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Mitigation of global warming and transitioning to a green and sustainable world

are counteracted by a number of barriers and dilemmas. The paper analyzes a

number of these barriers and dilemmas in order to highlight efficient strategies

and solutions for a sustainable development. The dilemmas include the following
examples:

e There are limits to economic and material growth in a finite globe, but most
governments in industrial countries are calling for more growth in a period of
financial crisis.

e More equity is required to stem the desire for growth, but inequity is increasing.

e The increase in global temperature should stay below two degrees centigrade
in order to avoid irreversible consequences, but the present path points to four
degrees or more.

At least 50% of known reserves of fossil fuels must remain underground in order to
avoid a temperature increase higher than two degrees, but a number of industrial
countries are now promoting exploitation of new fossil sources like shale gas and
oil from tar sand.

e Reversing population growth facilitates sustainable development, but most
governments of industrial nations appear to be more concerned about decreases
in their population.

1. Introduction

The world is presently faced with a number of serious
problems including global warming and climate change,
limits to economic and material growth, increasing in-
equities, misleading economic models and theories, and
financial crises. Most national governments in the Or-
ganisation For Economic Co-Operation And Develop-
ment (OECD) attempt to maintain traditional growth
rates based on neoliberal principles. However, they do
not appear to realize that a sustainable future requires
radical changes in political, economic and institutional
systems on international and national levels.

In relation to the problem of global warming, it has
not been possible to date to obtain international com-
mitments for binding reductions of CO, emissions.
However, there seems to be international consensus con-
cerning the danger of irreversible consequences if the
increase in global temperature is allowed to surpass two
degrees centigrade. Recent analyses have concluded that
in order to avoid this transition at least 50 % of known

fossil reserves should remain untapped underground
[IEA, 2012]. It is not obvious how this condition would
be implemented in practice. Moreover, with the recent
exploitation of non-traditional energy sources like shale
gas and shale oil, the goal of limited use appears to be
even more problematic. This issue should be high on the
agenda of the united nations (UN), but so far it is not
the case.

This paper will focus on the role of the rich indus-
trial countries, as they are responsible for most of the
present problems. In addition, such countries have the
necessary economic and technological power to imple-
ment a green transition to a world that is not dependent
on fossil fuels.

However, it should not be overlooked that there are
a number of barriers for this transition. Strong financial
power is connected to vested interests in production of
fossil fuels, while concern about sustainable develop-
ment is relegated as a low priority on the money-based
agenda. Here, significant changes are needed to yield
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less power to the market and private vested interests.
The paper includes concrete proposals for such changes.

The implications of limits to growth in a finite world
should be at the center of any strategy for a sustainable
future. Unfortunately, that is not the case. Instead, it has
become fashionable to speak of green growth in order to
avoid taking the substance of limits to growth seriously.
It will be argued in this paper that green growth in the
present framework is an illusion and typically an excuse
for continuing traditional growth with green cover.

The need for significant societal and institutional
changes to implement a sustainable green transition to
a world that is not dependent on fossil fuels is often ne-
glected in comparison with the focus on new technolog-
ical solutions. The focus of this paper is designed with
the opposite priority.

2. Limits To Growth

Several pioneers of economics have warned that
pursuing growth forever is not desirable [Mill, 1900;
Keynes, 1931]. Growth should be considered as a tem-
porary phase, until the global population has achieved
satisfactory material welfare. The concept of limits to
growth captured broad public interest with the publica-
tion of a report with the same name in 1972.

2.1. The Limits to Growth report

An extensive study of the “World Problematic” was
initiated by The Club of Rome [Norgard et al., 2010;
Meyer, AtKisson, 2012], resulting in the 1972 report
The Limits to Growth (LtG) [Meadows et al., 1972]. The
report presents a number of scenarios based on an ag-
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gregated computer model, simulating the global de-
velopment in population, food production, use of non-
renewable resources like fossil fuels, industrial output,
and in environmental pollution.

The report concluded that continuation of the ac-
tual growth policies in population, industrialization,
food production, and consumption of non-renewable
resources would most likely lead to some kind of col-
lapse during the 21th century, due to resource scarcity,
over-pollution, over-population, etc. This collapse sce-
nario attracted the most attention. However, alternative
scenarios were also presented in the report illustrating
how a change of course could lead to an environmen-
tally sustainable development path, which is also able to
satisfy all people’s physical needs.

