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Abstract 

Climate change negotiations require conceptual underpinnings to provide a robust foundation for the whole 
negotiation system. Principles such as the "common but differentiated responsibilities" or "polluter pays" serve as 
"political formula" to guide negotiators to achieve mutually acceptable outcomes. Negotiations on technical issues 
such as emissions reduction often fail due to the lack of guiding principles. After decades of negotiations, the 
climate change negotiation system is still searching for principles particularly when the negotiators have realized 
that the principle of common but differentiated responsibilities seems to be itself preventing countries to reach an 
international agreement to reduce Greenhouse gas emissions as it is increasingly seen to promote free-riding. 

As the United Nations Framework for Climate Change Convention (UNFCCC) looks for completing principles, it 
has asked international experts to come up with ideas how the newly agreed principle of "equitable access to 
sustainable development" can facilitate the negotiation process, by providing guidelines to overcome the divide 
between developed and developing countries. This paper aims to contribute its understanding of this principle by 
looking at the fifteen simulation games of the climate change negotiations that the author has conducted to derive 
ideas on how principles can be used to reach an agreement. Furthermore, this paper concentrates on a case study 
of how technology transfer in the energy sector can be conducted by states to support the principle of equitable 
access to sustainable development. 

 
“To go beyond is as wrong as to fall short” (Confucius) 

 
Introduction

One of the most challenging activities when 
identifying stumbling blocks (and finding ways to 
cope with them) is that these stumbling blocks are 
usually obscured by human subjectivity. Academic 
debates on principles such as equity, fairness and 
justice inevitable touch on experiential values, 
whereas attempts to quantify such values may 
produce further negative consequences that would 
delegitimize any “noble” goal. As national 
governments are represented by humans, policies 
are consequently determined through various 
individual cognitive processes, which follow 
specific experiential trajectories. Paradigms, as 
historical constructs, build “mental anchors” which 
continuously produce, maintain and enhance 
perceptions (see Cedarbaum, 1983; Kuhn, 1996). 
Perceptions, in turn, define preferences and 
expectations that subsequently frame actions.  

As the theory of path dependence suggests, norms, 
rules and procedures slip away from the awareness 
of actors as the decision-making process unfolds, 
and escape any form of self-criticism. Such mental 

anchors are "paradigms" that may "paralyze" 
cognitive processes leading to the inability or refusal 
to look outside the current model of thinking (see 
Kuhn, 1996). A mental anchor is a lock-in situation 
where the potential for change or further movement 
remains low (David, 1988). The internalization of 
these norms, rules and procedures determine 
cognitive thinking to the point that it may hinder 
flexibility. 

Paradigms or “cognitive constructs” have the 
purpose of containing contingencies to enhance 
decision-making. They allow the development of 
expectations and incentives through which goals and 
actions are precisely constituted. These paradigms 
involve routines that enable actors to focus 
resources on other important areas; thus, paradigms 
enhance efficiency. For instance, the concept of 
‘territoriality’ is a paradigm developed after the 
Westphalian peace that purports state sovereignty, 
elucidating independent decision-making within that 
specific territory. As a paradigm, 
territoriality/sovereignty is close to becoming a 
quasi-dogma or even a legal doctrine: the sanctity of 
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the current boundaries in Africa, for example, has 
determined international foreign policy around civil 
unrest in the region. Challenges to existing 
boundaries, whether through rebel groups or 
neighboring countries, tend to be considered 
pejorative to the principle of sovereignty, leading to 
various sanctions being implemented. 

That a paradigm can be shifted is not a new idea 
(see Handa, 1986; Kuhn, 1996; Hoyningen-Heune, 
2011).  Paradigm shifts are necessary when mental 
anchors no longer serve the contingencies they are 
supposed to address. In some cases, actors may 
realize that existing (and dominant) values and 
social institutions are no longer efficient, and no 
longer fit the changing conditions of that time. 
Although paradigmatic shifts may cause enormous 
transition costs in order to move from one paradigm 
to the next, and although they may face fierce 
objection by powerful societal actors, actors may 
still manage to shift the way they think. As 
paradigms are frequently established within existing 
power structures and reproduced by power 
asymmetries, initiatives to change such paradigms 
may be easily regarded as threats to the entire 
system and to the powerful groups that sponsor 
them. A “paradigm economy” - where specific 
actors actively profit or enjoy positive externalities 
from existing phenomena - is understood to imply 
contestation processes when paradigm shifts are 
sought. Shifts will be most likely challenged by 
actors profiting from the status quo. In similar cases, 
actors may realize that it is impossible to shift 
paradigms as there is no credible alternative 
available, and that shifting may materialize 
unknown risks, such as unanticipated power 
vacuums (“paradigm shift dilemma”). Therefore, 
they may merely resort to the transparent 
identification of such paradigms and the 
development of strategies designed to prevent 
“paralysis,”, rather than attempting to genuinely 
resolve the conflicts caused by obsolete ways of 
understanding social subjects. Nevertheless, shifting 
paradigms is not done for the sake of shifting. A 
paradigm, as described above, has a distinct purpose 
particularly in decision making.  

In various complex cases, such as in the global 
environmental context, actors may realize that there 
is a plurality of paradigms among them. Ideally, 
deciding on specific problems such as climate 
change requires that decision makers think the same 
way, especially when looking at various conceptual 
issues. The plurality of paradigms may, for example, 
lead to the failure to reach consensus on what the 
real problem is. As the complexity of climate 
change leads to the multidimensionality of 
rationales and perspectives, climate policy makers 
may be confronted with complementing and/or 
competing paradigms. In this matter, no paradigm 

shift is needed, but rather a “consensus” on which 
paradigm should be employed at all. 

The diversity of models of thinking leads to 
great diversity in how the problem is viewed. This 
may inhibit decision making as deliberations may 
not come up to consensual solutions. As paradigms 
may determine negotiation formulas or formulate 
the agenda for the talks, multilateral negotiation 
processes should start by ascertaining whether there 
is consensus on paradigms – they should deconstruct 
the construct. Because global climate negotiation is 
confronted by the lack of consensus on paradigms, 
particularly on justice and fairness, a kind of 
“consensus diplomacy” becomes indispensable. 

The Parties to the United Nations Framework 
Convention on Climate Change (UNFCCC) 
introduced the notion of equitable access to 
sustainable development in the Cancun agreements, 
in the context of a timeframe for global greenhouse 
gas emissions. They have identified the overarching 
priorities of developing countries as being social and 
economic development and poverty eradication; in 
light of this developing countries will need more 
time to reach their peaks than developed nations 
(UNFCCC, 2012).  

The centrality of the principle of equity is not 
new to the UNFCCC. It deals not only with 
conventional issues relating to mitigation and 
adaptation, but it also involves the decision-making 
process itself. The difficulty of reaching consensus 
can be attributed to the lack of agreement on which 
analytical level equity should be defined. An 
example of this is equitable burden-sharing, that is, 
resource-sharing or sharing the available carbon 
budget in accordance with the principles of equity 
vs. effort sharing, or sharing the necessary effort 
(costs) in accordance with the principles of equity 
(UNFCCC, 2012). At the Conference of the Parties 
(COP) 17 in Durban, South Africa, the UNFCCC 
secretariat and related bodies started conducting 
informal consultations on EASD.  This led to a 
workshop at the fifteenth session of the Ad hoc 
Working Group on Long-term Cooperative Action 
under the Convention, which was held on 16 May 
2012 in Bonn, Germany  (UNFCCC, 2012). The 
workshop initiated a public discourse on EASD; in 
particular, the context for equity and EASD, the 
definition of equity and the application of the equity 
principle. This paper intends to contribute to this 
academic discourse and seeks to deliver insights into 
how equity and EASD can be defined, 
operationalized and implemented from the 
perspective of the negotiation process. 

Notions of Justice and Fairness – The North-
South Consensus Diplomacy 

 The entanglement of the climate change 
negotiations in the North-South divide is an 
immediate implication of competing interests 
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between developed and developing countries (see 
Penetrante, 2010, 2013). The definition of relations 
between the “North” (developed countries) and the 
“South” (developing countries) inform not only 
which results are viable, but also which procedures 
are acceptable, particularly when existing decision-
making structures are perceived as favoring 
developed countries and inhibiting the equal 
participation of developing countries. The North-
South conflict cleavage moves along the 
contestation line of how countries understand justice 
and fairness (Penetrante, 2010, 2013). Focusing on 
perspectives provides insights into the differences 
between how justice and fairness are defined by 
actors.  

While academic literature tends to use ‘justice’ 
and ‘fairness’ as interchangeable, this research 
project makes a clear distinction between these two 
terms. The notions of fairness and justice among 
countries are attributed to past experiences 
(backward-looking) and to future expectations 
(forward-looking). Thus, relating narratives to the 
negotiation process provides the distinction of 
fairness from justice. While fairness pertains to the 
procedure by which decisions are made, justice 
refers to whether an outcome satisfies the needs of 
the actors and whether it addresses their capabilities. 
Cecilia Albin (2001, p. 264) follows a similar 
distinction between what is just and what is fair. She 
notes that agreements (as the outcome of the 
negotiation process) are just if these agreements are 
based on principles that the parties themselves 
consensually agreed. An agreement is fair, she 
continues, if the circumstances leading to the 
agreement are reasonable. If, for example, the 
parties to the UNFCCC have agreed to the principle 
of sustainable development, an agreement is just if it 
does not undermine sustainable development. 
However, this just agreement can be unfair when the 
methods applied to reach this agreement do not 
consider the various diverging capacities of actors.  

Negotiation studies looks at the negotiation 
perspective of decision-making, wherein accurate 
descriptions of negotiation counterparts (with 
regards to their positions, interests, behavior, goals 
and actions) are considered useful in formulating 
strategies to resolve conflict cleavages (Luce and 
Raiffa, 1957; Schelling, 1960; Fisher and Ury, 1981; 
Raiffa, 1982). The entanglement of climate change 
negotiations in the North-South divide implies 
conflicts, making the negotiation perspective highly 
useful. Negotiation studies is usually concerned with 
methods of dispute resolution, and focuses on three 
types of justice: procedural justice, distributive 
justice and retributive justice. Procedural justice is 
concerned with fairness in the dispute resolution and 
resource-allocation processes, such as the equal 
participation of developing countries in all parallel 
meetings.  Distributive justice, in contrast, focuses 

on fairness in the distribution of rights and 
resources, such as basing emission rights on levels 
of economic development. Finally retributive justice 
is concerned with fairness in the rectification of 
wrongs, for instance, through compensation 
payments to countries highly affected by climate 
change (see Rawls, 1971; Albin, 2001; Müller, 
2001; Bone, 2003; Vanderheiden, 2008). 

The simulation games on climate change 
negotiations (see Penetrante, 2012) confirmed the 
tendency of these various types of justice and 
fairness – procedural, distributive and retributive - 
to compete among each other. The author of this 
paper has conducted several simulation games, both 
with students and scientists between 2009 and 2012. 
The results of the games are preliminary 
interpretations of various concepts that may be 
relevant in the global climate talks. The games 
showed that these types of justice may actually 
undermine each other, which raises questions 
around, which kind of justice should be prioritized. 
Nevertheless, prioritizing one type of justice over 
the others might unintentionally produce new 
injustices, as this prioritization is itself a decision 
that requires normative assessments. Furthermore, a 
fair procedure can diminish the effectiveness of a 
potential outcome.  It cannot always be assumed, for 
example, that the democratic process is always the 
fairest, as involving all countries in a decision 
making process for the mere sake of comprehensive 
representative democracy may disproportionately 
affect specific countries. 

For instance, developing countries, particularly 
those with the largest emerging economies such as 
China and India, may demand retributive justice by 
seeking exceptions from legally binding GHG 
emission reduction schemes by arguing that 
developed countries are held historically and 
morally responsible for the current concentration of 
GHGs in the atmosphere. This demand may 
however be in opposition to the distributive justice 
demanded by developed countries, particularly when 
certain developing nations such as China and India 
are projected to bypass developed countries in terms 
of GHG emissions in the next few years or decades. 
Efforts to reconcile these two positions may 
however undermine procedural justice/fairness, as 
LDCs with very low emissions may opt out of 
negotiations over this issue in favor of bilateral 
negotiations. 

When the negotiation process deals with the 
distribution of benefits and costs, it tends to create 
power struggles, as the negotiation process has 
become zero-sum. This tendency has been 
confirmed by the participants of the simulation 
games. The participants who played individual 
countries noted that it was almost impossible to 
understand the perspectives of the others in a 
competitive (distributive) negotiation process. This 
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implies that pursuing distributive justice inevitably 
reduces the bargaining process to a power struggle. 
It suggests that notions of justice and fairness are 
merely instrumentalized to enhance bargaining 
power. Therefore, the political instrumentalization 
of the principles of justice and fairness may 
effectively inhibit perspective change. 

