneously meet the human needs Ch and Ch and maintain 
their Lr and Lr life cycle. This can be seen from the following example of calculations performed 
when plotting the graphs in Fig. 8, 9 and 10.

Example.
Calculation of Gr30 and Lr30 values according to formulas 30 and 32 with Ksr1 = 10, Ksr2 = 

2.646, Ksr3 = 2, Ksr4 = 1.9 and Ksr5 = 1.05:
Gr30.1 = Ch30 / (1 – 1 / Ksr1) = 38.843 / (1 – 1 / 10) = 43.159%w
Gr30.2 = Ch30 / (1 – 1 / Ksr2) = 38.843 / (1 – 1 / 2.646) = 62.448%w
Gr30.3 = Ch30 / (1 – 1 / Ksr3) = 38.843 / (1 – 1 / 2) = 77.686%w
Gr30.4 = Ch30 / (1 – 1 / Ksr4) = 38.843 / (1 – 1 / 1.9) = 82.002%w
Gr30.4 = Ch30 / (1 – 1 / Ksr5) = 38.843 / (1 – 1 / 1.05) = 815.703%w
Lr30.1 = Ch30 / (Ksr1 - 1) = 38.843 / (10 - 1) = 4.316%w
Lr30.2 = Ch30 / (Ksr2 - 1) = 38.843 / (2.646 - 1) = 23.605%w
Lr30.3 = Ch30 / (Ksr3 - 1) = 38.843 / (2 - 1) = 38.843%w
Lr30.4 = Ch30 / (Ksr4 - 1) = 38.843 / (1.9 - 1) = 43.159%w
Lr30.5 = Ch30 / (Ksr5 - 1) = 38.843 / (1.05 - 1) = 776.86%w
The calculation showed that with Ksr1 = 10, the energy consumption for own life cycle of 

RES Lr30.1 is 0.11111 part of the human needs for energy Ch30, with Ksr3 = 2 the costs of Lr30.3 are 
equal to its needs Ch30, and with Ksr5 = 1.05 Lr30.5 costs 20 times his Ch30 needs.

To calculate the values of the generation of additional energy Ga and Ga, which are 
necessary for mankind with Ksr in the range 1 < Ksr < 2, we use the formulas derived from the above 
relations and the law of conservation of energy:

Ga = Ch * (2 – Ksr)/(Ksr – 1) (34)
Ga = Ch * (2 – Ksr)/(Ksr – 1) (35)
Examples of calculating the values of Ga and Ga according to formulas 34 and 35 with Ksr1 

= 10, Ksr2 = 2.646, Ksr3 = 2, Ksr4 = 1.9, Ksr5 = 1.05 and Ch30-40 = 413.083%w-h:
Ga30.1 = Ch30 * (2 - Ksr1)/(Ksr1 - 1) = 38.843 * (2 - 10)/(10 - 1) = -34.527%w
Ga30.2 = Ch30 * (2 - Ksr2)/(Ksr2 - 1) = 38.843 * (2 - 2.646)/(2.646 - 1) = -15.245%w
Ga30.3 = Ch30 * (2 - Ksr3)/(Ksr3 - 1) = 38.843 * (2 - 2)/(2 - 1) = 0%w
Ga30.4 = Ch30 * (2 - Ksr4)/(Ksr4 - 1) = 38.843 * (2 – 1.9)/(1.9 - 1) = 4.316%w 
Ga30.5 = Ch30 * (2 - Ksr5)/(Ksr5 - 1) = 38.843 * (2 – 1.05)/(1.05 - 1) = 738.017%w
Here the value Ch30-40 means the amount of energy consumed by humanity during the period 

from T30 = 30%h and T40 = 40%h. Its value, calculated using formula 14 for the sum of several 
members of a geometric progression, is Ch30-40 = 413.083%w-h.

