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Abstract

or the energy economics sector, earlier forecasting ap-

proaches (e.g., a Kaya identity or a double-logarithmic

function) proved too simplistic. It is becoming neces-
sary to systemically include the emergence of new discrete
evolutionary changes. This paper provides a novel quantita-
tive forecasting method which relies on the Global Change
Data Base (GCDB). It allows for the generation and testing
of hypotheses on future scenarios for energy, economy, and
land use on a global and country level.
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The GCDB method envisages systemic variables, espe-
cially quotients (such as energy intensity), shares (such as
GDP shares, energy mix), and growth rates including their
change rates. Thus, the non-linear features of evolutionary
developments become quantitatively visible and can be cor-
roborated by plots of large bundles of time-series data. For
the energy industry, the forecasting of sectoral GDP, fuel
shares, energy intensities, and their respective dynamic de-
velopment can be undertaken using the GCDB method.
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Introduction

Foresight methods and decision support systems are
able to provide quantitative data material, analyze it
suitably and derive conclusions for real-world eco-
nomic decisions including energy (Lu et al., 2009;
MacHaris et al., 2012; Mattiussi et al., 2014; Seur-
ing, 2013). An earlier article in this journal (Ahamer,
2018) explained the functioning of the Global Change
Data Base (GCDB) method, which maps trends from
a system dynamics perspective. The GCDB detects
country-wide dynamics of energy-related socioeco-
nomic systems. Bundles of time series of per-coun-
try data can be plotted and visually analyzed by the
GCDB analytical tool. From globally relevant public
data, the GCDB provides re-computations, combina-
tions, time derivatives, and their correlations with
time, economic development (GDP/capita) and other
structural variables in order to provide a consistent
picture of global evolutionary trends (Castells, 1996;
Christian, 2005). Such evolutionary trends can in-
form scenario-writing which further allows one to
assess a country’s room for maneuvering depending
on various policy scenarios.

This article will apply the GCDB to energy and the
economy and will detect “systemic transitions” —
meaning the gradual restructuring within countries’
institutions for energy economics and their rules of
functioning along the evolution of the global sys-
tems of energy and economy. The GCDB and its an-
alytical tool provides a more detailed scenario writ-
ing opportunities than current databases (e.g., the
International Institute for Applied Systems Analysis,
ITASA)! because it provides sector-specific and fuel-
specific timelines for each country with much great-
er detail, as it includes several dozens of economic
sectors and fuels.

Methods Used

The GCDB method consists of creating country-
wide correlations not only of data points but of data
series, and includes graphical representations which
open themselves much better for interpretation than
single mathematical numbers such as regression co-
efficients (r). GCDB’s genesis and method was ex-
plained earlier (Ahamer, 2014, 2018, 2021) and the
profits of combining often uncombined data sets
such as FAO’s land use data®, IEA’s energy data’ and
UNSTAT’s economic data®, after solving difficult
compatibility questions regarding economic sectors

and fuel types, which are defined differently in dif-
ferent data bases.

In practical work, the user selects the data sets to
be correlated from a menu and displays them in ei-
ther a logarithmic or linear manner on two axes of
a coordinate system. The assumption of underlying

“evolutionary trends” is more likely for such data

correlations which show highly streamlined arrays
of (averaged) lines than for those showing almost no
correlation. For building theories, the most highly
correlated plots are selected; and these are shown
in the following chapters. Furthermore, building
on such (graphical) trend extrapolations, options
for policy making can be defined, especially in such
cases where single states do not yet follow global
trends or fall behind their structural potential. One
example is the parameter of energy intensity which
was lower by a factor of 5-10 in former communist
countries (the former USSR, China) as compared to
countries with free market economies. In this sense,
the worldwide rising value of this parameter clearly
correlates with human evolution proceeding from
autocracies to democracies.

The factor formula using consecutive quotients

The GCDB allows for gaining more accuracy in the
identification of long-term trends in the develop-
ment of the global energy system based on detailed
statistical analysis. For the above-mentioned target,
an ordering structure for the parameters to be ana-
lyzed here is proposed as Figure 1, representing a
well-known factor decomposition often referred to
as the Kaya identity (Kaya, Keiichi, 1997; Peters et
al., 2017; Feron, 2016), and including the key pa-
rameter population, economic activity (GDP), final
energy demand (E, ), and primary (or raw) energy
demand (E ) All of these have to be analyzed as
a time series on a per-country level.

The advantage of expressing recent historic develop-
ment (and — in the case that reality can be projected
at all — the near future) as a formula lies in the in-
creased visibility of several distinct thematic areas
within a logic chain, namely

e energy technology and fuels (described by the
CO, emission factor CO,/ EP),

e energy conversion efficiency (described by the
efficiency of converting primary to final energy;,
E /E),

! E.g., the database supported by the International Institute for Applied Systems Analysis (ITASA). https://previous.iiasa.ac.at/web/home/research/

researchPrograms/Energy/Databases.en.html, accessed 18.11.2021.

* The database supported by the Food and Agriculture Organization (FAO). https://www.fao.org/land-water/databases-and-software/ru/, accessed

18.11.2021.