Many critics of the report focused exclusively on
the collapse scenario, and stated by the 1990s that the
collapse had failed to materialize. However, the analy-
sis in that scenario finds the collapse to occur decades
later [Norgéird et al., 2010]. The recent recognition of
global warming from CO, concentration in the atmos-
phere and an approaching peak in oil supply combined
with the current financial crises fits rather well with the
growth scenario in LtG. As shown in Fig. 1, real devel-
opments in the main parameters in LtG have followed
quite closely the main trends in the report’s standard
(collapse) scenario, which leads to collapse around 2040
[Vuuren van, Faber, 2009; Turner, 2009]. See also the
two later revisions of LtG [Meadows et al., 1992; Mea-
dows et al., 2004]. Thus, the basis for the warnings from
LtG remain and should be taken seriously before it is
too late.
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Figure 1. The observed global developments of four essential parameters, here shown as black dots, roughly follow the outcome in the Stan-
dard run with growth and collapse, rather than the Stabilized run from ‘The Limits to Growth’ model. [Vuuren van, Faber, 2009].




HayuHble ocHOBbI hOpMMpOBaHMs TexHOCheEPbI

2.2. The illusion of decoupling and green growth

The so-called decoupling between GDP and energy
consumption is a statistical myth or illusion based on
macroeconomic abstractions [Nergard, 2009], since all
economic activities encompassed within GDP involve
some energy consumption.

A growing GDP will always push energy consump-
tion upwards, but this trend may be reduced for some
time by savings from more efficient technologies. The
coupling between GDP and energy consumption has
clearly been demonstrated in real life by the drop in en-
ergy consumption during the recent recession in OECD
countries. The use of the term decoupling has unfortu-
nately led to the seductive perception of green growth,
i.e. that GDP can grow in an unlimited way, without any
impact on energy consumption. What can rightfully be
claimed is that energy consumption need not grow at the
same rate as the GDP.

A true decoupling between GDP and energy con-
sumption is not possible, but it is possible to obtain de-
coupling between GDP and CO, emission by shifting
to an energy supply without CO, emission. Based on
the current path, however, even in the most optimistic
case, this will not be achieved on a global scale before
2050 with serious climate change effects expected to oc-
cur during the period. Recognizing this, the concept of
green growth is generally a dangerous and painted ex-
cuse to continue the present growth with minor correc-
tions.

On a related count, it is worth underscoring that
there will always be a coupling between human eco-
nomic activities and environmental impact, since all en-
ergy supplies, including renewable energy sources, have
some environmental impact.

2.3. New paradigm of employment

In a balanced economy, the number of working hours
should be reduced with increasing productivity resulting
in more free time for everybody.

One of the rationales for promoting continued eco-
nomic growth in the present ‘neoliberal economy’ (dis-
cussed more fully below) is the employment effect of
increasing productivity. Briefly sketched, the economic
growth-employment idea works as follows. If produc-
tivity increases by 2% per year, there will be about 2%
less jobs available next year, provided no new economic
growth occurs. This proposition, however is flawed, as
it assumes a fixed number of working hours per week
which is not a natural law.

A solution which can account better for sustainable
development and employment would introduce a flex-
ible number of working hours per week, dependent on
the state of the market. When there is a lack of jobs,
the number of working hours is reduced, and vice ver-
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sa. This could be combined with work-sharing, so that
forced unemployment is avoided. As the economist John
Maynard Keynes expressed in the 1930s: “Take care of
unemployment and the budget will take care of itself.”
In addition, this scheme will abolish the present inhu-
mane system that locks millions of people in industrial
countries into forced unemployment.

In rich countries this system could be supplemented
by a general basic income (citizens salary) scheme secur-
ing more freedom for people to choose their individual
life style [Meyer et al., 1981].

2.4. Misleading economic models and theories

A change in economic policy is required where the
principles of ecological economy are given much higher
priority. This is not a sufficient condition for sustainable
development, but rather a necessary condition.