Ga30-40.1 = Ch30-40 * (2 - Ksr1)/(Ksr1 - 1) = 413.083 * (2 - 10)/(10 - 1) = -367.184%w-h
Ga30-40.2 = Ch30-40 * (2 - Ksr2)/(Ksr2 - 1) = 413.083 * (2 - 2.646)/(2.646 - 1) = -162.126%w-h
Ga30-40.3 = Ch30-40 * (2 - Ksr3)/(Ksr3 - 1) = 413.083 * (2 - 2)/(2 - 1) = 0%w-h
Ga30-40.4 = Ch30-40 * (2 - Ksr4)/(Ksr4 - 1) = 413.083 * (2 – 1.9)/(1.9 - 1) = 45.899%w-h 



Ga30-40.5 = Ch30-40 * (2 - Ksr5)/(Ksr5 - 1) = 413.083 * (2 – 1.05)/(1.05 - 1) = 7 848.577%w-h
Negative values of the generation of additional energy Ga and Ga at Ksr > 2 show that such 

RES do not require such generation because physically they can generate more energy than the needs 
of humanity Ch and Ch. The values Ga30.3 = 0 and Ga30-40.3 = 0 at Ksr = 2 show that such RES do 
not require add generation, because can generate energy exactly in accordance with the needs of 
humanity Ch and Ch. Positive values of Ga and Ga at Ksr < 2 show what additional energy 
generation is required when using such RES.

The values of the increase in greenhouse gas emissions Ca, correspond to the amounts of 
additionally produced energy Ga calculated above. These values are calculated according to 
formula 8:

Ca30-40.4 = Ga30-40.4 * C100 / C100 = 45.899 * 100 / 5448.145 = 0.842%t
Ca30-40.5 = Ga30-40.5 * C100 / C100 = 7848.577 * 100 / 5448.145 = 144.06%t
Let us calculate, according to formula 16, the values of greenhouse gas emissions Ca40, 

which humanity will receive at the moment of time T40 = 40%h as a result of the use by the 
participants of the framework convention of RES with Ksr < 2:

C40.4 = C30.4 + Ca30-40.4 = 18.615 + 0.842 = 19.457%t
C40.5 = C30.5 + Ca30-40.5 = 213.845 + 144.06 = 357.905%t
The amount of fossil fuel reserves FR saved for future generations using RES with Ksr <2 is 

calculated using the formula 10:
FR40.4 = FR0 - C40.4 = 100 - 19.457 = 80.543%t 
The calculation showed that to provide the conditions Gr40.5 = Ch40 + Lr40.5 and Gr40.5 = 

Ch40 + Lr40.5 in 2060 by means of renewable energy sources with Ksr5 = 1.05, it will be necessary 
to spend 3.5 times more fossil fuel than existing global stocks.

Predictions of parameter values 
for the transition to carbon neutrality by 
2050 for various Ksr values are shown 
below in graphical form in Figures 8, 9 
and 10. Calculations of all values were 
performed according to the above 
examples, therefore they are not 
repeated. The legend in these figures is 
the same as in the previous figures.

In fig. 8, 9 and 10, areas with 
characteristic levels of energy 
efficiency of RES are highlighted with 
a special background, including:
 red - the area of energy-
inefficient RES, which are 
characterized by the inequality 1 < Ksr 
< 2;
 green - the area of energy 
efficient renewable energy sources, 
which are characterized by the 
inequality Ksr ≥ 2.

The brown line 2-3-4-5-8-16 in 
fig. 8 shows the trend of the global 
increase in energy consumption (Ch) 
exponentially. It corresponds to line 2-

4-9-20 in Fig. 4.
A black line in Fig. 8 shows the 

predicted change in global energy 
generation by RES (Gr) in each calculated 

Fig. 8. Forecast of production and consumption of 
energy by humanity, depending on the average 
energy efficiency of renewable energy sources



process. The yellow line 1-10-18 depicts the tendency of increasing the generation of renewable 
energy sources with a value of Ksr = 2.646. It corresponds to line 1-10-21 in Fig. 4. The rest of the 
Gr graphs are calculated for other Ksr values.

The red lines in Fig. 8 shows the projected change in global energy consumption from fossil 
carbon fuels (Ct) in each process. Line 2-3-6 depicts the decrease in energy consumption from TES 
during the transition to carbon neutrality with a value of Ksr = 2.646. It corresponds to line 2-4-5 in 
Fig. 4. The horizontal red line 6-13 with the values Ksr = 2, Ksr = 3…Ksr = 10, coinciding with the 
horizontal T axis, shows that at such Ksr values, the TES generation is zero. Orange plots with Ksr = 
1.9 (line 2-3-4-5-7-14)… Ksr = 1.05 show that at such Ksr values, additional generation of TES Ga 
must be mandatory. And the value of this additional generation of Ga is the greater, the lower the 
value of Ksr.