* The database supported by the International Energy Agency (IEA). https://www.iea.org/data-and-statistics/data-browser, accessed 18.11.2021.
* The database supported by the United Nations Statistics Division (UNSTAT). https://unctadstat.unctad.org/EN/, accessed 18.11.2021.
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Figure 1. The Principal Set-up

of the Statistical Analysis

Pop | | GDP | | E final | | E prim |
| GDP / cap | | E,/cap | | E /cap |
| E/GpP | | E/GDP |

Note: Several sets of quotients of the key parameters are used such as
population number, (final and primary) energy demand, and economic level
(GDP).

Source: author.

o efficacity of an economy to provide output with
a given amount of energy input, called “energy
intensity” E,/ GNP),

e the economic level of a country described by per
capita Gross Domestic Product GNP / capita) and

e the population.
This factor formula reads in the general notation as:

CO,=(CO,/E)x (E /E)x (E/ GNP) x (GNP /
capita) x population
where: CO, — level of CO, emissions; E, — demand
for primary energy (for a specific energy carrier);
E, — demand for final energy (for a specific energy
carrier); GNP — gross national product (in a spe-
cific economic sector); P — population.

This same factor formula reads in the detailed nota-
tion, including sectors and fuels:

CO, (¢, y) =2 CO, (c, v, f,8) = [CO, (c, v, £, 5) /
Ep (e, £ 8)]x [EP (¢, £,8) 1 E (¢, £, 8)] x [E,
(¢, y, £, 5) / GNP (¢, y, 8)] x [GNP (¢, y,8) / P (c,
WIxP(cy)

where: ¢ = country, y = year, f = fuel, s = economic
sector.

Unlike with simple correlations, the present theme
of global evolution requires the careful handling of
uncertainties and selective deviations from trends.
Thus, the present article provides the most impor-
tant of the above-mentioned quotients in a graphi-
cal manner in order to portray the levels, increase
rates, trends, and statistical deviations of the pre-
sumed trends in an easily perceivable manner.
Therefore, this article deems it more suitable to pro-
vide a graphical means of presentation as compared
to a presentation of mere numbers representing the
correlation factors.

Data and projections used

The present article uses past data only, and depend-
ing on their specific interest or the apparent correla-
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tion coefficient, the reader may extrapolate data into
the long-term future, which will require personal
paradigms on how world history is likely to func-
tion (Christian, 2018). Evidently, extrapolation by a
few years might seem safer than by a few decades. In
the following figures, for most cases this projection
is not undertaken explicitly by using single lines be-
cause such line-drawing could create the false im-
pression of safe assumptions regarding future trends.
Therefore, the author refrains from explicitly “com-
puting the future” by a regression formula. Actually,
reality is far more complex than can be described
by a handful of statistical parameters and includes
innovation, saturation stages, political conflicts,
and culturally produced deviations from seemingly
stable trends (Ahamer, Kumpfmiiller, 2013), among
which recent decisive climate change policies which
already visibly curb some countries CO, emis-
sions. Therefore, the continuation of trends repre-
sents rather mere hypotheses for structural change
in many cases, which then still have to be counter-
checked against their real-world likelihood.

Which Systemic Transitions Have already
Taken Place in the Past?

Additionally, to the mainly evolutionary character
of historic development, distinct steps or leaps can
be perceived in the structural-functional interplay
between the techno-socio-economic parameters of
the anthroposphere; thus leading to a stepwise, ever
more complex self-creation of the noosphere (Jager,
Springler, 2012; Kondratieff, 1984; Christian, 2018;
Raskin, 2016). During this co-creative evolution to
a humanized world, “yet varieties of global disrup-
tion (barbarization) and progressive transformation
(great transition) remain plausible alternatives”— as
we especially witness currently.

On a more general level, we perceive a steady shift
between those domains which exhibit virulent
growth during some historic epochs while show-
ing stagnation beforehand and afterwards (such
as population, Gross Domestic Product GDP, final
energy E, and primary energy E ). In world history,
there are transitions (Christian, 5005) visible which
represent rather rapid systemic structural changes,
including

e the population transition,

e the deforestation transition or land-use transi-
tion,

e the transition among several energy sources
which have their corresponding main pollutants.

This stepwise “evolution in transitions” makes mere
trend projection irrelevant as a scientific method
and practically-minded foresight toolbox, but in-
stead suggests a more inspired retrieval of crucial
points determining the overall civilizational dynam-
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Figure 2. Population Growth Rates

in All Countries of the World during
the Last Few Decades

Note: A possible path for industrialized countries such as Russia or Austria
is shown in grey.
Source: author.

ics such as saturation points, turning points, and the
seemingly unexpected creation of new phenomena.
The GCDB method takes such complex dynamics
into account by analyzing the 1** and 2" time deriva-
tives of data series (Ahamer, 2018).