Prevailing ideas in neoclassical/neoliberal eco-
nomics have been responsible for a number of finan-
cial crises since the 1980s, with the present crisis from
2008 still ongoing. Recently, the two Nobel Prize win-
ners in economy, Joseph Stiglitz and Paul Krugman,
openly acknowledged that neoliberal economic theory
and models have no real scientific basis and have been
more harmful than useful. Other realistic economists
have used the phrase that economy is politics in disguise
[Chang, 2010].

It is high time that these disclosures are included in
economic university education and are taken into ac-
count in government policies. One alternative is to focus
on ideas from ecological economics rather than neo-
classical/neoliberal economics. The main difference be-
tween these two systems is briefly described as follows,
drawing upon Herman Daly’s references to sustainable
development [Daly, 2007].

Standard neoliberal economics (SNE) ideas are
based on the premise of an isolated economic system
with circular flow of production and consumption. SNE
is primarily focused on efficient allocation of resources
with minor attention to fair distribution and typically
no attention to economic scale.

In contrast to this, ecological economics (EE) con-
siders an economy to be an open subsystem of a finite,
non-growing biosphere that is closed with respect to
matter but open to a (non-growing) flow of solar energy.
EE focuses first on the sustainability of the economic
scale and its material through-put. Second priority is
given to fair distribution, while efficient allocation is po-
sitioned still lower as a third priority.

Considered together, SNE is mainly concerned with
the variation of a narrowly defined GDP, where deple-
tion of natural capital and a number of pollution effects
are often not included as costs in the accounting. EE in-
stead points out that growth in GDP may result in un-

be3sonacHocTb B TexHocdepe, N°1 (sHeapb-thespans), 2015 5



HayuHble ocHOBbI hOopMMpoOBaHMs TexHOoCheEpbI

Scientific Bases of Technosphere Formation

economic growth due to depletion of natural capital and
pollution effects. Such a tendency towards uneconomic
growth is already observed in some OECD countries
[Daly, 2007]. Recent studies by economists and other
researchers indicate that in societies where citizens’ ba-
sic needs are met, further income and consumption will
not increase people’s satisfaction and happiness [Jack-
son, 2009; Layard, 2006; Jackson, 2005; Nergard, 2006].
In other words, in affluent parts of the world, continued
growth in GDP is not necessary for a good life.

Going further, SNE favors global economic integra-
tion based on free trade and free capital mobility with
reference to the classical argument of “comparative ad-
vantage”. John Maynard Keynes pointed out in the 1930s
that free capital movement destabilizes the national
economic systems. He also proposed that independent
national banks should control such capital movements
in order to avoid destabilization of the economy. EE
recognizes that the classical economics model did not
include free capital movement and that internalization
of environmental costs tends to be given low priority in
a global race to cut costs and attract capital. Unfortu-
nately, the EU has abolished this form of control in the
1980s and made the free capital movement part of the
EU constitution.

An important sustainability question then turns to
intergenerational balance. In standard macroeconomic
modeling, this is often settled by introducing discount
factors for future economic events. However, discount
factors of 4 % or higher mean that the welfare of fu-
ture generations is given low priority Never-the-less, a
number of governments in OECD countries have official
discount factors in this range. In any case, the intergen-
erational balance cannot be satisfied by such a simple
technical factor in economic models. The intergenera-
tional distribution problem is a complex one and should
recognize that that different generations may have dif-
ferent goals and priorities. The focus should not be on
efficient allocation, but rather on keeping flexible choic-
es and opportunities open for future generations.

2.5. Global warming: Adaptation or mitigation?

Investments in adaptation should not be allowed to
reduce the necessary investments in mitigation.

Strategies for coping with global warming include
both mitigation and adaptation. The former stems the
tide of the shift, whereas the latter develops an altered
way of dealing with the shift. As it is becoming more and
more clear that the efforts to mitigate global warming are
too weak and too slow, the general focus is to some extent
moving from mitigation to adaptation. This may turn out
to be an expensive and dangerous shift in strategy.

The British government’s report on climate change
[Stern, 2007] noted that costs can be expected to be an

order of magnitude more expensive for the world to
continue with a business as usual approach, rather than
investing quickly and strongly in mitigation of global
warming. This indicates that it may be a costly strate-
gy to shift the emphasis from mitigation to adaptation.
Increasing investments in adaptation with limited eco-
nomic resources available in the present financial situ-
ation may further delay the necessary investments in
mitigation.