The boundary between the North and the South 
has been mainly determined by countries’ positions 
around who should pay for the costs of mitigating 
and adapting to climate change, and how much 
should be paid (see Beyerlin, 2006;  Penetrante, 
2010, 2013). Such mitigation costs include direct 
investments into low emission technologies, 
technology transfer, and the opportunity costs 
brought by abandoning cheaper, higher emission 
technologies. These positions are products of how 
countries understand the concepts of justice and 
fairness following deliberations on their national 
circumstances. Nevertheless, as described above, the 
multidimensionality of climate change as well as the 
diversity of experiences among actors leads to a 
diversity of paradigms, implicating, among other 
things, differences in notions of justice and fairness. 
As Zartman (2003: 34) notes, “relevant principles of 
justice [are] likely to be loose, contentious, 
tentative, and fluctuating”. 

For the North, a fair and just mitigation measure 
employs mandatory cuts that would not distort 
sound competition between future generations of 
actors from developed and (formerly) developing 
countries (Schelling, 1995; Meyer, 2004; Posner and 
Sunstein, 2010; Posner and Weisbach, 2010). 
Therefore, mitigation should not be shouldered by 
developed countries alone, and developing 
countries, must also adopt concrete GHG emission 
reduction policies.  It is of particular importance that 
those emerging economies projected to be 
responsible for future growth in the level of 
emissions (such as China and India), should employ 
GHG emission reduction policies, which may or 
may not be complemented by various flexibility 
mechanisms. 

For the South, a fair and just mitigation measure 
addresses historical responsibilities and diverging 
vulnerabilities as well as capabilities (Agarwal and 
Narain, 1991; Müller, 1999; Najam, 2005). 
Compensatory actions should complement global 
climate policies to ensure that historical wrongs are 
addressed (Müller, 2001). Reduction schemes 
should be complemented by capacity building and 
technology transfer, which does not compete with 
the Official Development Assistance (ODA). 
Developed countries are obliged to provide 
concessional assistance of at least 0.7% of their 
Gross National Product (GNP) to developing 
countries as affirmed by several international 
agreements reached in various meetings (such as the 
1970 General Assembly, the 2002 International 

Conference on Financing for Development in 
Monterrey, Mexico, and the 2002 World Summit on 
Sustainable Development in Johannesburg (UN 
Milliennium Project, 2013)). With only five 
countries - Sweden (1.12%), Norway (1.06%), 
Luxembourg (1.04%), Denmark (0.88%) and the 
Netherlands (0.82%) - currently fulfilling their ODA 
obligations, additional subtractions from the ODA 
for climate funds is seen as inequitable, as climate 
projects tend to favor developing countries with 
emerging economies (see Silayan, 2005; IGES, 
2011). Furthermore, fairness and justice should be 
reflected in the processes through which decisions 
are made. Therefore, institutional capacity building 
that would allow weaker parties to effectively 
participate in various parallel meetings should be 
considered part of any fair measure that aims to 
address climate change. 

The diversity of paradigms on equity, fairness 
and justice requires the apparent bridging of 
competing notions and the recognition that each 
conceptual understanding is legitimate.  However, 
the terms ‘fairness’ and ‘justice’ may be abused to 
legitimize one’s position and increase one’s 
bargaining strength. In this perspective, an 
agreement is fair and just if it serves one’s own 
interests. Such an attitude renders fairness and 
justice useless. Nevertheless, as this research project 
argues, while global climate change negotiations 
presuppose a consensus on how justice and fairness 
should be understood, the concerns of each 
individual country should be recognized and 
adequately addressed. If individual concerns are 
taken as legitimate, countries may relax their 
defensive mode, allowing global climate talks to 
move forward. 

While justice is directed to the outcome and 
fairness to the procedure, equity pertains to 
participation. Equity demands that the various 
background conditions and diverging departure 
points confronting each actor are appropriately 
addressed when assessing the “quality” of one 
actor’s participation at the negotiation process. As 
the global climate change context shows, focusing 
on allocations of resources through the negotiation 
process requires complementing the notion of 
fairness and justice with the notion of equity. The 
preference to participate is determined by one 
actor’s assessment of equity during the negotiation 
process. Any sustainable outcome of global climate 
talks will need not only to adhere to fair procedures 
and just outcomes, but should also adequately 
recognize different contributions of individual 
countries, as well as the differing benefits and 
rewards under conditions of uncertainty and 
diminishing resources.  

The following section provides a focused 
analysis of equity in the global climate change 
negotiation context. 
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Equity in Climate Change Negotiations – 
Questions of Compliance and Global Common 
Goods 

There is consensus among developed and 
developing countries that issues of equity are of 
central importance in global climate talks (see 
Grübler and Fujii, 1991; Ott et al., 2004; Buchner 
and Lehmann, 2005; Heyward, 2007). Any climate 
regime must reflect the equity concerns of all 
countries if the regime is to be resilient and 
sustainable. As Katherine Richardson et al. (2011) 
note, response strategies to deal with climate change 
will invariably confront equity issues. These include 
the allocation of emission rights and emission 
reduction obligations, as well as the responsibility 
for funding adaptation and distribution of adaptation 
funds. The principle of equity has been most 
frequently applied to the allocation of mitigation 
costs among countries. Furthermore, dealing with 
the equity aspects of climate change will depend on 
the relational structures in the decision making 
process, whereas power asymmetries will tend to 
reinforce existing power relations. 

The perceived abandonment of equity principles 
of the UNFCCC and the Kyoto Protocol, as claimed 
by many experts in developing countries (Najam, 
2005; BASIC Experts, 2011), requires the 
reconsideration of equity questions. The UNFCCC 
does not clearly articulate the quantified meaning of 
equity, but rather has identified only the categories 
of developed and developing countries. ‘Equity’ has 
become a diffuse term, and its interpretation has 
been subordinated to national interests (see 
Heyward, 2007; Kals and Maes, 2011). In light of 
this, the UNFCCC secretariat has openly invited the 
academic community to participate in a discussion 
around equity, to initiate attempts at specifying 
possible standards of equity, and to explore how 
equity issues should be pursued in global climate 
talks. This deliberation should complement current 
climate talks, particularly if post-Kyoto mechanisms 
to reduce GHG emissions are to be achieved. From 
the negotiation perspective, questions of how equity 
can ensure compliance should be additional topics 
of public deliberation. 

Equity is a theoretical concept through which 
actors orient their own behavior when interacting 
with the others.  John Stacey Adams (1965) suggests 
that actors seek equity before and during contacts 
with others. The equitable condition is considered as 
the optimal situation (equilibrium), as actors will no 
longer experience distress in situations where they 
are convinced that the ratio of what they contribute 
(input) and what they earn (output) is generally 
acceptable. Inputs are each participant’s contribution 
to the relational exchange, which entitles one actor 
to rewards or benefits. Examples of inputs are time, 
effort, resources, ability, commitment and various 
forms of liabilities (see Walster et al., 1978). 

Outputs are positive and negative externalities 
incurred as a consequence of this relational 
exchange when achieving a common goal. 
Examples of outputs are financial gains, recognition 
and the achievement of predetermined goals (see 
Walster et al., 1978). It is assuming that actors seek 
to maximize outputs, and that a failure to do so 
brings distress. As such, when actors encounter 
distress (for instance, when negotiating with the 
others), efforts are conducted to restore equity 
within that relationship. 

The theory of equity is only applicable in a 
social context, as the acceptability of a specific 
situation or of a specific outcome highly depends on 
one’s assessment of how much input the others have 
contributed. Equity is measured by comparing one’s 
ratio of inputs and outputs to that of others. Similar 
ratios manifest equity, whereas actors do not need to 
contribute equal amounts of inputs in absolute 
terms. nor do they need to receive equal rewards 
(see Guerrero et al., 2010). Equity also covers 
individual capacities in contributing inputs. Distress 
occurs when one actor sees another actor with 
similar capacities but lower contributions receiving 
similar or greater outputs from the common project. 
More distress arises when non-contributing free-
riders harvest common benefits. Distress inevitably 
leads to actions. 

The social component of equity delivers the 
identification of equity issues as actors constantly 
compare their actions with those of the others (see 
Adams, 1965; Guerrero et al., 2010). Additional 
efforts are needed to restore equity in global climate 
talks, where differentiated inputs are expected 
among countries - depending on their level of 
economic development (capability) as well as their 
historical responsibility - and where benefits and 
rewards (stabilization of GHG emissions leading to 
the achievement of 2°C) are considered global 
common goods (under conditions of non-exclusivity 
and yet rivalry).  

Actors, when seeking equity in their 
relationships, establish institutions and mechanisms 
that “equitably” apportion rewards and sanctions 
among members (see Walster et al., 1973, 1978) to 
allow alterations of inputs and outputs in order to 
restore “actual equity” (Walster et al., 1973, p. 6). 
Various issues of equity are embedded in the 
UNFCCC (1992) as well as in the Kyoto Protocol to 
ensure that the outcomes of these rigid and tedious 
compromises will remain robust against future 
challenges. The principle of common but 
differentiated responsibility (as highlighted in 
Article 2 of the convention) recognizes that while all 
countries should protect the climate system, 
developed countries should take the lead in 
combating climate change, because they bear the 
greater burden of historical responsibility and 
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possess a superior capacity to respond (see 
Oppenheimer and Petsonk, 2005).  

Nevertheless, the presence of some forms of 
equity was quickly abandoned, particularly by 
developed countries (see Huq and Sokona, 2001; 
Najam et al., 2003; BASIC Experts, 2011) raising 
the question of whether equity can ever be achieved. 
Doubts become imminent around whether inputs 
and outputs of countries are in any way 
commensurable, particularly when the expected 
output is calculated in relational terms (for example, 
when dividing the benefits of stabilizing GHG 
emissions in the atmosphere among all countries). 
For instance, if the United States would accept 
legally binding mitigation targets as its input, can it 
compare this input with that of smaller countries 
with very low emissions (such as the Fijian Islands 
or Mali), especially when the preferences for equity 
between these countries are very different? As the 
vulnerabilities to climate change are different, the 
stakes at the negotiation table and the expected 
liabilities when doing nothing are also different. 
While for some countries, it is a matter of ensuring 
economic competitiveness in a globalized world, for 
others, it is a matter of national survival and the 
continued existence of their citizens.  

Especially when it is not possible to exclude 
other big polluters from harvesting benefits (the 
non-exclusion principle of global common goods), 
and when emission reductions may even encourage 
emission growths among developing countries 
through various forms of leakage effects (Finus, 
2001; IPCC, 2007, p. 53) undermining just 
outcomes, equity is only possible under four 
conditions.  These are: 1) when inputs and outputs 
are comparable, 2) when fair procedures are present 
when establishing mechanisms for compliance and 
verification, 3) when equitable behavior is more 
profitable than inequitable behavior, and 4) when 
there is no free-riding to ensure just (and therefore 
effective) outcomes.   

In addition to looking for insights into how 
inputs and outputs are comparable, the next step for 
the analysis of equity is to find strategies to increase 
negative externalities of free-riding compared to the 
benefits of doing nothing (or “business as usual”), 
while ensuring fair procedures and just outcomes. 
The following section introduces a concept of 
equitable access to sustainable development, 
wherein countries realize that non-compliance (or 
non-equity) is less profitable than compliance. 

Internalizing Externalities in a Power Game – Call 
for Lock-in Climate Standards  

As the secretariat of the UNFCCC and its 
parties prepare for the upcoming COP meetings, 
with the intention of putting in place a post-Kyoto 
emission regime, international experts have been 
asked to come up with ideas around how the newly 

agreed principle of “equitable access to sustainable 
development” (EASD), which would be used by 
parties to guide their climate policies and their 
preferences in the next negotiation rounds, should 
be conceptualized in a way that parties can 
overcome various North-South conflict cleavages 
without undermining the effectiveness of the 
outcome in addressing climate change. This research 
project argues that any principle of equity should 
fulfill the above mentioned conditions: 
commensurability of inputs and outputs, procedural 
justice (fairness), and profitability of participation 
through additional negative externalities for free-
riding. 