Population explosion and population transition

One of the best-known structural transitions of the
anthroposphere is the so-called population transi-
tion or demographic transition (Galor, 2012; Akaev
et al., 2012). This first type of evolutionary transi-
tion is well documented and well explained in sci-
entific literature based on several decades-long
analyses (Chen, 2014; Fischer, 2008; Zhang, 2002;
Du, Yang, 2014; Toft, 2007; Shen, Spence, 1996; Sse-
wamala, 2015; Jenicek, 2010; Nielsen, Fang, 2007)
and therefore serves as the first example for how
the GCDB illustrates global trends. As a function of
increasing education, birth rates in many countries
decrease (Kravdal, Rindfuss, 2008; Mills et al., 2011;

Figure 3. Deforestation (in percent of arable

land area) as a Function of GDP/Capita

—
o
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Note: From left to right, along evolution, chronic deforestation even turns into
afforestation in developed countries.

Data sources: FAO, World Bank, GCDB.

Raymo et al., 2015; Upadhyay et al., 2014) while de-
pending on several framework conditions; and as a
function of increased medical support, death rates
decrease in similar time periods.

The relevant aggregate change rate is population
change (d pop/dt) which has already slowed down,
as Figure 2 shows for the growth rates as a func-
tion of GDP/cap (each red line meaning the time
average of a country during 1960-1991). Thus, our
earlier global problem of a population explosion has
already turned into our present problem of “popula-
tion shrinkage”, especially in countries of the “Glob-
al North”

Deforestation in order to gain new arable land

The second type of transition is mentioned in lit-
erature and commonly named “land use transition”
(Lambin, Meyfroidt, 2011, 2019; Hurtt et al., 2006,
2011; Macedo et al.,, 2012; Baumann et al., 2011;
Grau, Aide, 2008; Rounsevell et al., 2012; Long,
2014; Long et al., 2014; Munteanu et al., 2014; Pow-
ers et al., 2011; Long, Qu, 2018; Meyfroidt et al,,
2018; Nuissl et al., 2009)° including various shades
of this global trend. To evaluate this massive trend,
the GCDB provides long-term trends for country-
wide averaged values.

The setting aside of agricultural areas has replaced
the former pressing need for “new agricultural land”,
which earlier caused deforestation. This is becom-
ing strikingly visible in Europe and countries with
high GDP/capita and is displayed in Figure 3 as
a function of GDP/capita.

The key message of this figure is that apparently with
growing development, less deforestation is needed
to maintain an economy. The more a country devel-
ops, the less deforestation activities become neces-
sary and even reafforestation can be undertaken. At
the same time, the limits are illustrated of a concept
that attempts to portray the economic future as a
mere function of the economic past. The principal
necessity for a multi-paradigmatic methodology of
foresight (Vester, von Hesler, 1980; Ahamer, Jekel,
2010) is already felt here.

Epochal systemic changes in air pollution and the
energy fuel mix

During recent environmental protection history, we
can even observe a systemic and epochal change in
the air pollutants considered the most relevant and
these correlate with the evolutionary changes of en-

5 Alternative term proposal is “deforestation transition” as chosen by the
author (Fagua et al., 2019).
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Figure 4. The Concentration of Nitrogen Oxide
in the Air above China

a) January 2020

b) February 2020

Note: One can see strong decreases in concentration of nitrogen
oxide as a result of the Corona virus pandemic and related
economic limitations.

Source: https://www.zeit.de/2020/14/emissionen-corona-krise-
klimaschutz-treibhausgase-co2, accessed 19.01.2022.

ergy sources “on the catwalk’, i.e., in the perception
of environmentally interested persons. First in the
early days of environmental protection: these were
dust, CO, and SO, which represent “classical pol-
lutants” Later NO_ and hydrocarbons (often from
traffic sources, see Figure 4) become relevant for
ozone formation and causing respiratory diseases.
Afterwards CO, and greenhouse gases (GHG) came
to attention as systemic effects of any fossil-based
society (Meadows et al., 1972; Lovelock, 1988).

Therefore, we can conclude: every time period has
its mode of environmental pollution, ranging from
small-scale coal dust and CO pollution to the glob-
ally relevant greenhouse gas CO,, and this changes
according to humanity’s environmental understand-
ings. Experience shows that these environmental
problems were (at least partially) solved in this
historic sequence: during the 1960s until the 1990s,
dust, CO, and SO, were lowered considerably, most-
ly by (end-of-pipe) filter technologies, during the
1990s-2010s ozone precursors were reduced, and
presently GHG are the focus of environmental ac-
tion worldwide. In the same sense, there appears to
be a trend from individual to systemic, namely from
an individual case of a limited problem (e.g., from
an individual, easily identifiable industrial chim-
ney) to a pervasive systemic and structural problem
with myriads of emitters (such as households and
traffic) that includes a strong behavioral compo-
nent. The crisis of COVID-19 coronavirus offers an
unexpected insight that air emissions can actually
be reduced from one month to another to such a
considerable extent that it even suffices as a climate
protection measure (Figure 4).
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Figure 5. The “Marchetti Curve”

Coal

1850 1870 1890 1910 1930 1950 1970 1990 2010 2030 2050

Note: The “Marchetti curve” had hoped to explain past and project
future energy carrier percentages according to a logistic substitution
model. As we see, earlier prognoses for growing nuclear shares did
not come true (Ahamer, 2012), and the “solfus” (= solar or fusion,
then still undecided) turned out to be renewable energy, not fusion
energy. Seen from now, this curve is a historic document from a
techno-optimistic era.