The shift of investments from mitigation to adapta-
tion may give rise to costly consequences if the global
increase in temperature passes the critical two degrees
centigrade sooner than expected.

It may be concluded, that investments in adaptation
should be concentrated to the cheapest and most urgent
projects in order to avoid costly investment failures.

2.6. The importance of equity

Equity is fundamental to the well-being of society.

There is solid documentation that societies with a
high degree of economic and social equity are doing bet-
ter on essential parameters like health, living standard,
low criminality, low rates of suicide, high personal life
satisfaction, high trade competitiveness etc. [Wilkinson,
Pickett, 2009].

The degree of equity may be described by the so-
called Gini-coefficient with values between zero and one.
If the national income is divided equally between all
citizens, the value is zero. If all of the national income
goes to one person, the value equals one. As a rule of
thumb, a society with a Gini-coefficient less than 0.3 can
count on a rather solid social stability, while societies
with values above 0.4 are in danger of running into se-
rious social problems. The Nordic countries have Gini-
coefficients between 0.23 and 0.25, whereas the numbers
for the US and South Africa are 0.45 and 0.65 respec-
tively. Surprisingly, high equity is low on the priority list
for many countries.

Comparatively speaking, the lack of equity between
western industrial nations and developing nations is a
serious barrier for commitments on international agree-
ments concerning CO, emission reductions. This issue
should be taken more seriously by the international
Conference of Parties on mitigation of global warming.

3. Emission Trading Systems

A principal approach to limit CO2 emissions cent-
ers on government caps for the allowed emissions from
selected parts of industrial production or private house-
holds. Examples of such schemes follow.

3.1. Industrial carbon quota
The Emission Trading System has reflected unim-
pressive carbon savings to date.
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In effect for some time, the EU’s Emission Trad-
ing System (ETS) embodies industrial carbon quotas.
The ETS is designed so that energy-intensive industries
(including electric utilities) are given carbon emission
limits that are specified by the EU Commission and na-
tional governments. The experience with this cap-and-
trade scheme to date has already revealed a number of
shortcomings, resulting in unimpressive carbon savings
within EU. It remains to be seen whether stricter caps
and other reforms will produce the desired results dur-
ing the second period of the scheme after 2013 [EU Com-
mission, 2008]. So far, agreement about the strengthen-
ing of the ETS has been prevented by opposition from
some member countries, especially Poland. However,
the EU Commission continues to work on establishing
constructive changes through consensus in the ETS.

3.2. Personal carbon allowances

Considering the slow progress in mitigation of cli-
mate change, the concept of Personal Carbon Allowances
deserves further attention as a supplement to existing
schemes.

Energy taxes and subsidy systems for energy conser-
vation have so far not been efficient in convincing pri-
vate households to implement sufficient building reno-
vations and other forms of energy conservation.

One alternative proposal is called Personal Carbon
Allowances (PCA) [Fawcett et al., 2009]. In the PCA
scheme, every adult is allotted an equal, tradable ration
of CO2 emission per year related to their consumption
of selected energy services for private households. Com-
pared to the cap-and-trade system used in the industrial
sector, PCAs apply to individuals and influence their
behavior. PCA establishes a direct mechanism with neg-
ligible uncertainty for emission reduction in the house-
hold sector. For simplicity, one proposal is that PCA
should be related only to “direct” energy consumption,
i.e., energy used for personal travel plus heating and
electricity within the household [Fawcett et al., 2009].

So far, no country has introduced a PCA scheme
and only a few industrial countries are giving serious
consideration to the scheme. The most extensive dis-
cussion of PCA has taken place in the UK where UK’s
Department for Environment, Food and Rural Affairs
(DEFRA) published a report on the scheme in 2008 [DE-
FRA, 2008] with a positive evaluation of its potential.
A similar conclusion was expressed by the Chairman of
UK’s Environment Agency, Lord Smith of Finsbury, in
a speech at the agency’s annual conference in London
in November 2009. In both cases it was stated that the
scheme needs relative long time to develop and that the
cost of administration should be analyzed more closely.