The reconciliation of tension between “global 
climate optimum,” and the “national climate 
optimum,” is a huge challenge for the global climate 
talks (see Endres, 2008, pp. 350–352).  The global 
climate optimum refers to a situation where the total 
marginal costs of preventing global temperature 
change from surpassing 2°C correspond to the total 
marginal costs caused by climate damages.  The 
national climate optimum, in contrast, is a situation 
where the marginal costs of national climate 
protection measures match the total marginal costs 
of climate damages in one specific country Due to 
the asymmetrical distribution of vulnerabilities to 
climate change, as well as the proposed 
asymmetrical allocation of emission targets dealing 
with global common goods, formulating global 
decisions within the global climate optimum 
remains a huge challenge.  

As global decisions are made through a national 
lens, the national climate optimum dominates the 
bargaining table, as the paradigm of sovereignty has 
been locked into the negotiation process. Moving 
from the national to the global optimum requires, 
besides the unknown amount of transition costs, an 
increase in the benefits of committing to a global 
climate optimum. As climate is a global common 
good, some national governments are convinced that 
their total marginal costs for climate protection 
measures are higher than the total marginal costs of 
preventing climate damages, not only because they 
may be less vulnerable, but because they have the 
capacity to free-ride. As the expected costs of 
rejecting a contribution for global protection 
measures are often less than complete participation 
in the global emission regime, free-riding behavior 
flourishes. Therefore, a country seeking a global 
climate optimum expects deterioration of welfare as 
well as of economic competitiveness, for example 
through the relocation of high emitting companies to 
countries with more relaxed climate policies (see 
Finus, 2001). In instances such as these, free-riding 
is the most rational behavior. 

There already exist propositions to bridge the 
gap between marginal social costs and marginal 
private costs (see Barthold, 1994; Varian, 1994; 
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Farzin, 1996). Internalizing negative (and positive) 
externalities is seen to prevent this free-riding 
problem by allocating (monetary) values to common 
goods, through which the attractiveness of doing 
nothing diminishes. Examples of internalizing 
externalities include Pigovian tax directed to the 
actors either causing the externalities or positively 
affected by externalities, combined with direct and 
indirect forms of subsidies to actors affected by 
negative externalities, where subsidies are 
shouldered by tax revenues. Internalizing 
externalities primarily aims to increase the marginal 
private costs and to compensate those shouldering 
social costs. Other forms of internalization include 
environmental pricing schemes such as ecotaxes and 
trading pollution permits.  

Nevertheless, internalizing externalities is 
confronted by various challenges. For instance, it is 
not always possible to convert externalities to 
monetary values. When the value of carbon permits 
is too low, participating actors may be discouraged 
from changing their behavior, as the internalizing 
measure may not really increase marginal private 
costs and polluting may promise more dividends. 
Internalizing externalities can only be effective if 
the measures taken would increase marginal private 
costs to a level that surpasses marginal private 
benefits under the ‘business as usual’ scenario, and 
that they are made to shoulder more marginal social 
costs. 

Another challenge refers to the exact attribution 
of costs to those actors causing the externalities. 
Under conditions of complexity, externalities may 
not always be relatable to those actors causing 
externalities. The attribution of externalities 
becomes the subject of fairness, justice and equity 
deliberations when a specific externality is caused 
by a collectivity within a specific (long) time period, 
and that this externality is only materialized after a 
specific number, degree or level has been reached.  

For instance, several experts claim that 
European countries have regularly contributed up to 
80 per cent of the global GHG concentration in the 
last centuries (Müller, 1999; Pachauri and Reisinger, 
2007). However, when global temperature rise 
surpasses 2°C, and the ‘tipping point’ is reached by 
additional emissions from developing countries, the 
damages may be easily attributed to the latter 
emitting countries. Particularly, when past emissions 
are considered as sunk costs, there is tendency to 
over-value present costs and disregard sunk costs in 
the calculation of marginal private costs. This leads 
to an imbalance of attribution. Additionally, in order 
to internalize externalities through legally binding 
measures, a government, legal framework and 
legislation must already exist at a global level in 
order to ensure effectiveness. This is presently not 
the case. 

Because the internalization of externalities has a 
compensatory character, it may be a subject of 
political interest, moving it away from an economic 
to a political paradigm. In contrast to an economic 
paradigm, where decisions are made according to 
costs and benefits, political paradigms foster power 
struggles, which may favor powerful parties. When 
powerful parties are considered as the 
“entrepreneurs of externalities”, an underestimation 
of externalities may occur. Further, when powerful 
parties are considered to be “recipients of 
externalities,” compensatory payments may be 
overestimated. This power game debars the logic of 
internalizing externalities, as the matching of 
marginal private costs with marginal social costs 
will more than likely be distorted.   

Nevertheless, the profitability of free-riding 
may be diminished by using the insights of path 
dependence. According to path dependence, the 
adoption of a specific standard becomes more 
attractive to the participants when alternative 
standards become more expensive, for instance, 
through network effects. When the majority of 
participants adhere to a specific standard, this 
standard becomes “locked-in” and this is then 
reflected in other technologies and future decisions. 
A locked-in standard implies that other (competing) 
standards become more expensive, for instance, 
when opportunity costs arise by not adopting the 
lock-in standard.  

In the climate change context, when the 
majority of countries have adopted climate 
protection standards, other (high-emission) 
standards (e.g. business as usual) will eventually be 
more expensive, particularly when standards related 
to low emission technologies have been asserted in 
subsequent technological development.  For 
instance, when adhering to the climate protection 
standard produces additional and niche markets such 
as the carbon market, or when this standard leads to 
the type of technological development in related 
fields that could not have been reached in a 
‘business as usual’ situation, countries are motivated 
- if not forced - to rethink their paradigms if they are 
to prevent further loss in competitiveness. As 
countries realize that unacceptable opportunity costs 
are arising and that their economic competitiveness 
is undermined by missed opportunities, they will be 
motivated to follow the majority in adopting the 
climate protection standard. New pressure groups 
that benefit and support energy policies and that 
promote climate protection measures may later on 
outweigh those that hinder climate protection 
policies. Groups of this kind represent companies in 
the renewable energy sector, and forward proposals 
such as increasing the share of renewables in a 
country’s energy portfolio. With new environmental 
standards inevitable, governmental agencies and 
business communities may be more readily prepared 
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to commit to further climate friendly investments. 
Free-riding becomes irrelevant, as business as usual 
is translated into diminishing economic 
competitiveness when the lock-in standard is not 
adopted. In this case, compliance becomes optimal 
as non-compliance means unacceptable additional 
costs and additional economic disadvantages. 

A fundamental question then arises: How can 
most of the countries be motivated to adopt climate 
protection standards, particularly when adoption 
causes short-term economic disadvantages as caused 
by various leakage effects? As path dependence 
argues, these short term economic disadvantages 
when adopting new standards are merely transition 
costs, that is, the costs of changing pathways. For 
example, leadership can be tapped in order to 
facilitate this transition when leaders are willing to 
shoulder short-term transition or switching costs. 
This is however only feasible when leading 
countries see long-term benefits under conditions of 
uncertainty. By anticipating long-term benefits, 
including economic advantages as “first movers”, 
major countries may be motivated to initiate 
ambitious policies and investments that only yield 
rewards in the long-term. 

A Principle of “Equitable Access to Sustainable 
Development” (EASD)  

After resolving the question of how a specific 
paradigm or a principle may ensure compliance, the 
next step involves finding an understanding of the 
principle “equitable access to sustainable 
development” that can be locked-in. Resolving 
equity issues is just one face of the “trinity” of the 
principle of “equitable access to sustainable 
development.” Besides equity, the principle deals 
with “access” and “sustainable development” which 
are, similar to equity, loose concepts with diverging 
possibilities of understanding and operationalizing. 
The EASD principle involves various conflict 
cleavages that are identifiable as moving within the 
North-South relations. The various definitions of 
sustainable development as well as many divergent 
interpretations and practical applications (Gibson, 
2005) make public deliberation necessary. 
Comprehensively understanding the EASD principle 
may lead to insights into possible strategies, and to 
designs for a future climate regime by exploring 
opportunities created by synergies between equity, 
procedural fairness (access) and sustainable 
development. 

Relating the EASD principle to the global 
climate talks moves the focus not only to the 
fairness of procedures but to the providing the basis 
for just outcomes. Equitable access builds on the 
distribution of means that enable actors to use 
available resources to achieve a specific goal, that 
may or may not correspond with collective goals. As 
the IPCC Second Assessment Report (SAR) (1995) 

has maintained its focus on equity and sustainable 
development, the report noted that a climate regime 
cannot be equitable in its structure and 
implementation if it does not follow a legitimate 
process that empowers all actors to effectively 
participate as social peers (see Fraser, 2003). The 
capacities of weaker parties should also be enhanced 
through compensatory mechanisms. Access to 
resources is equitable when individual conditions 
that inhibit inclusions are identified and remedied in 
a compensatory manner. 

‘Sustainable development’ is a concept that 
incorporates the understanding that an optimal 
(sustainable growth) policy is a policy that seeks to 
maintain an “acceptable” growth of income without 
depleting the natural environmental stock (Turner, 
1988, p. 12; see Gibson, 2005). It asserts that 
“development that meets the needs of the present 
generation [is possible] without compromising the 
ability of future generations to meet their own 
needs” (WCED, 1987, p. 43). The analysis looks at 
how climate protection measures such as GHG 
emission reduction can produce benefits for 
sustainable development, particularly when tensions 
between sustainability and development arise. It also 
addresses how the link between sustainable 
development and climate protection can become 
self-evident (see Jabareen, 2006). 

The global climate talks have been confronted 
by developmental concerns of parties when climate 
and developmental agendas have been merged 
(UNEP, 1992; see African Development Bank, 
2003; UNDP, 2007; World Bank, 2010). Recent 
calls to decouple emissions from development 
(UNFCCC, 2012) have become prominent as a 
feasible strategy to resolve some North-South 
issues. However, insights are still needed how such 
a decoupling could and should be conducted in a 
very complex and interdependent system. Further, 
the classification of developed countries to the 
Annex list and of the developing countries to the 
Non-Annex list may have institutionalized the 
North-South conflict cleavages in the negotiation 
process. Climate issues, dealing with questions of 
population (human settlement), (urban) lifestyles 
and resource demand and consumption (agricultural 
and industrial production) involve economic and 
social activities that are confronted by limits on 
environmental resources (Ehrlich, 1968; Meadows 
et al., 1972; Jackson, 2008).  Any climate regime 
that would allocate carbon limits would need to 
include stringency provisions that would equitably 
distribute limits among countries. 

 The drafting of the UNFCCC is part of a 
process following calls for putting environmental 
and developmental issues into the political area of 
international policy making. In 1984, the UN 
commissioned an independent body, the so-called 
World Commission on Environment and 
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Development, that published a report entitled “Our 
Common Future” (1987). The deliberation initiated 
by this commission has been used as the basis for 
other conferences, including the UN Conference on 
Environment and Development in Rio de Janeiro in 
1992. This “Earth Summit” has resulted in various 
agreements including the 1992 Rio Declaration on 
Environment and Development, Agenda 21 and 
Forest Principles. Complementing these agreements 
are the three legally binding agreements: The 
UNFCCC (1992), the Convention to Combat 
Desertification (1992) and the Convention on 
Biological Diversity (1992). Subsequent agreements 
including the UN’s Millennium Development Goals 
(2000) and Outcome document – Future We Want 
(2012) reached during the UN Summit “Rio+20” 
held in Rio de Janeiro in 2012 have secured further 
political commitment for sustainable development. 

While there is more likely a consensus among 
countries that poverty is a major cause and effect of 
global environmental problems such as climate 
change, and that sustainable development is a 
central concern of both developed and developing 
countries, national governments still need to define 
allocation mechanisms.  These would allow 
equitable access to resources and capacities - 
including carbon emissions in the case of climate 
change - that enable, maintain and enhance 
sustainable development. National governments are 
furthermore uncertain as to how many emission 
limits are tolerable to guarantee sustainable 
development. Because climate change poses threats 
to the ecosystem upon which economic, social and 
environmental activities of both present and future 
generations rely, the goals of the UNFCCC, that is, 
the stabilization of GHG emission concentration that 
prevents surpassing 2°C, have become closely 
linked to the goals of sustainable development.  This 
has led to the coupling of emissions to sustainable 
development.  