Source: adapted basing on (Marchetti, Nakicenovi¢, 1979).

As a second example, the historic sequence of em-
phasis on changing market shares of energy sources
seems to follow a regular pattern at first sight. This
led early researchers to assume a double logarithmic
curve as was propagated by Italian Cesare Marchetti
who plotted relative market shares (f) against time
(Marchetti, Nakic¢enovi¢, 1979). The following im-
age (Figure 5) emerges in his vision: after an early
historic biomass era, there follows the coal era, then
the oil era, currently the gas era and — in these au-
thors’ vision of the future — the nuclear era, which
was even more desired at that time. These analysts
remain partly undecided regarding the future: as an
interpretation of the ambiguous abbreviation “sol-
fus”, every reader can make their own interpretation
of what this abbreviation means: solar or fusion,
depending on the preferences of any given reader.
This example shows that in former decades, research
tried to remain entirely value-free, according to the
paradigm of “pure science” during these times. The
so-called Marchetti curve represents successive ep-
ochs with different predominant energy sources ac-
cording to their market shares f, which are plotted
into a double-logarithmic horizontal scale (f/(1-f)),
see Figure 5. This curve became well known, but
still did not prove sufficiently correct, based on how
the situation actually developed with the benefit
of hindsight (i.e., 40 years later in this case) which
proved the earlier presentation of this information
to be partly incorrect.

In the author’s view, this example underlines the fact
that relying too much on an ideological paradigm
might mislead forecasting activities and distort sug-
gested scenarios.
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Figure 6. The Three Main Economic Sectors

Plotted for Each Continent as a Function

of GDP/Capita
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Note: Agriculture marked as green; industry — blue; services — yellow. In order
to highlight possible “paths of development”, sprayed colours suggest lines
outside the actual scope of data.

Source: author, using data from (Ahamer, 2019) and GCDB.

Which Economic Sectors are Important
during Evolution, and to What Extent?

This chapter presents the diagnosis of evolutionary
shifts among sectors of an economy as a function of
economic development and provides various graph-
ic representations for this evolutionary analysis.

Graphically representing development paths for
sectoral GDP by continents

One key interest of any forecasting activity is find-
ing structural shifts within global economic systems
(Sterman, 2000; Abler et al., 1971; Durakovié et
al.,, 2012). This means, to what extent do the sec-
tors shift, and in which sequence? Expressed in oth-

er words, what is important to the population, by
which economic activity is their attribution of im-
portance expressed and by how much economic ef-
fort is their drive to express their preferences imple-
mented in reality? What is essential for an economy
is expressed to a large extent by the percentage share
of the relevant economic sector; for example, the
expenses and services that are made by these sec-
tors. Existing gross national product data allow such
a representation in a uniform manner through the
value for all countries in past decades.

As a first step, continent-wide representations of the
percentages of the three main GDP sectors as func-
tions of these continents’ economic levels (GDP/cap)
are arranged in Figure 6, where each continent is
shown by graphs allocated to this continent’s GDP/
cap levels. Sprayed lines in the three colors suggest
a window width in which so-called “paths of devel-
opments” could continue on our planet, including
a supposed history covering smaller GDP/capita
levels. However, it should be kept in mind that as-
suming the existence of “paths of development” at
all represents an act of implicitly subscribing to one
of several possible opinions within the realm of de-
velopmental paradigms: the notion of development
paths means identical pathways for any evolution,
and that all countries would more or less follow the
track of “the most developed” nations. Such devel-
opmental optimism (provided by internal growth
theories), however is contrasted by dependence
theories (Fischer et al., 2016; Ahamer, Kumpfmiiller,
2013; Bader et al., 2013, 2014).

As a second step, continent-wide representations of
the percentages of the ten GDP parts as functions
of these continents’ economic levels (GDP/cap) are
shown in Figure 7, which provides more details but
at the same time less easily traceable “paths of devel-
opment”, and more disturbance by potential changes
in data coverage producing stepwise functions.

Figure 7. The Ten Economic Sectors Plotted for Each Continent

as a Function of GDP/Capita on a Logarithmic Vertical Scale
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Note: Agriculture marked as green; industry — blue; services — yellow.
Source: author, using data from World Bank and GCDB.

GDP by activity

Agriculture, hunting, forestry & fishing
Electricity, gas and water supply, mining and manufacturing industry
Trade, transport, communication

Banking services

GDP by activity / EQUALS GDP

Construction

Mining and quarrying

Manufacturing

Electricity, gas and water

Community, social and personal services
Wholesale and retail trade

Transport, storage and communication

Finance, insurance, real estate
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Figure 8. The Four Industrial Economic Sectors

Plotted for Each Continent as a Function of GDP/
Capita on a Linear Vertical Scale
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Source: author, using data from World Bank and GCDB.