The graphs in Fig. 8 show that meeting the energy needs of all mankind through the 
generation of RES without the use of TES is possible only if the average Ksr value is not less than 2.
5.4. Dependence of the increase in the amount of greenhouse gases in the environment on the 
energy efficiency of RES 

The forecast of changes in the increase in greenhouse gases in the atmosphere (C) with the 
global use of RES with various Ksr values for energy generation in the transition to carbon neutrality 
by 2050 is shown in Fig. 9. 

The green solid lines in 
Fig. 9 show the predicted 
change in the C value for 
various Ksr values. Graph 1-8-
16 in Fig. 9 corresponds to 
graph 1-6-14 in Fig. 4. The 
yellow graph 1-7-15 shows the 
predicted change in the C 
value with a value of Ksr = 
2.646.

Green dashed line 1-17 
in Fig. 9 corresponds to line 1-
11 in Fig. 2. It shows, for 
comparison, the forecast of the 
increase in the amount of 
greenhouse gases in the 
atmosphere (C) without an 

energy transition.
The horizontal sections 

of the graphs after 2050 with 
Ksr values in the range from 2 to 10 shows that the emission of greenhouse gases from the energy 
sector has ceased. The level of increase in their number is the less, the higher the value of Ksr. The 
upward trend in emissions after 2050 with Ksr < 2 shows its continuation. And this tendency is the 
greater, the lower the value of Ksr. This is due to the need to include additional TES to replenish the 
energy spent on the LC of RES - see the explanations to Fig. 8.

Points 3, 5, 10 and 12 show that when trying to achieve carbon neutrality through renewable 
energy sources with Ksr values < 2, humanity can get a maximum C value earlier than without 
using them. For example, with a value of Ksr = 1.05, the increase in the amount of greenhouse gases 
will reach a maximum in July 2029 (see point 3), and without them - at the end of 2120 (see point 
17), that is, approximately 91 years later. This may happen due to the premature depletion of global 
fossil fuel resources due to the huge energy consumption for the LC of energy inefficient RES. These 
costs will be many times higher than humanity's energy needs Ch and Ch - see above for an 
example of calculating the value of C40.5 and explanations for Fig. 8.

Fig. 9. Forecast of changes in greenhouse gas emissions (C) 
depending on the average energy efficiency of RES



5.5. Dependence of the value of the preserved reserves of fossil fuels on the energy efficiency of 
RES

The forecast of the conservation value of global reserves of fossil fuels (FR) with the global 
use of RES with various Ksr values for energy generation in the transition to carbon neutrality by 
2050 is shown in Fig. 10.

The blue solid lines in Fig. 10 show the predicted change in the FR value for various Ksr 
values. Graph 1-4-10 in Fig. 9 corresponds to graph 3-11-18 in Fig. 4. The yellow graph 1-5-11 
shows the predicted change in the FR value with a value of Ksr = 2.646.

The blue dashed line 1-9 
in Fig. 10 corresponds to line 3-
8 in Fig. 2. It shows, for 
comparison, the forecast of 
depletion of global fossil carbon 
fuel (FR) reserves without an 
energy transition.

Horizontal sections of 
the FR plots after 2050 with Ksr 
values in the range from 2 to 10 
shows that the use of fossil fuel 
reserves has ceased. The higher 
the Ksr value, the larger the FR 
value after the energy transition. 
The tendency towards their 
depletion at Ksr < 2 shows the 
continuation of their 
consumption after 2050. The 
depletion of FR occurs the 
faster, the lower the Ksr value. 
This is due to the huge energy 
consumption for the LC of 

energy inefficient RES. See details above in the notes to fig. 8 and 9.
Points 2, 3, 7 and 8 show that the desire to replace TES with RES at any cost without 

controlling their energy efficiency can destroy fossil fuel reserves earlier than without using them. 
For example, using RES with Ksr = 1.05, all reserves would have been consumed in July 2029 - see 
point 3 in Fig. 10, and without their use - 90 years later.
5.6. RES classification by energy efficiency