As carbon emissions are linked to 
industrialization and manufacturing, as well as to 
agricultural outputs (see Stern, 2007), setting up a 
carbon budget that aims to stabilize GHG 
concentrations is assumed to have negative effects 
on economic growth, the driving motor of 
sustainable development. Economic growth is then 
translated to four main areas.  These include: 
increases per capita income that drives private 
consumption (Lucas, 1988; Barro, 1997; Pokrovskii, 
2011); modernization processes including 
enhancement of human and social capital that ensure 
social cohesiveness (Bourdieu, 1983; Becker, 1993; 
Haq, 1996; Dasgupta and Serageldin, 2000); 
legitimacy of governance and political structures 
that ensure political stability (Kooiman, 1993; 
Fisher and Green, 2004; Ostrom, 2010); and finally  
technology innovation through investments and 
financing, which promotes the global 

competitiveness of individual countries (Jonas, 
1984; Carraro and Siniscalco, 1994). Economic 
growth is therefore the foundation of human well-
being.   

In this sense, trade-offs between climate 
protection strategies and sustainable development 
goals may lead to grave concerns in distributing 
emission cuts among countries, as emission 
reductions may impose limitations on economic 
growth and development. Equally, reaching the 
goals of sustainable development may generate co-
benefits for climate protection strategies, 
particularly when enhanced economic capacities 
may lead to diminishing vulnerabilities, or to 
increasing adaptability to climate change. A 
principle of EASD should address complex trade-
offs between climate protection strategies and 
sustainable development. 

The following table simplifies the distribution 
of shares and entitlements of GHG emissions. It 
shows the gap between the share of developed and 
developing countries in historical emissions (1850-
2000). The UNFCCC asserts that emissions should 
be calculated from the beginning of the Industrial 
Revolution, something that has been recognized by 
most participating countries. It confirms that 
developed countries account for 878 Gt of 
cumulative global emissions between 1850 and 
2008, with 310 Gt considered as their fair share 
(overuse of 568 Gt) (Khor, 2012). This poses a huge 
challenge for any future emission reduction regime 
when distributing entitlements for future GHG 
emissions (2000-2049). 

The determination of equitable allocation of 
entitlements in the future carbon budget (2000-
2049) between developed and developing countries 
is not only highly dependent on figures and 
calculations in the scientific literature, particularly 
of the IPCC, but is also vulnerable to political 
conditions. For instance, the identification of 2°C 
among possible scenarios (2°C, 3°C, 4°C) is a 
political decision which addresses (still) acceptable 
consequences of climate change with a global 
temperature rise of 2°C. The scientific literature 
notes that there are various probabilities based on 
not exceeding the 2°C threshold of GHG 
concentration. Nevertheless, as political decisions 
are now oriented towards the principle of equitable 
access to sustainable development, categories such 
as historical responsibility, per capita income, and 
national capabilities are needed to determine 
entitlements, carbon budget and how efforts/burdens 
are to be equitably distributed. However, political 
decisions assume that all countries require the same 
amount of emissions to achieve industrialization, 
whereas new technologies tend to produce low 
emissions, particularly when efficiency is coupled 
with less energy consumption.  
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As the table illustrates, entitlements to 
cumulative total CO2 emissions (2000-2049) can be 
equally (in absolute numbers) distributed among 
countries (the “desert” strategy). However, equality 
does not always correspond with equity as equality 
does not always address the individual 
circumstances that inhibit or promote participation 
at the decision making process. Allocation of 
emission rights to countries, as several countries 
demand, should address the relative share of the 
country’s population in the global population in a 
given specific base year. This allocation scheme is 
however rejected by smaller countries with smaller 
populations. Qatar, Kuwait and Bahrain belong to 
the five highest per capita emitters as a result of 
small populations producing high emission 
commodities for export. Similarly, a number of 
small-island states rank relatively high, including 
Trinidad and Tobago, Antigua and Barbuda 
Singapore, Palau and Nauru (Baumert et al., 2005, 
p. 21). Therefore, a formula that focuses on per 
capita emissions will be unjust as it distorts 
environmental integrity. Furthermore, entitlements 
for future emissions as conveyed by the UNFCCC 
will need to include not only current emissions, but 
also historical emissions (Grübler and Fujii, 1991; 
Smith, 1991). Developing countries are also 
expected to have large positive entitlements as a 
result of the negative entitlements of developed 
countries for the period of 2000-2049 (BASIC 
Experts, 2011). Developed countries are then 
expected to have negative emissions (baseline 
1990), which to date remain politically 
unacceptable. 

Negative entitlements for developed countries 
remain a highly contested issue as developed 
countries are not likely to find it equitable that 
current generations are to be “punished” for the 
actions of older generations. In addition, as negative 
entitlements for developed countries would mean 
positive entitlements for developing countries, 
contra-productive leakage effects may take place, 
overturning all gains from climate policies and 
leading to “unjust” outcomes that undermine the 
environmental integrity of the agreement. In 
addition to business companies using high emitting 
technologies, and relocating to (developing) 
countries with more relaxed climate policies (a 
leakage effect of 100%) (see Gerlagh and Kuik, 
2007), developing countries may be motivated to 
increase their use of high emitting fossil fuels (more 
than the initially intended level) due to falling world 
prices following more ambitious climate policies in 
developed countries, thus, further increasing 

emissions from developing countries (see Endres, 
2008). In addition, sinking prices for fossil fuels 
may actually inhibit investment in renewable 
technologies, delaying the development of more 
efficient and less costly renewable energy 
technologies. With such leakage effects, estimated 
by IPCC (IPCC, 2007, p. 53) to range between 5-20 
percent (with Kyoto Protocol in place), the benefits 
of ambitious climate policies may be less than the 
mitigation costs. These are similarly legitimate 
concerns that need to be addressed. 

While developed countries have contributed the 
most emissions in the past, developing countries are 
projected to produce most of future emissions, while 
their per capita emissions are projected to stay 
below the levels of developed countries (IPCC, 
2007). In addition, future emissions vary in how 
they translate to responsibility, as various types of 
emissions - "survival emissions", "developmental 
emissions" and "luxury emissions" (Agarwal and 
Narain, 1991; Shue, 1993; Rao and Baer, 2012) - are 
to have different meanings, leading to more 
integrated and comprehensive political assessments. 
Therefore, the financing of low-emission 
technologies as well as the means to increase energy 
efficiency should become priorities for developing 
countries. The UNFCCC (2007) estimates that at 
least $65 billion is needed in additional mitigation 
investments by 2030 to enable developing countries 
to maintain their entitlement. In addition to the 
question of how this considerable amount for 
investment is to be shouldered (and by whom), 
additional hidden costs such as transition costs in 
choosing a low emission technology path may not 
be bearable for individual developing countries, 
particularly when a significant amount of financial 
resources are already needed to cope with the 
damages brought on by climate change.  

Furthermore, measures are also needed to 
equitably distribute emission rights among 
developing countries, particularly when the five 
BASIC countries are expected to contribute the most 
to the increase of emissions (IPCC, 2007). This 
raises the question of how national conditions are to 
be considered in any allocation mechanism. While 
some countries - such as Australia, Canada and 
China - are highly dependent on certain high 
emission technologies (including coal and shale 
gas), others possess natural resources favoring low 
emission technologies, such as Norway and Russia. 
Thus, national conditions favoring or hindering low 
emission technologies should be subjects of 
allocation calculations. 
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Table 1: Analysis of Shares and Entitlements. 

 
 

Developed Countries (Annex) Developing Countries (Non-Annex)  Total 

Number of countries 
(percentage to total no. of 
countries) 

 
41 countries  

154 countries  
[BASIC: 5 countries (3.2% of all 

developing countries)] 

195 
 

Percentage to total no. of 
countries 

21% 79% 100% 

 
 
 

Actors 
(countries) 

 

Share of population 25% 75% 100% 
Historical Emission (1850-
2000) in accumulated 
numbers1, in GtC 

 
210 

55.44 
[BASIC: 27] 

 
265 

Historical Emission (1850-
2000), contribution in 
percentage to total 
concentration 

 
 

80% 

20%  
[BASIC: 50% of developing 

countries’ historical emissions]  

 
100% 

 

 
 

Issues 
 

 
Cumulative global emission 
per capita (1850-2008)2 

 
878 Gt (72% of total) 

(fair share with 25% of global 
population: 310 Gt) 

 
336 Gton (28% of total) (fair share 
with 75% of global population: 904 

Gt) 

 
1214 Gt 

UNFCCC (legal framework) Parties 
 

Parties 
 

192 parties (191 
countries and 1 
regional 
organization) 

 
Structures 

Industry norms and 
standards on environmental 
protection 

Medium or highly advanced Low or highly advanced 

Negotiation mode (bilateral 
and multilateral) 

No clear preference on negotiation 
mode 

General preference on multilateral negotiation mode. 
Tendency for BASIC to conduct bilateral negotiations 

 
Processes 

Coordination  Regional organizations (e.g. EU), 
coalitions (G8,G20) 

Regional organizations (ASEAN, MERCOSUR), 
coalitions (G77+China; BASIC, AOSIS)  

Achievement of 67% 
probability of limiting 
temperature rise to within 
2°C (2010-2050) 

 
21% entitlement: 157.5 Gt 
25% entitlement: 187.5 Gt 

 
79% entitlement: 790 Gt 

75% entitlement: 562.5 Gt 

 
< 750 Gt 

Achievement of 67% 
probability of limiting 
temperature rise to within 
2°C (2010-2050) 

 
21% entitlement:  126 Gt 
25% entitlement: 150 Gt 

 
79% entitlement: 474 Gt 
75% entitlement: 450 Gt 

 
< 600 Gt 

Cumulative total CO2 
emissions. 2000-2049 (with 
25% probability of 
exceeding the 2°C temp. 
increase limit)3  

 
21% entitlement: 210 Gt 
25% entitlement: 250 Gt 

 
79% entitlement: 790 Gt 
75% entitlement: 750 Gt 

 
1000 Gt 

Cumulative total CO2 
emissions. 2000-2049 (with 
50% probability of 
exceeding the 2°C temp. 
increase limit) 4 

 
21% entitlement: 302.4 Gt 
25 % entitlement: 360 Gt 

 
79% entitlement: 1137.6 Gt 
75% entitlement: 1080 Gt 

 

 
1440 Gt  

 
Outcomes 
(emission 
reduction, 

carbon 
budget) 

AWG-KP’s wording of the 
level of its ambition (August 
2007)5 

 
25% to 40% emission reduction 

below 1990 levels in 2020 

 
“Deviation from baseline” 

 
 

emissions peak 
by 2017 to 2022 
and at least 50% 
emission 
reduction of the 
2000 level by 
2050 

                                                 
1 Starting year 1850, excluding historical LULUCF, data source: CAIT (WRI, 2009, 2012) 
2 Source: (Khor, 2012) 
3 Source: (Meinshausen, 2009) 
4 Source: (Meinshausen, 2009) 
5 Source: (Den Elzen and Höhne, 2008) 
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Conclusions 

That developed countries have consumed four 
times their equitable share for the entire period of 
1850-2049 (see Müller, 2001; BASIC Experts, 
2011) is comprehensible. It is understandable that 
developing countries demand that historical 
responsibilities be embedded in any equitable 
formula when allocating entitlements to future 
emissions, particularly when various emission 
projections suggest that developed countries have 
already exhausted its “equitable” carbon share. 
Exhausted carbon share without anticipated negative 
emissions would mean that developing countries 
would need to shift its peak of emissions to an 
earlier period of time, implying shorter development 
trajectories.  

It is however equally understandable that 
developed countries, although they recognize their 
historical responsibility, are having difficulty 
accepting that sacrifices must be made, particularly 
in a highly competitive global world with several 
developing countries projected to surpass the 
economic development level of current developed 
countries. Present concessions may potentially lead 
to future unfair advantages for some developing 
countries. When decision makers derive the 
legitimacy of their decisions from their national 
constituents, more efforts are needed to “sell” the 
idea that although an individual country can only 
manifest minimal impact (e.g. <0.5%) on a global 
scale, this should not prevent countries from pursue 
global climate protection. Mechanisms are for 
instance needed to reward “first movers” who are 
expected to shoulder higher costs as they find 
themselves at the beginning of the learning curve for 
low emission technologies. 

Historical wrongs are to be corrected, especially 
when these have contributed to structural 
imbalances that favors certain countries while 
undermining the capability of others to genuinely 
participate in the decision making process. The 
Indian government claims that the “over-occupation 
of the global [carbon budget by developed 
countries] is so severe that most developing 
countries will not be able to attain their fair 
entitlement to carbon space.” Nevertheless, 
opportunities may be found behind corrections of 
historical wrongs. For instance, when compensatory 
mechanisms are understood as flexibility 
mechanisms to upgrade one’s own emission profile, 
or when efforts are linked with technological 
learning, developed countries may be motivated to 
do more; however, this would only be feasible when 
free-riding has been excluded as a viable option.  