Figure 9. The Four Service Economic Sectors

Plotted for Each Continent as a Function of GDP/
Capita on a Logarithmic Vertical Scale
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As a next step, Figure 8 explores the details of in-
dustrial sectors only while using a linear scale — in
contrast to the logarithmic scale of Figure 7. It be-
comes clear that the dynamics of small values of a
few percent only become more visible on a vertical
logarithmic scale, which better complies with an
implicit paradigm of “presumably constant relative
change rates during development” (Estep, 2002),
which thus will be kept in use in the future.

Better visibility of alleged “paths of development”
can be achieved by logarithmic (as opposed to lin-
ear) plots, which is corroborated by Figure 9 show-
ing the generally rising percentage shares of service
sectors on any continent. The GCDB generally relies
on graphic pattern recognition and tends to under-
stand better pattern discernability as better explain-
ability for an evolutive formula. Thus, any evolution
tends to obey exponential building laws as opposed
to linear building laws.

The methodological message of Figure 10 is that a
plot of all single countries without using a time-av-
erage representation could likely provide a less clear
picture as compared to using spatial or temporal ag-
gregates, which is done in other figures.

The above-mentioned type of economic transition
between sectors has been known for a long time
(Haggett, 2001), and the GCDB allows one to quanti-
ty its relative speed and periods of onset for all single
sectors. By doing so, “economic transition” becomes a
generalizable “natural law” for all countries.

Visualization of development paths for sectoral
GDP by countries

This subsection shows how various manners of
graphical representation (of one and the same data)
allows for the recognition of various sub-aspects
within the economic transition as a global phenom-

€non.

Figure 10. The Three Main Economic Sectors as Composed by their Respective Single Sectors

Agriculture

!
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Note: Vertical axis reflects the ratio “GDP per capita / EQUALS GDP”. Data plotted for each continent as a function of GDP/capita for each
single country. Agriculture marked as green; industry — blue; services — yellow.

Source: author, using data from World Bank and GCDB.
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Figure 11. Development of the Sectoral GDP/

Capita of the Electricity Generating Industry
as a Function of GDP/Capita

10000
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100

GDP/capita — Electricity, gas and water supply (USD)
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— World
—O— NAM — North America

—+— LAM — Latin America and
Caribbean

—*%— WEU — Western Europe

—m— EEU — Central and Eastern
Europe

—+— MEA — Middle East
and North Africa

—2— AFR — Sub-Saharan Africa
—@— CPA — Centrally Planned Asia
—*— SAS — South Asia

—&— PAS — Other Pacific Asia
—O— PAO — Pacific OECD

—0— FSU — Former Soviet Union

Legend for diagonal lines: red = 100% share of total GDP, pink = 10% share,
violet = 1%, grey = 0.1%.

Note: Incomplete data supply by single countries may cause jumps in data
curves. The eleven world regions equate IITASA modelling, as described by the
map insert.

Source: author, using data from World Bank and GCDB.

Based on the above experiences with graphical rep-
resentations depicting the intra-sectoral shift occur-
ring during economic evolution (in possibly sys-
tematic manner, which is still to be analyzed), a new
method of presenting is being developed now.

On the one hand, all evolutionary information is
best plotted as a function of GDP/capita; on the

other hand, the percentage rates of every single
economic sector should be clearly visible. Addition-
ally, appropriate (spatial and temporal) averaging is
recommended in order to render the development
paths visible.

As a first example of a type of presentation as well
as of the variability between geographical regions,
Figure 11 plots the development of GDP per capita
for the energy-related sub-sector named “electricity,
gas, steam™® as a function of GDP/cap. The defini-
tion of eleven regions complies with IIASA models
(IPCC, 2002; Ahamer, 2008, 2014, 2015).

In the course of overall economic growth, the GDP of
this single sub-sector also increases; and therefore, the
curves of all continents point towards the top right.
The percentage of total GDP can be read by compari-
son with the diagonals, which are therefore explic-
itly marked. Greater inclination upwards in Figure 11
means a positive rate of increase in Figure 13.

Figure 12 shows the same information as Figure 11
for the entirety of all nine economic sectors, plus
for the aggregates industry, services, and statistical
adjustments. The sequence of diagonal lines is the
same as in Figure 11, only in blue color.

It becomes visible that a few sectors do not seem to
follow a “development path” but rather obey local
geographical circumstances; the most visible sector
being mining — which becomes clear when under-
standing geographic and geologic criteria for min-
ing activities which do not depend on a country’s
economic level. Other sectors’ development seems
to exhibit a rather clear “evolutionary path”

In a next step, the change rates of the percentages of
all nine sectors are displayed in an explicit manner.

Figure 12. Development of the GDP/Capita of All Nine Economic Sectors as Function of GDP/Capita

1 — Agriculture 2 — Mining

8 — Finance services

Note: Legend for the sequence of diagonal lines as in Figure 10
Source: author, using data from World Bank and GCDB.