Our studies were the basis for dividing all RES into 3 energy efficiency categories, including:
absolutely ineffective;
not effective;
effective.
It is impossible to establish in practice which category a particular RES belongs to without 

our proposed calculations. Because they all give the impression of being equally effective in the 
workplace. Unfortunately, most of humanity is convinced of the equal ecological cleanliness of all 
RES for this reason.
5.6.1. Energetically absolutely ineffective RES

In this category, we classified RES, which have values of Ksr ≤ 1. Their characteristic feature 
is the lack of the ability to produce useful energy. This feature is explained by the too large 
expenditure of energy on their own LC. These costs at Ksr < 1 are greater than all the energy they 
produce, and at Ksr = 1 the costs for the LC of RES are equal to the entire energy they produce.

Due to this feature, the depletion of fuel reserves when using absolutely inefficient renewable 
energy sources will occur very quickly. In fact, such RES successfully perform only the global 
processing of fossil fuels into greenhouse gases.

Fig. 10. Forecast of the conservation of global reserves of fossil 
carbon fuels, depending on the average energy efficiency of 

renewable energy sources



We have not investigated the performance characteristics of absolutely ineffective RES due to 
the lack of practical value. But they can be used in experimental work in the search for new technical 
solutions. It is likely that some of the currently widely used RES belong to this category and provide 
a solution to economic problems, destroying the environment.
5.6.2. Energy inefficient RES

We assigned RES to this category, which have values of 1 < Ksr < 2. Unlike absolutely 
ineffective ones, they are capable of producing a certain amount of useful energy. However, they 
generate less energy than is necessary to provide conditions for self-reproduction - see formulas 17 
and 18 above.

The depletion of global fossil fuel reserves through their use will continue. This is indicated 
by the graphs of the processes at 1 < Ksr < 2 in Fig. 8, 9 and 10. Thus, humanity will not physically 
be able to move to carbon neutrality using only inefficient renewable energy sources. But some of 
them are able to significantly reduce the rate of depletion of non-renewable energy resources and the 
increase in greenhouse gas emissions. They may be categorized as low effective renewable energy 
sources. RES with values of 1.8 < Ksr < 2 can be classified as ineffective.
5.6.3. Energy efficient RES

We assigned RES to this category, which have values of Ksr ≥ 2 and therefore comply with 
the principles of self-reproduction. Their characteristic feature is the ability to produce useful energy 
in an amount sufficient to meet the growing needs of mankind according to the consumption graph 2-
20 in Fig. 4 and graph 2-16 in Fig. 8. Only such RES will not require the use additional TES. Only 
their use will finally stop the depletion of fuel reserves and the increase in the amount of greenhouse 
gases in the atmosphere. This is indicated by the graphs of the processes at Ksr ≥ 2 in Fig. 8, 9 and 
10.

In addition, the forecasts in Fig. 8, 9 and 10 show that the use of renewable energy sources in 
the energy transition, which have a maximum Ksr value, maximally preserves the reserves of fossil 
fuels for future generations and reduces the amount of greenhouse gases in the atmosphere. 
Therefore, the need to use RES with a maximum Ksr value is included in the content of the rules and 
is provided by the proposed method.
6. Joint action of installed dependencies

The objective dependencies identified above reflect the need to determine the quality of 
projects based on renewable energy sources by combining the value of energy efficiency with the 
duration of the project. We propose to use for this purpose the nomogram shown in Fig. 11. It 
establishes a strict mathematical relationship between the combination of the project implementation 
period and its energy efficiency with the preservation of energy resources for future generations and 
an increase in the amount of greenhouse gases in the atmosphere.

Fig. 11. Forecast of retention of reserves of fossil carbon fuels and an increase in greenhouse gases in 
the atmosphere depending on the energy efficiency of renewable energy sources and the duration of 

the energy transition



To construct the proposed nomogram, the above-described mathematical apparatus and 
algorithm were used to calculate the graphs of C and FR values at the completion of any transition 
to carbon neutrality. An example of the result of calculating such a graph for C values at Ksr = 
2.646 is shown in Fig. 6 with a black line 1-2-6. An example of the result of calculating such a graph 
for FR values at Ksr = 2.646 is shown in Fig. 7 with black line 1-3-5. Both of these charts showed 
that the complete depletion of fossil fuel reserves, even with a very protracted energy transition, will 
occur in July 2142. Due to the vertical secularity of these graphs, they are shown in the nomogram in 
Fig. 11 with one yellow graph with Ksr = 2.646. Similarly, the graphs were calculated for the range 
of Ksr values from Ksr = 1.05 to Ksr = 10.