The efliciency of a PCA system is dependent on the
particular energy system in the country and on the in-
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stitutional arrangements. Analysis of the potential of
PCA in the UK and Denmark [Fawcett et al., 2009] in-
dicates that for these two countries the scheme would
cover 30 to 50% of the total national CO, emissions.
The PCA requires systematic government support to
the households in order that they may benefit from the
scheme and accept it as a positive challenge.

4. Examples Of Solutions

In this section, examples for international and na-
tional strategies are described. More details may be
found in two recent books (Jackson, 2012; Meyer, 2012).

4.1. International changes

Existing international institutions, like the World
Trade Organization (WTO), International Monetary
Fund (IMF), and the World Bank, present serious ob-
stacles for a sustainable development, since their poli-
cies and priorities have been closely linked to neoliberal
theory and models [Jackson, 2012]. This reality has been
harmful for sustainable development, especially for
many developing countries.

In recent years, these international institutions have
slowly begun to change their policies due to the unsatis-
factory results. However, the basic rules for the institu-
tions do not allow them to give sufficiently high priority
to a sustainable green transition. Here, it is important to
consider alternatives to the existing institutions [Jack-
son, 2012; Meyer, 2012].

Alternative trade organization

The main priority of the present WTO is to promote
international trade and overcome barriers to free trade
associated with customs duties on import or export sub-
sidies. Concerns for the negative consequences of trade
for the environment and social equity figure on a lim-
ited to non-existent basis within the WTO. The WTO’s
focus is based on the conception that free international
trade is an advantage for all parties — in spite of solid
documentation that this is not the case [Jackson, 2012].
Free trade favors advanced industrial countries and
multinational companies. Free trade is also often a dis-
advantage for developing countries that cannot compete
in the advanced technological arena or protect domestic
efforts to build up competitive technologies.

When considering a green transition, the WTO pre-
sents a barrier to an efficient promotion of general glob-
al welfare, when welfare is defined to include environ-
mental stewardship and social equity. This leads to the
proposition that WTO should be replaced by a new in-
ternational trade organization. Such replacement would
be responsible for promoting environmental sustainable
trade with fair rules that permit developing nations to
protect their emerging technological development for
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a sufficient period [Jackson, 2012; Meyer, 2012]. The al-
ternative organization could also be responsible for the
administration of a general tax on financial transactions
(i.e. Tobin tax).

Similar changes of priorities could be introduced
in transformed versions of IMF and the World Bank as
well, where global equity and sustainability can play a
more defining role.

Shale gas and oil from tar sand should remain under-
ground

During the last five years, the US has pioneered the
exploitation of shale gas at scale. This has changed the
entire energy sector in the US, with the cost of gas and
coal decreasing significantly. In tandem with this, the
US is becoming less dependent on imported fossil fuels
and is expected to become an exporter of liquid natural
gas.

It is not surprising that the U.S. government is sup-
porting energy supply security and the accompanying
financial advantages. However, from an environmental
sustainability point of view, such exploitation of new
non-traditional fossil fuels is alarming. Recent analyses
have shown that to keep the global warming below the
critical two degrees, at least 50% of known fossil fuels
should be kept underground [IEA, 2012]. This is an ex-
tremely difficult objective to meet in practice — to use an
understatement. If a general exploitation of shale gas all
over the world is being implemented, it may be impos-
sible to prevent the global temperature to increase above
two degrees.

This issue merits attention by the United Nations
to adequately limit the shale gas progression. Similar
considerations apply to the exploitation of oil from tar
sands.

Population declines are good news - not a new prob-
lem

According to official UN estimates, the world popu-
lation is on a trajectory with no adjustments to grow to
around 9 billion by 2050. It turns out that with relatively
small changes in number of births per woman, large
changes are possible in the long term. Sustainability,
including mitigation of climate change, would be a lot
easier in a world with population numbers in the lower
range of estimated scenarios.