(Low emission) Technology transfers from 
developed countries to developing countries may 
lead to a situation of lock-in of standards that 
promote climate protection, when non-adoption of 
(low emission) standards becomes unattractive. 
Global climate negotiations should be 
complemented by sectoral level bargaining whilst 
new low emission standards are sought, and the 
resulting transaction and switching costs should be 
shouldered by a global climate fund. The UNFCCC 
and national governments should come up with 
concrete reward mechanisms for first movers (e.g., 
the first 50 countries to implement a specific 
standard).  

A “pure” technical formula for distributing 
emission rights is not possible. The optimal formula 
can only be the negotiated formula, because the 
issues involved deal with values and experiences 
(see Penetrante, 2010). This negotiated formula 
must be complemented by establishing climate 
protection standards (irrespective of the outcomes of 
the current global climate negotiations) that are 
adopted by the majority of countries to make 
alternative, (‘business as usual’), less-
environmentally-friendly standards less profitable. 
A global climate agreement to regulate emissions 
will more likely fail when it does not match existing 
(locked-in) sectoral standards.  Accounting for the 
path dependence of paradigms allows adequate 
preparations for paradigm shifts and transitions, 
while diverging switching or transition costs for 
individual countries are identified and equitably 
distributed among actors. 

Both developed and developing countries would 
learn in a cooperative negotiation process to 
regularly “close one eye” when reaching 
compromises. Because the benefits of cooperation 
would in any way surpass the benefits of free-riding, 
compliance is no longer a matter of goodwill, but of 
rational calculation. Nevertheless, cooperation is 
influenced by various learning processes. 
Cooperation is almost impossible when countries 
have (bad) narratives that further legitimize zero-
sum bargaining positions. New narratives in the 
public discourse are needed to maintain a 
cooperative stance between countries. These should 
be complemented by a “formula-plus” approach, 
whereas national conditions such as population, per-
capita income, and dependency on certain 
technologies manifest the advantages of the formula. 
Particularly when structures and processes are 
generally accepted as fair and when the pursued 
outcome will not lose its environmental integrity in 
the maintainance of its just character, it would be 
easier for countries to focus on common goals, 
participate as peers in the decision making process 
and negotiate mutually acceptable decisions. 

 
 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

31 

 
References 

Adams J.S. (1965). Inequity in Social Exchange. Advances in Experimental Social Psychology 2, 267–299. 

African Development Bank. (2003). Poverty and Climate Change: Reducing the Vulnerability of the Poor through 
Adaptation. African Development Bank. Available at: http://www.unpei.org/PDF/Poverty-and-Climate-Change.pdf. 

Agarwal A., and S. Narain. (1991). Global Warming in an Unequal World: A Case of Environmental Colonialism. 
Center for Science and Environment, New Delhi. 

Albin C. (2001). Justice and Fairness in International Negotiation. Cambridge Univeristy Press, Cambridge. 

Barro R. (1997). Determinants of Economic Growth: A Cross-Country Empirical Study. MIT PRess, Cambridge, 
MA. 

Barthold T. (1994). Issues in the Design of Excise Tax. Journal of Economic Perspectives 8, 133–151. 

BASIC Experts. (2011). Equitable Access to Sustainable Development: Contribution to the Body of Scientific 
Knowledge. A Joint Paper By Experts from BASIC Countries. BASIC Expert Group, Beijing, Brasilia, Cape Town 
and Mumbai. Available at: http://www.erc.uct.ac.za/Basic_Experts_Paper.pdf. 

Baumert K., T. Herzog, and J. Pershing. (2005). Navigating the Numbers. Greenhouse Gas Data and International 
Climate Policy. World Resources Institute, Washington D.C. Available at: 
http://pdf.wri.org/navigating_numbers.pdf. 

Becker G. (1993). Human Capital: A Theoretical and Empirical Analysis, with Special Reference to Education. 
University of Chicago Press, Chicago. 

Beyerlin U. (2006). Bridging the North-South Divide in International Environmental Law. Heidelberg Journal of 
International Law 66, 259–296. 

Bone R. (2003). Agreeing to fair process: The problem with contractarian theories of procedural fairness. Boston 
University Law Review 83, 485–552. 

Bourdieu P. (1983). Ökonomisches Kapital, kulturelles Kapital, soziales Kapital. Soziale Welt. In: Soziale 
Ungleichheiten. R. Kreckel, (ed.), Otto Schartz & Co., Göttingen, pp.183–198, . 

Buchner B., and J. Lehmann. (2005). Equity Principles to Enhance the Effectiveness of Climate Policy: An 
Economic and Legal Perspective. In: Climate Change Policy. M. Bothe, E. Rehbinder, (eds.), Eleven International 
Publishing, Utrecht, pp.45–72, . 

Carraro C., and D. Siniscalco. (1994). Technical Innovation and Environmental Protection. Environmental Policy 
Reconsidered: The Role of Technological Innovation. European Economic Review 38, 545–554. 

CBD. (1992). Text of the Convention on Biological Diversity. Available at: http://www.cbd.int/convention/text/. 

Cedarbaum D.G. (1983). Paradigms. Paradigms. Studies in History and Philosophy of Science 14, 173–213. 

Dasgupta P., and I. Serageldin (Eds.). (2000). Social Capital: A Multifaceted Perspective. World Bank Publications, 
Washington, DC. 

David P. (1988). Path-dependence: Putting the Past into the Future of Economics. Stanford Institute for 
Mathematical Studies in the Social Sciences. 

Ehrlich P. (1968). The Population Bomb. Buccaneer Books, New York. 

Den Elzen M., and N. Höhne. (2008). Reduction of Greenhouse Gas Emissions in Annex I and non-Annex I 
Countries for Meeting Concentration Stabilisation Targets. Climate Change 91, 249–274. 

Endres A. (2008). Ein Unmöglichkeitstheorem für die Klimapolitik? Perspektiven der Wirtschaftspolitik 9, 350–382. 

Farzin Y.H. (1996). Optimal Pricing of Environmental and Natural Resource Use with Stock Externalities. Journal 
of Public Economics 62, 31–57. 

Finus M. (2001). Game Theory and International Environmental Cooperation. Edward Elgar, Cheltenham, UK & 
Northampton, MA, USA. 

Fisher D.R., and J.F. Green. (2004). Understanding Disenfranchisement: Civil Society and Developing Countries’ 
Influence and Participation in Global Governance for Sustainable Development. Global Environmental Politics 4, 
65–84. 

Fisher R., and W. Ury. (1981). Getting to yes: Negotiating agreement without giving in. Houghton Mifflin, Boston. 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

32 

Fraser N. (2003). Rethinking Recognition: Overcoming Displacement and Reification in Cultural Politics”. In: 
Recognition Struggles and Social Movements. Contested Identities, Agency and Power. B. Hobson, (ed.), Cambridge 
Univeristy Press, Cambridge, pp.21–34, . 

Gerlagh R., and O. Kuik. (2007). Carbon Leakage with International Technology Spillovers. 

Gibson R. (2005). Sustainability Assessment. Earthscan, London. 

Grübler A., and Y. Fujii. (1991). Intergenerational and Spatial Equity Issues of Carbon Accounts. Energy for 
Sustainable Development, 1397–1416. 

Guerrero L., P. Andersen, and W. Afifi. (2010). Close Encounters: Communication in Relationships. SAGE 
Publications, Thousand Oaks, CA. 

Handa M. (1986). Peace Paradigm: Transcending Liberal and Marxian Paradigms. OISE University of Toronto, 
Canada, New Delhi. 20-March-1986, . 

Haq M.U. (1996). Reflection on Human Development. Oxford University Press, Delhi. 

Heyward C. (2007). Equity and International Climate Change Negotiations: A Matter of Perspective. Climate Policy 
7, 518–534. 

Hoyningen-Heune P. (2011). Paradigma / Paradigmenwechsel. In: Lexicon der Geisteswissenschaften: Sachbegriff - 
Disziplinen - Personen. H. Reinalter, P. Brenner, (eds.), Böhlau Verlag, Vienna, pp.602–609, . 

Huq S., and Y. Sokona. (2001). Climate Change Negotiations. A View from the South. ENDA. 

IGES. (2011). CDM Reform 2011. Institute for Global Environmental Strategies. Available at: 
http://enviroscope.iges.or.jp/modules/envirolib/upload/3327/attach/cdmreform2011.pdf. 

IPCC. (1995). Climate Change 1995: Economic and Social Dimensions of Climate Change. Contribution of 
Working Group III to the Second Assessment Report of the Intergovernmental Panel on Climate Change (J.. Bruce, 
H. Lee, and E.F. Haites, Eds.). Cambridge University Press, Cambridge. 

IPCC. (2007). Climate Change 2007: Mitigation of Climate Change: Contribution of Working Group III to the 
Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, UK, 851 pp., (ISBN: 9780521880114). 

Jabareen Y. (2006). A New Conceptual Framework for Sustainable Development. Environment, Development and 
Sustainability 10, 179–192. 

Jackson T. (2008). The Challenge of Sustainable Lifestyles. In: State of the World 2008: Ideas and Opportunities 
for Sustainable Economies. Worldwatch Institute, (ed.), Earthscan, London, pp.45–60, . 

Jonas H. (1984). The Imperative of Responsibility: In Search of an Ethics for the Technological Age. University of 
Chicago Press, Chicago and London. 

Kals E., and J. Maes. (2011). Justice and Conflicts. Springer, New York. 

Khor M. (2012). The Equitable Sharing of Atmospheric and Development Space: Summary. UNFCCC, Bonn. 16-
May-2012, .Available at: http://unfccc.int/files/bodies/awg-
lca/application/pdf/20120516_south_centre_paper_1701.pdf. 

Kooiman J. (1993). Modern Governance: New Government-Society Interactions. SAGE Publications, Thousand 
Oaks, CA. 

Kuhn T. (1996). The Structure of Scientific Revolutions. University of Chicago Press, Chicago, IL. 

Lucas R.E. (1988). On the Mechanics of Economic Development. Journal of Monetary Economics 22, 3–42. 

Luce R., and H. Raiffa. (1957). Games and Decisions. Wiley, New York. 

Meadows D.H., D.L. Meadows, J. Randers, and W.W. Behrens III. (1972). The Limits to Growth. Universie Books, 
New York. 

Meinshausen M. (2009). Greenhouse Gas Emission Targets for Limiting Global Warming to 2°C. Nature Letters 
458, 1158–1162. 

Meyer L. (2004). Klimawandel und Gerechtigkeit. In: Klimawandel und globale Armut. Globale Solidarität - 
Schritte zu einer Weltkultur. J. Wallacher, K. Scharpenseel, (eds.), Kohlhammer, Stuttgart, Germany, pp.71–98, . 

Müller B. (1999). Justice in Global Warming Negotiations: How to Achieve a Procedurally Fair Compromise. 
Oxford Institute for Energy Studies, Oxford, UK. 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

33 

Müller B. (2001). Varities of Distributive Justice in Climate Change. Climatic Change 48, 273–288. 

Najam A. (2005). Why Environmental Politics Looks Different from the South. In: Handbook of Environmental 
Politics. P. Dauvergne, (ed.), Edward Elgar Publishing Limited, Cheltenham, UK, pp.111–126, . 

Najam A., S. Huq, and Y. Sokona. (2003). Climate Negotiations Beyond Kyoto: Developing Countries Concerns 
and Interests. Climate Policy 3, 221–231. 

Oppenheimer M., and A. Petsonk. (2005). Article 2 of the UNFCCC: Historical Origins, Recent Interpretations. 
Climatic Change 73, 195–226. 

Ostrom E. (2010). Beyond Markets and States: Polycentric Governance of Complex Economic Systems. American 
Economic Review 100, 641–672. 

Ott H., H. Winkler, B. Brouns, S. Kartha, M.J. Mace, S. Huq, Y. Kameyama, A. Sari, J. Pan, Y. Sokona, P. 
Bhandari, A. Kassenberg, E. Lèbre La Rovere, and A.A. Rahman. (2004). South-North Dialogue on Equity in the 
Greenhouse: A Proposal for an Adequate and Equitable Global Climate Agreement. Gesellschaft für Technische 
Zusammenarbeit (GTZ) and Wuppertall Institute for Climate, Environment and Energy, Bonn & Wuppertal. 

Pachauri R.K., and A. Reisinger. (2007). Climate Change 2007: Synthesis Report. Contribution of Working Groups 
I, II, and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Intergovernmental 
Panel on Climate Change, Geneva. Available at: http://www.ipcc.ch/publications_and_data/ar4/syr/en/main.html. 