An example of determining the quality of a project using the nomogram in Fig. 11.
Projects "A", "B", "C" and "D" are intended to replace TES with RES. Each of them provides 

for the generation of energy through renewable energy sources in an amount that fully meets the 
established needs. Project characteristics:

Project "A", profit 32%, implementation period tA = 2042, KsrA = 1.2;
Project "B", profit 28%, implementation period tB = 2118, KsrB = 10;
Project "C", profit 27%, implementation period tC = 2050, KsrC = 4;
Project "D", profit 25%, implementation period tD = 2050, KsrD = 9;
The task
Choose for investment one project that is most consistent with the principles of "sustainable 

development"
UNFCCC solution
Project “A” is the best from the UNFCCC standpoint because it will bring the greatest profit. 

It will be enough to acquire quotas for greenhouse gas emissions, participate in the discussion of the 
“energy trilemma” problems, conduct R&D to improve RES and increase capital that will allow 
future generations to also successfully provide “sustainable development”. The short implementation 
period makes it possible to quickly move on to the implementation of the next similar project.

Our solution
According to the values of C and FR from the nomogram in Fig. 11 we have set the 

following priority:
1 - Project "D", CD = 7.9%t, FRD = 92.1%t;
2 - Project "C", CC = 11.7%t, FRC = 88.3%t;
3 - Project "B", CB = 32.5%t, FRB = 67.5%t;
4 - Project "A", CA = 32.5%t, FRA = 67.5%t.
For an explanation of this choice - see all of the above.
Studies of nomograms calculated under other laws of increasing global energy consumption, 

for example, linear, exponential and arbitrary - see Fig. 1, as well as for other periods of depletion of 
fossil fuel reserves, for example, after 80 and 120 years, have confirmed the efficiency of the 
proposed method for setting investment priority. The given mathematical apparatus enables each 
reader to independently check the validity of the established dependencies.

In our opinion, the joint use of the identified dependencies creates a synergistic effect. For 
example, if UNFCCC participants implement cost-effective projects with the shortest 
implementation period, ignoring their energy efficiency, then it is possible to quickly implement 
energy-inefficient projects with the full development of global fuel reserves and the maximum 
increase in the amount of greenhouse gases in a short time - see project “A". The possibility of this 
option is obvious because without the proposed method, it is impossible to distinguish energy 
inefficient projects from efficient ones.

When investing in energy-efficient projects with a long implementation period, it is possible 
to completely deplete global reserves of fossil fuels and maximize the amount of greenhouse gases 
before the complete replacement of TES by RES takes place. And only their combined use excludes 
such consequences.



6. Choosing a project for the transition to carbon neutrality
6.1. Criteria of choice

The main criterion for choosing the best project for the energy transition is the best 
combination of the duration of its implementation with energy efficiency. To determine it, a special 
nomogram is proposed.
6.2. Funding Priority Rules

We propose [15] a simple rule for choosing energy projects from the condition of providing 
"sustainable development", which provide the exact priority of their financing within the framework 
of state policies and programs:

The priority of project financing is the higher, the less the content of greenhouse gases 
in the atmosphere increases and the more reserves of non-renewable resources remain after its 
implementation. It is prohibited to invest in projects with an energy self-reproduction 
coefficient of less than 2.
6.3. Project choosing method

The conducted studies give grounds to propose to everyone who is interested in the 
"sustainable development" of mankind the following sequence of operations for setting the priority 
of financing energy projects:
 Establish values for the maximum allowable limit for environmental impact Cmax and the 

minimum allowable limit for the preserved reserves of non-renewable resources for future 
generations FRmin.

 Make the forecast the rate of increase in global human consumption of energy Ch.
 Predict the mathematical relationship between the value of the stored reserves of non-renewable 

resources FR and the value of the accumulated environmental impact C and the value of the 
consumed amount of energy Ch.

 Calculate the predicted T100 nonrenewable resource depletion period based on the Ch and FR 
predictions.