Population is slowly declining in many parts of the
Western world. However, government policies in these
densely populated, high CO2 emitting, countries often
encourage higher birth rates rather than lower. This
short-sighted policy is based on assumed problems when
a decreasing number of young people in the work force
have to support an increasing number of older people
outside the active work force. This problem is, how-

ever, relatively easy to overcome with long term plan-
ning and modifications in national policies. One of the
consequences may be that future generations in OECD
countries will not be much richer than the present gen-
eration, but this is in agreement with the basic concept
of limits to growth.

Based on concerns for the consequences for human
welfare and the environment, policies encouraging birth
rates below 2.0 per woman could be promoted in poor
as well as affluent countries. In the affluent countries,
a population policy, which avoids economic and social
incentives to increase birth rates, may be sufficient. In
poorer countries, strategies like information campaigns
about birth control for women may suffice, while in oth-
er cases, stronger means like economic incentives may
be necessary. Population control is clearly a sensitive
issue, and policies can conflict with basic ideas about
personal freedom. They can also conflict with traditions
and religious beliefs. Nevertheless, as indicated above,
population policy should be part of any climate change

policy.

4.2. National changes

New rules for democratic political work:

Democracy is being undermined by money power.
This is a dangerous trend since democratic decisions
should be based on informed arguments and not on
narrow commercial interests. This complexity presents
a serious barrier for a green transition. Here, radical re-
forms could include the following [Meyer, 2012]:

o It shall be forbidden by law for private persons,
commercial companies and all kinds of organiza-
tions to offer economic support to political parties
and politicians. The only exception is a modest fee
for members of political parties e.g. of the order of
40 € per year.

o Governments should support the work of political
parties with a membership above a minimum
level with basic economic funding, but most of the
political work must rely on voluntary efforts from
the members.

These restrictions may meet a lot of resistance from
vested interests in the present capitalistic system, but so-
lutions along these lines are necessary if real democracy
is to survive.

Promotion of equity

It was emphasized in an earlier section that a high
degree of economic equity is important for a balanced
economy without growth. This may be achieved by
strongly progressive taxes on income, capital and inher-
itance above a certain minimum value. Such a scheme
has recently been supported by the French economist
Thomas Piketty [Piketty, 2014].
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The fear that highly salaried commercial manag-
ers will emigrate in large numbers with such taxation
schemes seems highly exaggerated in the media. How-
ever, it would be relevant to combine such schemes
with reintroduction of national control of capital
movements.

Constraints from international agreements

Some relevant changes like national control of capi-
tal movements will, however, be in direct conflict with
the EU constitution. Thus, it would not be possible for
member states of EU to reintroduce national control
with capital movements as the EU constitution empha-
sizes free capital movement. Such members would have
to negotiate a different relationship with the EU to make
this change. This subject will be further discussed in
section 6.

5. The Necessary Technologies Are There

The only energy technologies deserving the name
sustainable are based on renewable sources used for
solar heating and cooling, photo-voltaics (PVs), wind
power, wave power etc. A number of these technologies
are already competitive with energy technologies using
fossil fuels, especially when including externalities. In
practice, these externalities are far from included in the
cost of fossil fuels creating an unbalanced competition
system. In contrast, the global state subsidies for fossil
fuels are an order of magnitude larger than the support
for renewables. The lack of political will and policies
for a balanced market are delaying the necessary green
transition.

In order to promote renewable energy sources a
number of government supported tariff systems have
been introduced e.g. for wind power in Europe. The
most efficient one has turned out to be the so-called
feed-in tariff [Meyer, 2007].

The renewable energy sources are characterized by
their intermittent nature which complicates establish-
ing balance between supply and demand and requires
new systems thinking. However, a recent Danish en-
ergy project with the title “Coherent Energy and Envi-
ronmental System Analysis” (CEESA) has documented
that it is possible to phase out all fossil fuels in Denmark
with known technologies before 2050. Compared to
business as usual approach, this green scenario will have
lower total costs over the period [CEESA, 2012].

The technological innovation includes production of
higher energy efficiency motors, cars, trains, and house-
hold equipment like refrigerators and lighting [Nergard
et al., 2007]. One should be aware, however, that the full
technical efficiency improvement is seldom evident in
actual use when human beings are the main actors be-
cause of the rebound effect. When cars run longer per
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liter of fuel, many people will enjoy longer trips. When
refrigerators are more energy efficient, people may buy
larger refrigerators. When low energy lighting is intro-
duced, people may use more lights and leave them on
during the night. It is possible to reduce the consequenc-
es of this effect by changing life styles [Norgard, 2009],
but the effect should be taken into account when plan-
ning future energy systems.