3 — Manufacturing 2,3,4,5 — Industry

6,7,8,9 — Services

9 — Community and social services

¢ According to UN economic categories. See: https://unstats.un.org/unsd/trade/classifications/SeriesM_53_Rev.5_17-01722-E-Classification-by-Broad-

Economic-Categories_ PRINT.pdf, accessed 14.01.2022.
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Figure 13. Arrows for the Change Rates

for All Nine Sectorial Percentages
as a Function of GDP/Capita
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Note: Legend for the sector colours see in Figure 11.
Source: author, using data from World Bank and GCDB.

Figure 14. Change Rates (in %) for All Nine

Sectors as a Function of GDP/Capita
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Note: Legend for the colours of the sectors as in Figure 11.
Source: author, using data from World Bank and GCDB.

Figure 15. The Resulting Presumed Development

Path for the Three Main Economic Sectors
Plotted Globally as a Function of GDP/Capita
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Note: Agriculture marked as green; industry — blue; services —
yellow. The insert provides yet more detail by suggesting a path for the
related energy intensity in agriculture and industry.

Source: author, using data from GCDB.
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Figure 13 shows arrows which equal roughly the
trends for change rates when averaging across all
countries worldwide. In another type of depiction,
Figure 14 provides the averaged change rates for all
nine economic sectors, again measured as percent-
age points.

Conclusions for the shift in sectoral GDP

Based on analysis of the previous figures and by
selecting those economic sectors with growing in-
crease rates, the following conclusions can be made
regarding sectors promising further expansion of
their economic activities in the medium and long
term (i.e., showing positive rates of increase in the
right part of Figure 14):

e Technological infrastructure, i.e., electricity,
gas, water: currently has a low level, but very
high growth rates,

e Transport and communication,
e Financial services and insurance,
e Community and social services.

It is essential in this analysis that rates of increase
themselves are viewed as variables. Passing the zero
line in Figure 14, hence changing the sign mathe-
matically, marks a transition process similar to the
well-known population transition.

The grand picture is delivered by Figure 15 show-
ing the hypothesized path for agriculture, industry,
and services as a function of the economic level. As
an interpretation, economic levels (sectoral GDP/
cap) translate to the “perceived importance” of the
related societal activity.

Which Overall Trends Exist in the Energy
Sector?

Let us go to the analysis of the energy transition,
which explicitly offers huge opportunities for Rus-
sia (IRENA, 2017a, b; IRENA, 2022; Grechukhina,
2021). Conventional projections of energy demand
mostly conceive the demand for energy as linear or
growing slightly exponentially (IPCC, 2002; IIASA,
1998). Often, this is on the basis of earlier research
at ITASA assuming a worldwide and uniform con-
stant numerical value for the improvement of energy
intensity (E/GDP), namely -0.8%. Are there better
ways to map global dynamics?

Rate of increase for final energy

First of all, this article presents the rates of change
for energy demand over time (Figure 16). In this
and the following figures, only the red average line
is shown but not the strongly oscillating actual
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values. It is striking that the rates of increase con-
verge to about 1% in the right-hand side of the fig-
ure, which means the economically more developed
countries — and secondly, those rates start to sink;
in some cases, they already seem to have become
negative. If one continues the development mental-
ly, the negative growth of the energy requirements
means an expected reduction of energy demand in
the developed nations.

This self-organizing dynamic behavior ultimately
might regulate the entire global energy problem and
the greenhouse effect problem. This is the energy
transition. It is obviously caused by negative feed-
back cycles in the global energy system.

Per capita final energy demand and its rate of
increase

In this subsection we perceive that across all politi-
cal systems and economic levels, the growth of per-
capita energy consumption levels off and thus repre-
sents one of the most stable and most characteristic
trends of the worldwide “energy transition”. For the
individual countries, according to Figure 17, the per
capita final energy demand is initially positively cor-
related with GDP/capita. This is in line with the wide-
ly known fact that economically developed countries
have higher per capita consumption; and additionally,
such consumption increases over time. Both facts to-
gether lead to very pessimistic assessments about the
increase in energy demand being unavoidable.

We also see that historically dramatic “learning effects”
are possible, namely that economies with previously
lower GDP/capita (e.g., China) may already hit the
path toward decreasing E/cap. Figure 18 provides the
data for the rates of change for E/cap, (which further
adds to the clarity that E/cap growth actually saturates).

Energy intensity (E final / GDP) and its rate of
increase

In general, viewing the quotient energy intensity
(= final energy / GDP) characterizes entire econo-
mies. As a fundamental strategy against global
warming, decoupling energy demand from econom-
ic growth has great potential — but must be filled
with practical measures on a concrete pragmatic lev-
el. Viewing Figure 19 may even lead one to consider
the decrease of energy intensity natural law.

A finer picture of the (possibly inherent) dynamics of
reducing E/GDP is perceivable from Figure 20: in a
medium phase (around a GDP/cap of 1000-2000$/
cap), economies show almost no improvement in en-
ergy intensity, while afterwards strong gains in energy
intensity become possible (at bottom in Figure 20).