Penetrante A.M. (2010). Politics of Equity and Justice in Climate Change Negotiations in North–South Relations. 
Series on Human and Environmental Security and Peace. In: Coping with Global Environmental Change, Disasters 
and Security – Threats, Challenges, Vulnerabilities and Risks. H.G. Brauch, U. Spring, C. Mesjasz, J. Grin, P. 
Kameri-Mbote, B. Chourou, P. Dunay, J. Birkmann, (eds.), Hexagon Springer-Verlag, Berlin, Heidelberg & New 
York, pp.1355–1366, . 

Penetrante A.M. (2012). Simulating climate change negotiations: Lessons from modeled experience. Negotiation 
Journal 27, 279–314. 

Penetrante A.M. (2013). Common but Differentiated Responsibilities. The North-South Divide in the Climate 
Change Negotiations. In: Climate Change Negotiations. A Guide to Resolving Disputes and Facilitating Multilateral 
Cooperation. G. Sjöstedt, A.M. Penetrante, (eds.), Routledge, London, pp.249–276, . 

Pokrovskii V. (2011). Econodynamics. The Theory of Social Production. Springer, Berlin. 

Posner E., and C. Sunstein. (2010). Justice and Climate Change: The Persuasive Case for Per Capita Allocation of 
Emission Rights. In: Post-Kyoto International Climate Policy: Implementing Architectures for Agreement. J. Aldy, 
R. Stavins, (eds.), Cambridge University Press, Cambridge, MA, pp.343–371, . 

Posner E., and D. Weisbach. (2010). Climate Change Justice. Princeton University Press, Princeton. 

Raiffa H. (1982). The Art and Science of Negotiation. Harvard University Press, Cambridge, MA. 

Rao N., and P. Baer. (2012). “Decent Living” Emissions: A Conceptual Framework. Sustainability 4, 656–681. 

Rawls J. (1971). A Theory of Justice. Harvard University Press, Cambridge, MA. 

Richardson K., W. Steffen, and D. Liverman (Eds.). (2011). Global Risks: Challenges and Decisions. Cambridge 
University Press, Cambridge. 

Schelling T. (1960). The Strategy of Conflict. Harvard University Press, Cambridge, MA. 

Schelling T. (1995). Intergenerational Discounting. Energy policy 23, 395–401. 

Shue H. (1993). Subsistence Emissions and Luxury Emissions. Law and Policy 15, 39–60. 

Silayan A. (2005). Equitable Distribution of CDM Projects among Developing Countries. Institute of International 
Economics, Hamburg. Available at: http://cosmic.rrz.uni-hamburg.de/webcat/hwwa/edok05/f10012g/Report255.pdf. 

Smith K.R. (1991). Allocating Responsibility for Global Warming: The Natural Debt Index. Ambio 20, 95–96. 

Stern N. (2007). The Economics of Climate Change: The Stern Review. Cambridge University Press, Cambridge, 
UK. 

Turner R.K. (1988). Sustainable Environmental Management. Belhaven, London. 

UN. (2000). Millennium Development Goals (MDGs). Available at: http://www.un.org/millenniumgoals/. 

UN. (2012). The Future We Want. Available at: http://sustainabledevelopment.un.org/futurewewant.html. 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

34 

UN Milliennium Project. (2013). The 0.7 Target: An In-Depth Look. UN Secretary General and UN Development 
Group, New York. Available at: http://www.unmillenniumproject.org/press/07.htm. 

UNCCD. (1992). United Nations Convention to Combat Desertification. Available at: 
http://www.unccd.int/en/Pages/default.aspx. 

UNDP. (2007). Human Development Report 2007/8: Fighting Climate Change: Human Solidarity in a Divided 
World. UNDP, New York. 

UNEP. (1992). Rio Declaration on Environment and Development. The United Nations Conference on Environment 
and Development. The United Nations Environment Program, Rio de Janeiro. Available at: 
http://www.unep.org/documents.multilingual/default.asp?documentid=78&articleid=1163. 

UNFCCC. (1992). United Nations Framework Convention on Climate Change. United Nations, New York. 

UNFCCC. (2007). Investment and Financial Flows to Address Climate Change. UNFCCC, Bonn. Available at: 
http://unfccc.int/files/cooperation_and_support/financial_mechanism/application/pdf/background_paper.pdf. 

UNFCCC. (2012). Report on the Workshop on Equitable Access to Sustainable Development. Revised Report by 
the Chair. Available at: 
http://unfccc.int/essential_background/library/items/3599.php?such=j&symbol=FCCC/AWGLCA/2012/INF.3/Rev.
1#beg. 

Vanderheiden S. (2008). Atmospheric Justice: A Political Theory of Climate Change. Oxford University Press, 
Oxford and New York. 

Varian H. (1994). A Solution to the Problem of Externalities When Agents Are Well Informed. The American 
Economic Review 84, 1278–1293. 

Walster E., E. Berscheid, and G.W. Walster. (1973). New Directions in Equity Research. Journal of Personality and 
Social Psychology 25, 151–176. 

Walster E., G. Walster, and E. Bershcheid. (1978). Equity: Theory and Research. Allyn and Bacon, Boston. 

WCED. (1987). Our Common Future. World Commission on Environment and Development. Oxford University 
Press, Oxford. 

World Bank. (2010). World Development Report: Development and Climate Change. World Bank, Washington, 
D.C. 

WRI. (2009). Climate Analysis Indicators Tool (CAIT). Washington, D.C. 

WRI. (2012). Climate Analysis Indicators Tool (CAIT). World Resources Institute. Available at: http://cait.wri.org. 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

35 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

36 

The capture of CO2 from flue gas using adsorption combined with 
membrane separation 

Prof. Krzysztof WARMUZINSKI 1 

Dr. Marek TANCZYK 

Dr. Manfred JASCHIK 

Aleksandra JANUSZ-CYGAN, M.Sc. 

Artur WOJDYLA, M.Sc. 

1 Contact details of the corresponding author 

Tel: +48 32 234 6915 
Fax: +48 32 231 0318 

e-mail: kwarmuz@iich.gliwice.pl 

Address: Polish Academy of Sciences, Institute of Chemical Engineering. ul. Baltycka 5, 
44-100 Gliwice, Poland 

Abstract 

The removal of carbon dioxide from flue gas streams can be carried out using standard separation techniques, such 
as adsorption and membrane separation. The process presented in this paper is based on a combination of the two. 
Stage one includes a four-column PSA (pressure swing adsorption) unit, whereas stage two is a membrane module. 
In this paper simulation results are presented concerning the removal of CO2 from ternary CO2/N2/O2 mixtures in the 
hybrid process. The simulations reveal an important effect of two operating parameters – the flow rates of 
regeneration and purge streams – on the recovery of CO2 and its concentration in the enriched gas. It is found that, 
in the hybrid process studied, it is possible to increase CO2 content from 13 vol.% to over 97 vol.%, with an almost 
complete recovery. This concentration is sufficient from the standpoint of CO2 transport and storage. For the various 
flow rates of the purge gas, the calculations made it possible to evaluate the limiting flow rates of the regenerating 
stream which lead to the maximum CO2 concentrations in the product, with no breakthrough of this gas in the PSA 
unit. 
 
Keywords:  flue gas, CO2 abatement, hybrid process, pressure swing adsorption, membrane separation 
 
Introduction 

The EU Directive 2009/31/WE concerning 
geological storage of carbon dioxide (the so-called 
CCS Directive) provided a strong incentive for the 
development and implementation of technologies 
for capturing CO2 from various flue gas streams, 
especially those generated by the power industry. 
The separation of CO2 from gaseous mixtures can 
be realized using well-known techniques, such as 
adsorption and membrane permeation (Metz et al., 
2005). However, due to the low CO2 concentrations 
in the flue gas (usually well below 20 vol.%), a 
reasonably high purity and recovery of this gas 
(above 90 vol.%) can only be obtained using staged 
adsorptive or membrane separations (Tanczyk et al., 
2010, Zhao et al., 2008, Chou and Chen, 2004, Na et 
al., 2001). In two-stage systems, the high recovery is 
achieved by minimizing CO2 concentration in the 
purified stream leaving the first stage and recycling 
the CO2 remaining after the second stage to the inlet 
of stage one. 

 

The hybrid process is a natural extension of 
two-stage adsorptive or membrane separations 
which, while combining the advantages of the two, 
mitigates the negative characteristics of these 
processes, namely, high energy consumption in the 
case of pressure swing adsorption (PSA) and 
considerable capital cost of membrane systems. 

In an earlier paper (Tanczyk et al., 2012) a 
hybrid process was presented in which the first stage 
includes a four-column PSA installation and the 
second stage is a membrane unit. The principles of 
this process have been based on both experimental 
and theoretical studies concerning adsorptive and 
membrane separations of CO2/N2 mixtures, and the 
demonstration installation built in our laboratory 
draws upon this earlier experience. 

The present study summarizes extensive 
simulations focused on the separation of CO2 from 
the mixtures containing N2 and O2 in the hybrid 
installation. 
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Fig. 1. Hybrid installation for the CO2 capture from flue gases (A1-A4 – adsorbers, AT – gas composition, MB – membrane 
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The objective of the simulations was to determine 
the principal parameters of the product streams (i.e. 
the purified gas stream and the CO2-rich stream), 
especially from the standpoint of purity 
requirements associated with the transport and 
storage of CO2. Also, the simulations revealed the 
effect of the two crucial parameters the process – 
gas flow rates in the regeneration and purge steps – 
on the recovery of CO2 and its concentration in the 
enriched stream. 

Hybrid installation  

The hybrid installation is shown schematically 
in Fig. 1. The dry feed gas (a mixture containing 
nitrogen, oxygen and 13.3 vol.% of CO2) is 
introduced into the PSA section at a pressure of 1.1 
bar and with a flow rate of 7.5 m3 (STP)/h. The PSA 
section yields two gas streams. The stream enriched 
in CO2 is collected at the bottom of adsorbers (A1, 
A2, A3 and A4) via a vacuum pump (P3) and stored 
in a tank (ZB2). A fraction of the enriched gas is 
recycled to the PSA section during the cocurrent 
purge steps; the remainder is compressed and 
directed into a buffer tank (ZB4) through which the 
gas is supplied to a membrane module (MB). The 
other stream that leaves the PSA section is the 
purified gas, i.e., a mixture of nitrogen and oxygen 
collected from the top of the four adsorbers during 
cocurrent feed, depressurization from 1.1 bar to 1 
bar and purge with the CO2-enriched stream. A part 
of the purified gas stored in ZB3 is fed into the 
columns in which the countercurrent steps are 
realized (i.e. regeneration under a reduced pressure 

of around 0.1 bar and pressurization from 0.1 to 1.1 
bar). The enriched gas supplied to the membrane 
section is split into two streams: the permeate (the 
principal product of the process), recovered at the 
atmospheric pressure and containing roughly over 
90 vol.% of CO2, and the retentate, collected at an 
elevated pressure of 2.5 bar (this stream contains 20 
– 60 vol.% of CO2 and, upon depressurization, is 
recycled to the inlet of a blower (P1)). 

 The adsorbers have a diameter of 200 mm and 
are packed with a zeolite molecular sieve; the height 
of the packing is 1.5 m. The separation properties of 
this adsorbent (ZMS 13X Grace) were measured in 
our laboratory. The equilibrium data were correlated 
using the multisite Langmuir equation 
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with the numerical values of the relevant parameters 
shown in Table 1. The values of the mass transfer 
coefficients, also determined independently in our 
laboratory, are 1.22�10-2 s-1 for CO2, 7.01�10-2 s-1 for 
N2 and 7.59�10-2 s-1 for O2. 

 The PSA cycle studied includes the steps of 
feed with the flue gas, cocurrent depressurization, 
purge with the CO2-enriched stream, countercurrent 
depressurization, vacuum regeneration with the 
purified gas and pressurization with the purified gas. 
The details of the cycle have been presented 
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elsewhere (Warmuzinski et al., 2011), together with 
the separation properties of the membrane module. 
In the simulations the effect was analyzed of the gas 
flow rate during purge and vacuum regeneration on 
the purity and recovery of the CO2 stream generated 
by the hybrid process. 