The green transition involves new planning meth-
odologies and new policy means as described in the re-
ports from CEESA. Similar kinds of strategies may be
used for a green transition in most industrial countries,
but this will probably not gain momentum at scale in
time without establishing a lead group of motivated and
technological advanced countries.

6. How To Get Started?

To date, the global society has not been able to cre-
ate sufficient international co-operation to avoid serious
climatic consequences from man-made global warming.
The good news is that alternative systems and policies
using existing technologies could provide the necessary
solutions, should the industrial nations decide to use
these opportunities efficiently. Time is at a premium,
however, and new types of international co-operation
and economic systems are needed.

A possible lead group may be the Nordic countries.
They have already initiated a number of concrete poli-
cies supporting sustainable development and a green
transition. In addition, they have a long tradition of
close co-operation and recent analyses point to many
advantages of some kind of Nordic union [Wetterberg,
2010]. It would require, however, that Denmark, Finland
and Sweden obtain a more flexible type of EU member-
ship in order to be free and independent of several con-
straints in the EU constitution [Meyer, 2012]. Alterna-
tively, these three countries would have to give up their
membership of the EU. The lead group should be open
to other nations with the same goal.

An important economic barrier is due to the present
system of free capital movement which is part of the EU
constitution. This undermines the stability of national
economy and national control of such financial transac-
tions should be reintroduced for the lead group.

Such changes would involve extensive formal negoti-
ations between the lead group and the EU. As both par-
ties have obvious advantages of continued co-operation
there is no reason to believe that a satisfactory kind of
co-operation could not be attained.

Without the formation of such a lead group of coun-
tries speeding up the green transition, this transition
may not be realized in time to avoid a number of serious
negative consequences of climate change.
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7. Conclusions

Limited progress toward a sustainable green transi-
tion is not tied to a scarcity of low-carbon technologies,
but rather to the adherence to economic and political
systems with short-sighted vested interests and inap-
propriate priorities. In spite of this, most scientific pa-
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AHanus rnob6anbHOro «3eneHoro» nepexoaa
Hunbc U. Meitep, npodeccop [laTckoro TexHU4eckoro yHusepcuteTa, JltoHréro-Topbek, [laHus

CmseqeHuto 2106a16H020 NOMeNNeHUs U nepexody K «3eeHoMy» U ycmol4ugomy Mupy npomusocmosm pso 6apeepos
u ounemm. B Hacmoswel pabome npednpuHam aHaau3 Hekomopsix 6apeepos u OunemMMm C ek 8bl0eneHus 3Q@ek-
MmugHbIX cmpameaull u peweHuli 015 docmuxeHus ycmolivugo2o passumus. B kavecmee npumepog 0unemm 8bi0eseHbl
cnedyruwue.

e Ha ¢usuyecku KoHeyHol naaHeme cyujecmsyrom npedessl IKOHOMUYECKO20 U MamepuaneHo20 pocma. O0HAKo 8
bosblIUHCMBE UHOYCMPUANBLHO PA38UMbIX CMPAH 8 YC08USX KPU3UCA Npasumenscmea npu3siearom K oansHeldwemy
pocmy.

e [lng oepaHuyeHus pocma mpebyemcs paseHcmso, Mexdy meM 8 Mupe 803pacmaem HepaseHcmao.

e [119 mo2o 4mobel u3bexams Heobpamumsbix u3mMeHeHUll, Heobxo0uMo, 4mobel yeenuyeHue cpedHeli 2106a16HOlU memne-
pamypel He npesbicuno 2°C. Mexdy mem, Habawdaemslie 8 HacMoswee speMsi meHOeHyuu 0byc1081UBaKM y8eauyeHue
Ha 4 u 6osee epadycos.

e [1ns moz2o ymobsi uzbexams pocma cpedHeli enobansHoli memnepamypsl 6onee yem Ha 2°C, no kpatiHel mepe 50% pas-
8€0aHHbIX 3aNACO8 UCKONAEeM020 Monausa O00/IKHbI 0CMasamscs 8 3eMHbIx Hedpax. Mewdy mem psd uHOYCMpuUasbHO
pazeumsix CmpaH CMuMyupyrom 0C80EHUE HOBbIX UCKONAEeMbIX IHEP2eMUYECKUX Pecypcos, MAakux Kak caaHuessili 2as
U Hegme 6UMYMUHO3HbIX NECYAHUKOB.