When identifying components within the global
“energy transition”, the partial effect of ever more ef-

Figure 16. Development of the Rate of Increase
in Final Energy Consumption in Petajoules PJ
(E final) as a Function of GDP/Capita

Note: This rate obviously decreases in the course of evolution.
Source: author, using data from IEA and GCDB.

Figure 17. Illustration of the Final Energy
Consumption per Capita as a Function
of GDP per Capita
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Note: In the insert only the red trend lines are made visible. This
variable seems to approach a state of saturation.

Source: author, using data from IEA and GCDB.

Figure 18. Rate of Change in Final Energy
Consumption per Capita as a Function
of GDP per Capita

a) for all individual countries
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Source: author, using data from GCDB.
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Figure 19. Energy Intensity for Producing

a Unit of Value Added (Energy Consumption
per Capita) as a Function of GDP per Capita
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Note: In the insert only the eleven regions are shown.
Source: author, using data from IEA and GCDB.

ficient provision of economic output per energy in-
put is revealed as a key contributing factor by means
of the GCDB’s quantitative data.

Which sectoral trends exist in energy
demand?

Percentage of final energy consumption in some
main sectors

The approximately 30 economic sectors of the IEA
database’ are unfortunately different from those in
UN economic statistics and therefore the (principal-
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Figure 20. Rate of Change in Energy Intensity

as a Function of GDP per Capita

a) for all individual countries

c) the eleven regions aggregated

P
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Source: author, using data from GCDB.

ly seemingly easy) quotients from Figure 1 cannot
be computed in all cases, especially when sectoral
data for both energy and GDP data are required.

In order to provide a reasonable and feasible illus-
tration, Figure 21 shows some telling examples of
the percentage of final energy consumption, includ-
ing in industry, service, and transport, while using
the earlier colors of the headings.

The evolutionary and developmental processes de-
scribed in the previous chapters are widely known
and statistically clearly corroborated. In contrast to
the GDP-related breakdowns in the earlier chapters,

Figure 21. Share of Energy Use in Three Main Sectors
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Note: Roughly the same size of energy use (above), and, as a detail, the breakdown within the transport sector (below), using red trend lines for all countries.

Source: author, using data from GCDB.

7 Its position within the GCDB is integrated within Figure 17 in (Ahamer, 2018).

2022 | Vol. 16 No 3

| FORESIGHT AND STI GOVERNANCE | 27



Strategies

Figure 22. Growth Rates in the Shares of Energy Use in Individual Sectors
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Note: Includes details of the breakdown within the electricity sector (centre) and its supply modes (bottom). Again here, a red
trend line is shown for each country, and the zero percent line is situated in the image centre.

Source: author, using data from GCDB.

this chapter provides shares of energy consump-
tion (as part of total energy demand), according to
various domains of usage of this energy, as depicted
in Figure 21. As one example, the transport sector
(brown) comprises a strikingly large percentage of
energy consumption. In addition to the classical
service sector, the “other” sector (yellow) also in-
cludes households, which are not associated with
the generation of sectoral GDP. Detailed quotients
(E/GDP)) are therefore not always clearly possible.

Rates of change of percentages of energy use by sector

This section shows change rates of variables shown
in the previous section. The country-by-country
representation of the sectoral growth rates (Fig-
ure 22) enables the better perception of dynamics,
especially for developed countries at the right in the
images. According to visible trend lines and correla-
tions, data are interpreted as follows:

e The constant increase in the energy demand
share for road traffic is likely to continue in the
short and long term.

e The previous growth rates for the share of energy
demand in aviation remain high, but in the me-
dium-term in economically very developed coun-

tries this may increase even further, in the mod-
erately-developed countries, it should slow down.

e The relative decline in energy consumption
share for the railways remains constant for the
time being, but in the medium term can turn
into a noticeable increase in highly developed
countries.

Other observations are summarized at Table 1.

Percentage of final energy differentiated by energy
sources

This chapter deals with the development of the percent-
ages of each (one of over twenty) energy sources. The
graphical representation of the energy carrier shares
uses a more concise form of representation (namely by
region, not by country as before) (Figure 23) and this
is done again in the medium and long term.

The following energy sources are declining: coal and
heavy oil in the medium term, all oil products (af-
ter their expiring short-term increase) such as diesel
and gasoline in the long term. In the medium term,
growth is expected for natural gas, electricity, while
in the long-term this growth is expected for biomass,
heat, and jet fuel.
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Table 1. Interpretation of Some Trends Identified within Figure 21

Perspective

Trends

Short-term e The (low) share of energy consumption in agriculture tends to increase
(5-10 years) e The (already high) ener§y share of industry is falling, particularly strongly in the iron and steel sector
o The electricity generated as a share of total energy consumption continues to rise significantly, mainly generated by

ublic electricity producers

o The domestic production of energg sources is increasing.
o

e The share of energy consumption

r the service sectors is continuously increasing slightly

Medium-term | o In the long term, the proportion of electricity generated at companies themselves (“own production”) begins to

(10-20 years) increase

e The proportion of non-energy use that has risen to date begins to fall in the long term
o Imports, which have risen so far, are beginning to decline again
e The previously high rate of increase in the share of energy consumption for the chemical industry begins to decline

in the long term

o The previously high rate of increase in the share of energy consumption for the transport sector remains high and is

growing

Source: author.