Table 1. Parameters of the multisite Langmuir isotherm 
for CO2, N2 and O2 for ZMS 13X (Grace) 

qs b0 A n Gaz 
mol/kg Pa-1 K - 

CO2 8.20 3.56�10-11 4415.7 4.686 
N2 5.45 5.77�10-10 1909.5 1.952 
O2 5.21 1.47�10-9 1528.6 0.821 

Model and numerical simulator 

The core of the mathematical formulation 
describing the hybrid separation of CO2 from flue 
gas streams is formed by the models of pressure 
swing adsorption and membrane gas permeation 
developed in this laboratory. The PSA model, 
verified based on experimental data from a two-
column PSA installation, was presented in (Tanczyk 
et al., 2010), whereas the models of membrane 
permeation for the various flow patterns within the 
module were discussed in (Warmuzinski et al., 
2008). The comprehensive model for a hybrid 
process was embedded in the gPROMS software 
package. This made it possible to carry out the 
simulations based on reliable and stable numerical 
methods and, simultaneously, to preserve the 
necessary degree of flexibility in defining the 
complex network of interconnecting components for 
the whole system. 

Numerical simulations of the hybrid process 

The effect of the gas flow rate during vacuum 
regeneration upon the recovery of CO2 and its 
concentration in the CO2-rich stream is shown in 
Fig. 2 for the various flow rates in the purge step. 
For each of these flow rates (6.4, 6.8 and 7.2 m3 
(STP)/h) the concentration of CO2 first increases 
with an increase in the flow rate during regeneration 
and then, upon attaining a maximum, begins to drop. 
The recovery of carbon dioxide also rises with an 
increase in the flow rate during vacuum 
regeneration, to reach finally the maximum value 
possible, that is 100%. It should be noted that the 
total recovery means the absence of CO2 in the 
purified gas stream. In other words, all of the carbon 
dioxide introduced with the feed gas leaves the 
installation with the CO2-rich stream. 

The maximum CO2 concentration occurs for 
extreme operating conditions, namely, for the lowest 
possible flow rate during regeneration for which 
there is still no CO2 breakthrough into the purified 
gas (i.e. for the flow rate that guarantees the 
complete CO2 recovery). At higher flow rates of the 
regenerating stream more purified gas is recycled to 
the system, thus lowering CO2 content at the inlet to 

the membrane module. This tendency is clearly seen 
in Fig. 3, which illustrates the relationship between 
CO2 concentrations and gas flow rates on the feed 
and permeate sides of the membrane module. 
Conversely, for the flow rates of the regenerating 
gas below the limitizing value, the flow rate at the 
inlet to the module is too low relative to the 
membrane area. Consequently, a comparatively 
large amount of nitrogen passes through the 
membrane despite its concentration, being lower 
than the concentration for the limiting case. As 
shown in Fig. 3, in this case the permeate flow rate 
is around 80% of that at the inlet to the module. The 
limiting flow rates of the regenerating stream are 
0.7, 0.9 and 1.1 m3 (STP)/h for the flow rates of the 
purge gas equal to, respectively, 6.4, 6.8 and 7.2 m3 
(STP)/h. 
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Fig. 2.  Carbon dioxide recovery and its concentration 
in the enriched gas at the outlet of the hybrid installation 
for the following gas flow rates in the purge step of the 
PSA cycle: 6.4 (�  � ); 6.8 (�  � ) and 7.2 (�  � ) 
m3(STP)/h 

 

80

85

90

95

100

0.6 0.8 1.0 1.2 1.4

Gas flow rate during regeneration, m 3(STP)/h

C
on

ce
nt

ra
tio

n 
of

 C
O

2,
 v

ol
. 

%

0.0

0.5

1.0

1.5

2.0

2.5

F
lo

w
 r

at
e,

 m
3 (S

T
P

)/
h

 
Fig. 3.  CO2 concentration and gas flow rate at the inlet 
to the membrane module (�  � ) and its outlet at the 
permeate side (�  � ) for purge gas flow rate of 6.8 
m3(STP)/h 
 
In all the cases shown in Fig. 2 the content of carbon 
dioxide in the CO2-rich stream exceeds 97 vol.%, 
which is a value high enough for transportation and 
storage. It may also be noted that the variation of 
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this content is relatively small (97.1 – 97.7 vol.%). 
This ensures a sufficient level of flexibility in the 
selection of the two crucial parameters of the 
process – the flow rates during regeneration and 
purge with, respectively, the purified gas and the 
CO2-rich stream. Another favourable characteristic 
of the process proposed is due to the fact that higher 
CO2 concentrations in the enriched stream are 
obtained for lower flow rates during the purge step. 
Therefore, the contamination of the purified gas 
with CO2 can be avoided for lower flow rates of the 
regenerating gas. This translates into lower pumping 
costs in the PSA unit and a reduced compression 
cost at the inlet to the membrane section. 

Conclusions 

 The process for the separation of CO2 from flue 
gas streams, developed in our laboratory, is based 
on the combination of pressure swing adsorption 
and membrane permeation. Extensive modelling and 
simulation studies form the basis for the design and 
operation of a demonstration hybrid installation. The 
principal objective of the present study is to show 
the effect of two critical parameters of the process – 
the flow rates of the gas streams during regeneration 
and purge – on the recovery of carbon dioxide and 
its content in the enriched product. It is found that, 
in the process analyzed, it is possible to raise CO2 
concentration from 13.3 vol.% (i.e. from the value 
prevailing in the flue gas) to over 97 vol.%, at a 
virtually total recovery. The CO2 concentrations 

obtained are sufficient from the standpoint of CO2 
transportation and storage. For three different flow 
rates during purge with the enriched stream (6.4, 6.8 
and 7.2 m3 (STP)/h) the limiting values were 
determined for the regenerating streams (0.7, 0.9 
and 1.1 m3 (STP)/h, respectively). These values lead 
to the maximum CO2 concentrations in the enriched 
product without any CO2 breakthrough into the 
purified stream (a mixture of N2 and O2). At present, 
these conclusions are being validated in the 
demonstration hybrid plant. 

Nomenclature 

A - coefficient of the multisite Langmuir  
isotherm, K 

b, b0 - coefficients of the multisite Langmuir 
isotherm, 1/Pa 

i -   CO2, N2 or O2 

n - coefficient of the multisite Langmuir 
isotherm 

p - pressure, bar 

q*  adsorbed phase concentration in the 
pellet at equilibrium, mol/kg 

qs - equilibrium adsorbed phase 
concentration at p �  � , mol/kg 

y - mole fraction in the gas phase 
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Abstract 

This paper examines the effect of government spending on the environment using a panel of countries for the time 
period 1980-2000. In particular, we consider a representative sample of 77 countries including those from the 
regions of Europe, the Black Sea and Asia. In this regard, the direct and indirect effects of government spending 
on pollution are estimated. The indirect effect operates through the impact of government spending on income and 
the subsequent effect of the income level on pollution. The dynamic nature and the potential endogeneity in the 
relationships examined is taken into account by the use of appropriate econometric methods. We are mainly 
interested in the effect on CO2 but we also explicitly estimate the respective effects on SO2 for reasons of 
comparability and to examine potential differences of the effect between consumption and production generated 
pollution. For example, SO2 emissions can be decreased by reducing fossil fuel consumption, by using smoke-
scrubbing equipment in power plants and by increasing energy efficiency. However, in consumption related 
pollutants the use and influence of environmental policies is more difficult, since the main tool to reduce these is 
the implementation of environmental taxes, which are often avoided as they are not politically popular. Policy 
implications from the results are expected to vary depending on the income level of the considered countries. 

Keywords: Government expenditure; environment; direct effects; indirect effects. 
 
1. Introduction 

Government expenditure has recently expanded 
in many countries to alleviate the adverse effects of 
the 2008-2009 economic crises. A large fraction of 
GDP is spent by governments affecting a variety of 
economic variables and prosperity in particular. 
However, despite the important influence that public 
spending may have on the environment, this 
relationship has not been studied extensively in the 
literature.  

The effect of government spending on the 
environment may be distinguished between direct 
and indirect effects. On the one hand, higher 
government expenditure is more likely to include 
redistributive transfers, which result to increased 
income equality and thus to higher demand for 
environmental quality. Moreover, if the environment 
is a luxury public good, it is likely that it will only 
be demanded when the demand for other public 
goods has been satisfied, i.e. at large levels of 
government size (Frederik and Lundstrom, 2001). 
On the other hand, government size has been found 
to reduce prosperity (Bajo-Rubio, 2000; Folster and 
Henrekson, 2001; Bergh and Karlsson, 2010; Ghali, 
1998) which may in turn lead to lower pollution at 

some levels and to higher pollution at others, 
depending on the shape of the Environmental 
Kuznets Curve (EKC), as shown by Grossman and 
Krueger (1995). Therefore, the total effect of 
government expenditure on the environment cannot 
be determined a priori.  

Our purpose is to investigate first how 
government expenditure affects pollution at given 
income levels and other control variables (direct 
effect); and then to examine the effect of 
government expenditure on the environment through 
the government expenditure impact on income 
(indirect effect) and to add the indirect effect to the 
direct effect to obtain the total effect. 

The majority of the studies examining the 
government size–growth relationship find a negative 
impact of the former on the latter (Barro, 1991; 
Bajo-Rubio, 2000; Afonso and Furceri, 2008; 
Folster and Henrekson, 2001; Bergh and Karlsson, 
2010; Afonso and Jalles, 2011), while others like in 
Ghali, 1998 report a positive effect. The estimated 
sign of the direct effect of government size on 
pollution is ambiguous in the empirical literature. 
Frederik and Lundstrom (2001) investigate the effect 
of political and economic freedom on the level of 
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CO2 emissions and find that the effect of 
government size on levels of pollution differs 
according to the initial government size. They 
suggest that increased economic freedom, in terms 
of lower government size, decreases CO2 emissions 
when the size of government is small but increases 
emissions when the size is large.  

According to Bernauer and Koubi (2006) an 
increase in the government spending share of GDP 
is associated with more air pollution and this 
relationship is not affected by the quality of the 
government. However, they do not consider 
quadratic or cubic terms of income in their analysis 
and they ascribe their finding to the ambiguous 
hypothesis that higher income leads to both bigger 
government and better air quality. Recently, Lopez 
et al. (2011) provide a theoretical basis for 
determining the effect of government expenditure on 
pollution. Specifically, they stress the importance 
and estimate empirically the effect of fiscal spending 
composition on the environment. They argue that a 
reallocation of government spending composition 
towards social and public goods reduces pollution. 
Moreover, they find that increasing total government 
size, without changing its orientation, has a non-
positive impact on environmental quality.  

To the best of our knowledge the present paper 
is the first that distinguishes between the direct and 
indirect effect of fiscal spending on the environment. 
For that reason, a two-equation model was jointly 
estimated, employing a sample of 77 countries 
covering the period 1980-2000 for two air pollutants 
(sulfur dioxide, SO2 and carbon dioxide, CO2). In 
estimating the proposed model we take into account 
the dynamic nature of the relationships examined, by 
employing appropriate econometric methods for the 
estimation of dynamic panels for the first time in 
this area of research. Furthermore, appropriate 
GMM estimation methods are used to mitigate 
potential reverse causality biases of the explanatory 
variables.  

The remainder of the paper is organized as 
follows: Section 2 presents the data used in the 
analysis and section 3 discusses the proposed 
econometric models. The empirical results are 
reported in section 4 while the final section 
concludes the paper.  

2. Data 
Our sample consists of 77 countries6 with a full 

set of SO2, CO2, share of government expenditure, 

                                                 
6Albania, Algeria, Argentina, Australia, Austria, Belgium, Bolivia, Brazil, 
Bulgaria, Canada, Cape Verde, Chile, China, Colombia, Cuba, Denmark, 
Djibouti, Dominican Rep, Equador, Egypt, El Salvador, Finland, France, 
Germany, Ghana, Greece, Guatemala, Honduras, Hong Kong, Hungary, 
India, Indonesia, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kenya, 
Lebanon, Liberia, Mauritius, Mexico, Morocco, Mozambique, Nepal, 
Netherlands, New Zealand, Nicaragua, Nigeria, Norway, Panama, 
Paraguay, Peru, Philippines, Poland, Portugal, Romania, Sierra Leone, 
South Africa, South Korea, Spain, Sri Lanka, Sudan, Sweden, 
Switzerland, Syria, Thailand, Togo, Trinidad, Tunisia, Turkey, Uganda, 
United Kingdom, United States, Uruguay, Venezuela 

GDP/c and other explanatory variables information 
for the period 1980-2000. The analysis takes place 
up to the year 2000 because of limited availability of 
data on SO2 after this period. Consequently, for 
reasons of comparability we also perform the 
analysis of CO2 for the same time period. The 
database consists of 1,617 observations per variable. 