 Calculate a nomogram for the entire period of resource depletion from T0 to T100, which links the 
values of the accumulated environmental impact C and the stored reserves of non-renewable 
resources FR and the value of the self-reproduction coefficient Ksr or for the entire range of its 
possible values, for example, from Ksrmin = 1.05 to Ksrmax = 100 (for research purposes), or over 
the entire range of practical values, for example, from Ksrmin = 2.05 to Ksrmax = 10.

 Calculate the coefficients of self-reproduction of the compared i-th projects Ksri and determine 
the timing of their implementation Ti.

 Exclude from further consideration projects with self-reproduction coefficients Ksri less than 
Ksrmin.

 Determine the predicted values of the accumulated impact on the environment Ci and the 
preserved reserves of non-renewable resources FRi, corresponding to the values of their Ksri and 
Ti, using the nomogram for each of the compared i-projects.

 Exclude from further consideration projects that do not meet the above allowable limits for 
Cmax and FRmin.

 Out of the pending projects, set the highest priority for the project that has either the lowest 
predicted Cimin environmental impact or the highest FRimax conserved resource.

 In the event that several projects with the same largest conserved volume of fossil fuels FRimax 
and the lowest predicted value of environmental impact Cimin are identified, priority is 
established between them according to economic criteria.

Conclusions and offers
The UNFCCC is applying economic methods to manage the transition to carbon neutrality. 

They ignore the energy efficiency of projects and the principle of their self-reproduction. Therefore, 
some of the investments the participants of the convention invest in projects that are in the red area 
on the proposed nomogram - see Fig. 11. Comparing the areas of the red and green areas, we can 
assume that such investments are not less than 50%. This means that damage from projects in the red 



area destroys the positive outcome from projects in the green area. This accelerated the depletion of 
non-renewable energy resources and the degradation of the environment.

But environmental degradation is a powerful rationale for increasing investment in the 
ineffective transition to carbon neutrality described above. For example, UN Secretary-General 
António Gutieres called on May 29, 2021 in Beijing to phase out the use of coal and switch to 
renewable energy sources. Earlier, the International Energy Agency predicted that the increase in 
the content of CO2 in the atmosphere in 2021 will be a record 5%.

We have shown part of the nomogram from Fig. 11 to the required scale in Fig. 12 to show a 
situation consistent with this IEA forecast. It is shown in Fig. 12 red-yellow dot with the designation 
"IEA".

Fig. 12. Interpretation of the IEA forecast for the increase in the content of greenhouse gases in the 
atmosphere in 2021

The position of the point "IEA" on the nomogram indicates not only the catastrophic 
development of the situation in ecology. It shows an absolutely disastrous investment in the energy 
transition in terms of efficiency. We have placed two blue-white dots that are labeled "!!" and "!!!" in 
fig. 12. One of them dates back to 2021 and has Ksr!! = 2.646 and C!! ≈ 0.5% t. The second refers to 
2035 and has Ksr!!! = 7.5 and C!!! = 5%. The UNFCCC, IEA, WEC, other organizers and 
participants of the energy transition had enough opportunities to complete it at the point "!!" the 
current year, or to move towards its completion at the point "!!!" at 2035 year. Both options are 
significantly better than the current situation.

But, thanks to the refusal to take into account the energy efficiency of renewable energy 
sources and the principles of self-reproduction, the participants in the UNFCCC framework 
convention and all of humanity fell into a vicious circle. Ineffective investment in the transition to 
carbon neutrality degrades the environment. Poor ecology is the rationale for increasing investment 
in the energy transition. Increasing investment in inefficient renewable energy sources further 
worsens the environment. This is the rationale for a further increase in investment. Etc. However, the 
parties to the convention are doing everything right in terms of making a profit in any way while 
managing the energy transition by economic methods.

In these conditions, the abandonment of coal will be temporary. Manufacturing a huge 
amount of inefficient renewable energy sources will require the generation of a significant amount of 
additional energy. Therefore, humanity will quickly deplete the reserves of other fossil energy 
resources and return to coal.

We suggest that UNFCCC participants apply the method described above for selecting 
renewable energy sources. We find it very simple and not requiring a lot of investment. It will break 
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the aforementioned vicious circle and provide an opportunity for its participants to make a profit with 
maximum adherence to the principles of "sustainable development".
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