* [IpekpaweHue pocma yucaeHHocmu HacesaeHus obnez4aem nepexod K ycmotiyugomy passumuto. OOHAKO 60bWUHCMEBO
npasumesnsCme passumsix CMpaH 8bIPAMAKM KPaliHo0 06eCNOKOEHHOCMb 8 C8S3U CO CHUMEHUEM YUCIeHHOCMU Hace-
JIEHUSI 8 CBOUX CMPAHAX.

e LleHmpansHoli npobnemoli s8n5emcs mom ¢akm, ymo «npedesibi pocma» He 80CNPUHUMAMCS Cepbe3HO PUHAHCO8bI-
MU 8e0oMcm8eamu UHOYCMpUaabHO pazeumeslx cmpaH. Hacmoswas cmames nocesuieHa paccMompeHuto nocaedcmautl
«npedesiog pocmax U NOUCKaM anbmepHamuesl «pocmys» 019 obecnedeHus 3aHIMoCmu HaceaeHus.

KnioueBble cnoBa: yCToitunBas sHepreTmka, nofiMTMYECKNEe CPEACTBA, «3ENEHbIN» Nepexos.

B Poccum 3anywieH nepBblit 3aB0oA4, N0 NPOM3BOACTBY COJIHEUHbIX 6aTapeit

3aBoy] IOMTHOTO IIMK/IA 10 IPOU3BOJCTBY COMHEYHDIX
Mojyseil Obl/I 3amylieH B 9KcInyartanuio 17 ¢espans B
Hosoueboxkcapcke (YyBamus). IIpousBogumMble COMHed-
Hble 6aTaper MOXXHO OYHeT MCIO/Nb30BATbh M B HACMYP-
HYIO IIOTOJLY.

CyMMapHBIt 06beM MHBECTULMIT B CO3[laHMe PON3-
BOJCTBA ¥ VHXXEHEPHON MHQPPACTPYKTYPbl COCTABUII
20 mapp py6. Ilpembep-muuuctp Omutpuit Mepsenes
TMPUHA yYacTHe B 3aITyCKe IPOM3BO/ICTBA Ha 3aBofe. 3a-
BOJl HauHeT paboTaTh Ha MOJTHYI0 MOWIHOCTH (97,5 MBT
B Iofi) BO BTOpoit nmonosuHe 2015 roga. Ha npegnpuarun
MCIO/Ib3yeTCsA TOHKOI/IEHOYHAsA TEXHOIOTUA NPOU3BOJ-

CTBAa COJIHEYHBIX Mo,uyneﬁ METOJOM HAIIBIJIEHMA HAHO-
cnoeB, no3posnAwuan B 200 pa3 COKpaTuTh UCNIONb30BaAHNE
KPEeMHUA — OCHOBHOTO CBIPbS B COTHEYHOII 9HEPTeTUKeE.
ConHeuyHble MOAynu, mpousBopumbie B HoBoueOok-
capcke, CIIOCOOHBI BBIpabATBIBATh 3/MEKTPUUECTBO AaXke
B IIACMYPHYIO IOTOAlY, YTO OCOOEHHO aKTya/bHO IJIA POC-
CUIICKUX yCTOBUIA.
ComHeuHbIe MaHENN, BBIITyCKaeMble 3aBOJOM, 6y11yT
B OCHOBHOM MCIIO/ZIB30BAaTbCA [OIA BpraéOTKI/I SJIeKTpO-
3HepI‘I/H/I 191828 HOTpe6I/IT€JIeIu/I B OTOAJIEHHBIX peI‘I/IOHaX B Ka-
4ecTBe 00'bEKTOB MajIOl 9HEPTeTUKIU.
HUcmounux: www. GreenEvolution.ru.
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