Rates of change in percentages of final energy
differentiated by energy sources

More striking information and thus more insight
into global dynamics is provided by plots of the in-
crease rate of energy carrier shares. These are dis-
played in Figure 24.

This diagnosis results in statements about possible
long-term shifts in the energy mix:
¢ a slowing down in the decline of coal,
e an acceleration of the decline of oil products,
e the cessation of gas growth,
e asteady increase in electricity use,
e the beginning of an increase in other solid fuels
such as biomass,
e a very strong slowdown in the increase of heat
use;
e an acceleration of heavy oil consumption for oil
products,
e the moderate continuation of petrol and (lower)
diesel growth,

e a strong slowdown in LPG growth in more de-
veloped countries,

e a decrease in growth for jet fuel everywhere.

Conclusions

Global change is a long-term and complex evolu-
tionary procedure. Given that, it is welcome to find
any reliable quantitative orientation, namely a cor-
roboration of systemic long-term trends with global
relevance. Such trends can support any of the ex-
isting methods for scenario writing, independent
of the underlying assumptions, for example, such
methods include:

e a cyclic or exponentially growing economy,

e a steady or transition-driven historic develop-
ment,

e a paradigm leaning toward ever widening or
narrowing economic gaps between population
groups,

e a narrative versus formulaic style for expressing
historiographic and futuristic convictions.

Figure 23. Share of Energy Use by Individual Energy Sources
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Note: Includes the detailed breakdown of petroleum products (below) as red trend line for all regions.

Source: author, using data from GCDB.
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Figure 24. Rate of Increase in the Share of Energy Use by Individual Energy Sources
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In this wide existing paradigmatic context, the
GCDB method (on the quantitative basis of the
Global Change Data Base with its expandable 2,500
primary data sets for all countries) sets out to pro-
vide an analysis of multiple, non-linear, unpredict-
able, and stunning trends in economy, energy and
land use on a per-country level. This article suggest-
ed several trends in the domains of energy demand
and supply, energy efficiency and the intensity of its
use, change in the fuel mix, economic sector compo-
sition, sectoral energy demand and supply, and, fi-
nally, changes in all of the above-mentioned change
rates. Detailed trends were presented as images and
texts.

At first glance, we see that growth rates of global en-
ergy demand will decline. This result is stable with
regard to all energy types: the peaks of coal, oil, and
gas seems to be over soon — in this sequence of en-
ergy types. Today already “peak o0il” is a well-known
phrase.

A suitable counterstrategy against the detected meg-
atrends which threaten the fossil economic basis of
any country strongly relying on oil, gas, and coal
(such as Russia or some Central Asian countries),
is to promote the production of decisively renew-

able energy and its integration into national grids —
namely biomass, solar,and wind.

A second look, however, brings us beyond the mere
contemplation of “trends” which tacitly rely on the
assumption that world history proceeds in a lin-
ear or exponential manner. A thorough analysis
of evolutionary paradigms (Ahamer, 2019) shows
that many combinations between cyclic and trend-
oriented exist and that history does not at all flow
in the direction which could ever be expressed by
stringent formulae, not even by exponential or sinus
curves. Rather, the CEBM diagnosis suggests transi-
tions as governing dynamic pattern in techno-socio-
economic evolution. Examples are, starting with al-
ready well-known transitions:

e the population transition,

e the deforestation transition or land-use transi-
tion,

e the transition among several energy sources
which have their corresponding main pollutants,
and

o with regard to economy as a whole, a steady his-

toric shift away from the agricultural sector to-
wards industrial sectors and onwards to service
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sectors in various types of graphic representa-
tions

As to the energy transition: which is the main focus
of our article, steady lowering of the increase rate of
final energy consumption (E, ) along historic evo-
lution; this is one of the strongest existing trends
overall. This diagnosis is corroborated by the variable
“final energy consumption per capita (E; _/cap)” com-
ing into saturation which can be still better visualised
by its growth rates. The most striking diagnosis is
found for the strongly decreasing variable energy in-
tensity, i.e., the required final energy consumption for
producing a unit of value added (E; /GDP; and its
growth rate). This energy transition (in the sense of
a strategic retraction from fossil fuels and reorienta-
tion towards renewable energies) is actually the focus
of all country’s present climate strategies, and is still
more speeded up by the worsening geo-political is-
sues, calling from energy supply independence from
incalculable authoritarian regimes.

As to transitions within energy sectors and fuels, among
a complex overall picture, several general trends can
be identified, including: (i) away from (dirty, emis-
sion-rich) primary fuels such as coal and crude oil)
toward consumer-oriented and refined fuels such as
electricity, heat, LPG and jet fuel and (ii) away from
heavy sectors, such as (especiallye steel) industry and
agriculture toward service sectors.

All these transitions are observable principally in all
countries, while the historic time of their onset var-
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