An important distinction between the two 
pollutants that has to do with their atmospheric life 
characteristics is their geographical range of effect 
(Cole, 2007). Considering that two-thirds of SO2 

moves away from the atmosphere within 10 days 
after its emission, its impact is mainly local or 
regional and thus, historically, sulfur dioxide has 
been subject to regulation. In contrast, CO2 has not 
been regulated by governments, since its 
atmospheric life varies from 50 to 200 years and 
hence its impact is global.  

The sources of pollution vary by pollutant. The 
main sources of SO2 emissions are electricity 
generation and industrial processes. On the other 
hand, apart from energy transformation and industry, 
an important source of CO2 emissions is transport. 
Apparently SO2 pollution is characterized as 
production-generated, while CO2 emissions are a 
mix between production and consumption–generated 
pollution. This distinction is important since the 
mechanism by which government expenditure size 
affects consumption pollution is likely to differ 
compared to production pollution. SO2 emissions 
can be decreased by reducing consumption of fossil 
fuels (especially high-sulfur content coal), by using 
smoke-scrubbing equipment in power plants and by 
increasing energy efficiency. However, in 
consumption related pollutants the use and influence 
of environmental policies is more difficult, since the 
main tool to reduce these is the implementation of 
environmental taxes, which are often avoided as 
they are not politically popular.  

 
3. Methodology 

The proposed model consists of two equations 
jointly estimated, one being a conventional cubic 
formulation of the EKC augmented by the share of 
government expenditure over income and the second 
expressing income as a function of government 
expenditure and other factors. Specifically,  

1 2

2 3
3 4 5

ln( / ) ln ln( / )

(ln( / )) (ln( / )) (1)
it i t it it

it it it it

P c Govshare GDP c

GDP c GDP c X


 � �
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 � � �
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1 2ln( / ) ln ln (2)i t it it itGDP c Govshare a Z u� � �	 � � � �

                                   
where subscripts i and t represent country and time 
respectively and all variables are expressed in 
natural logarithms, unless otherwise stated.  

The income variable and its powers in (1) 
control for scale effects. To control for income 
effect we use the household final consumption 
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expenditure, while total private investment is used as 
a proxy for capital stock. Institutional factors 
reflecting pollution regulation are taken into account 
by using a measure of democracy level, however 
this proxy is imperfect and we expect that the 
government variable also captures some of the 
unobserved environmental regulation. We also use 
the share of trade over GDP to examine whether 
involvement in international trade affects pollutants 
and population density, which captures part of the 

scale effect. Finally, i
   is a country effect which 

can be fixed or random, t
  is a time effect common 

to all countries and it�  is a disturbance term with 

the usual desirable properties. Thus, following the 
terminology used to classify the pollution effects in 
the trade literature, the coefficient in the government 
expenditure variable mainly captures the 
composition effect and part of the technique effect.  

Equation (2) is an augmented Solow model 
widely used in the growth literature (Mankiw et al., 
1992; Barro, 1998). In particular, it is a production 
function based formulation and expresses income as 
a function of the share of government expenditure in 
GDP and other explanatory factors like investment 
and education as proxies for capital and human 
stock, population growth, inflation rate to consider 
the impact of the macroeconomic environment and a 
measure of openness to international trade. Finally, 

i�  and t�  represent country and time effects 

respectively while itu  is an error term. 

3.1 Econometric issues and estimation 

In estimating equations (1) and (2) we must take 
into account the unobserved heterogeneity across 
countries. Using the Hausman test the Random 
Effects model (RE) was rejected in favor of the 
Fixed Effects model (FE), for both equations (1) and 
(2). Since the balanced panel data used in this paper 
consists of large N and T dimensions, non-
stationarity is important. We are particularly 
concerned about the dynamic misspecification of the 
pollutants equations as pointed-out by Halkos 
(2003). To take into account potential non-
stationarity in the dynamic panel we employ the 
dynamic fixed effects (DFE) estimator developed by 
Pesaran and Smith (1995) and Pesaran et al. (1997, 
2004).  

Another econometric concern in estimating 
equations (1) and (2) is the bias occurring from the 
potential endogeneity between government spending 
with pollution and income respectively. Government 
spending often increases with pollution because 
governments implement ecological taxes. Moreover, 
the exact relationship between government spending 
and income is an active research area but there is 
empirical and anecdotal evidence (e.g. Lane, 2003) 

that governments often alter the amount and 
composition of fiscal spending to deal with the 
effects of business cycles.  

To address this reverse causality problem we 
use the Arellano-Bond (1998) Generalized Method 
of Moments (GMM). GMM accounts for the inertia 
that is likely to exist in the determination of the 
dependent variables and mitigates potential reverse 
causality biases of the explanatory variables by 
using predetermined and exogenous variables as 
instruments in a systematic way. For both equations 
we assume that lagged dependent variables, as well 
as government expenditure and income are 
endogenous and treat all other explanatory variables 
as strictly exogenous.  

Moreover, we use an additional exogenous 
instrumental variable for equation (1), namely the 
lagged weighted average of government expenditure 
in other countries, weighting by the inverse of the 
distance between the two countries. Since we use 
emissions rather than concentrations of pollutants, 
the lagged weighted average government spending 
in other countries is not expected to affect directly 
emission levels in a given country, but only through 
its effect on that county’s government expenditure 
and income.  

For both equations we test the validity of 
instruments with the Hansen test, which failed to 
reject the null that the instrumental variables are 
uncorrelated with the residuals. We also report the 
Difference Hansen test for the exogenous IV subset 
which does not reject the null that the subset is valid. 

3.2 Capturing the effects of government expenditure 
on pollution 

Given the direct and indirect effects, the total 
effect of government spending on pollution can be 
expressed as:  

( / ) ( / ) ( / ) ( / )
( / )

d P c P c P c GDP c
dGovshare Govshare GDP c Govshare


 
 

	 �


 
 

   (5)             

where the first expression is the direct effect and the 
latter is the indirect effect via government 
expenditure impact on prosperity. It should be noted 
that while the direct effect remains constant 
throughout the whole income range, the indirect and 
hence the total effect depend on the level of per 
capita income, because of the inclusion of quadratic 
and cubic income terms in (1).   
 
4. Results 

Table 1 presents the coefficient estimates of per 
capita income, by applying different estimation 
methods. To account for autocorrelation and 
heteroskedasticity, all standard errors reported are 
robust and in particular for FE estimation we report 
the Huber-White-Sandwich estimates of the 
variance-covariance matrix. The estimated effect of 
the government expenditure share on GDP is 
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negative and statistically significant, at the 1% level, 
regardless of the method used.  

In the fourth column, applying the Arellano-
Bond two-step GMM estimator, dynamics are still 
taken into account but government share is now 
treated as endogenous. We use first-differences and 
orthogonal-deviations GMM to control for fixed 
country effects. The significance of the lagged 
dependent variable (p-value=0.000) suggests that 
dynamic specifications should be preferred.  

We report long-run estimates and robust 
standard errors are obtained by using the 
Windmeijer’s finite-sample correction for the two-
step covariance matrix. The estimated impact of 
government expenditure on GDP is even greater in 
that case, suggesting that an increase of 1% in the 
share of government spending of GDP, ceteris 
paribus, reduces per capita income by 1.809%.  

The signs and significance of the coefficients 
associated with the other control variables are all 
plausible and consistent with the literature, apart 
from the human capital proxy which although has 
the expected sign, is significant only in the OLS 
estimates. The impact of capital stock, represented 
by the share of investment in GDP, is positive and 
significant across all estimation methods. Population 
growth has a consistent negative and significant 
effect, while the trade-openness coefficient is also 
significant with an expected positive sign. 

The Arellano-Bond estimates are used as 
benchmarks, therefore subsequent analysis and the 
estimation of the EKC equation is based on fitted 
values of real per capita income from the GMM 
estimation. Before turning to the estimation of per 
capita pollution we should examine the time series 
properties of the main variables used. Testing for 
unit roots in panel data requires both the asymptotic 
behavior of the time-series dimension T, and the 
cross-section dimension N, to be taken into 
consideration. Performing the Phillips-Perron unit 
root tests on all variables of interest we find 
evidence against stationarity in levels, since in all 
cases our variables are I(1). Additionally, 
application of the Pedroni and the Kao (Engle 
based) cointegration tests for the two pollutants 
equations provides evidence to reject the null 
hypothesis of no-cointegration at the conventional 
statistical significance level of 0.05 for the SO2 and 
CO2 equations.  

Table 2a provides estimates of per capita 
pollution emissions utilizing the results of GMM 
estimates of Eq.2. In our model, as mentioned, 
according to the Hausman test FE is preferred to RE. 
Hence, for each pollutant we report FE and DFE 
estimates. Based on FE estimates (columns 1 and 3) 
the government share of GDP has a negative and 
significant direct effect on SO2/c and an 
insignificant negative relationship with CO2/c. DFE 

estimates suggest that the government share of 
income possesses a negative relationship with SO2/c 
and CO2/c, which is significant at 1% and 10% 
significance levels respectively.  

Finally, Table 2b reports GMM First-Difference 
and Orthogonal-Deviations estimates of the EKC 
equation. The estimated effect of government 
expenditure on the environment is similar in 
magnitude to the DFE estimates for both pollutants 
but is statistically significant only in the case of SO2. 
Since GMM estimates take into account dynamics 
and mitigate reverse causality biases, in what 
follows first-differences GMM results will be used 
as benchmark. Both pollutants have a significant 
cubic relationship with per capita income in all 
estimates. Interestingly, taking into account 
endogeneity in the A-B GMM estimates produces 
turning points for CO2 well within the sample. The 
household income effect is negative, although 
insignificant in all cases except for SO2 in first-
differences GMM. The share of investment is found 
to increase pollution, but the effect is significant 
only for CO2. On the other hand, the coefficient of 
trade-openness is always negative, but mostly 
insignificant. Finally, the effect of population 
density is robustly positive, while the democracy 
index is insignificant in all specifications.  

A negative direct effect of government share of 
income on pollution is estimated by all models, as 
indicated in Table 2. Concentrating on GMM 
results, an increase of government expenditure by 
1%, ceteris paribus, may result in a 0.903% 
reduction of SO2/c. However the direct effect on 
CO2 is insignificant. The indirect effects are negative 
at the median income level, leading to a negative 
total effect for both pollutants. The negative sign of 
the indirect effect occurs from the positive 
relationship between income and pollution at the 
median income level. 

Explicitly, at the sample median level of income 
an increase in the government share of GDP leads to 
a reduction in income and, as a result, to a reduction 
in emissions. Additionally, the estimated indirect 
effects are notably larger than the direct effects.  

Table 3 presents the direct, indirect and total 
effects of government expenditure on pollution 
based on the estimates in Tables 2a-2b. Since the 
indirect and thus the total effect depend on the level 
of income, the effects in Table 3 are calculated at the 
sample median level of income.  
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Table 1: Estimates of the impact of government share on per capita income. 

Model OLS FE DFE GMM A-B 
 (1) (2) (5) (4) 
Log government share      -0.198***     -0.210***     -0.872***  -1.809***  
   (0.042) (0.069) (0.328)  
Log investment       0.688***     0.142***  0.430*  0.876**  
   (0.039) (0.038) (0.227)  
Log school       0.830*** 0.130 0.290 0.108 
   (0.109) (0.099) (0.475)  
Population growth      -0.239***     -0.014**     -0.255***   -0.222***  
  (0.036) (0.006) (0.077)  
Trade-openness      0.002***    0.003***  0.006*  0.022***  
    (0.000)   (0.001)  (0.0035)  
Constant      3.383***    7.855***    
  (0.557) (0.489)   
R2  0.493 0.201   
F test 0.000 0.000   
Wald test    0.000 
Hausman FE v. RE  0.000   
Cragg-Donald F-stat     
Hausman PMG v. DFE   1.000  
Hansen test    0.202 
Hansen IV subset    0.743 
A-B test of AR(1)    0.000 
A-B test of AR(2)    0.092 
Nobs/Countries/IVs 1,596 1,596/76 1,520/76 1,406/74/61 

                 Note: Robust standard errors are in parentheses. All tests’ values reported are probabilities. 
                 *Significant at 10%.                **Significant at 5%                ***Significant at 1%. 

 

Table 2a: Estimates of pollution emissions/c. 

     SO2/c CO2/c 
 FE DFE FE DFE 
Log(government share)  -0.292**  -0.910***  -0.096 -0.256* 
 (0.134) (0.305) (0.101) (0.143) 
LogGDPc -50.49***  -36.51**  -18.23***  -13.17**  
 (12.56) (17.74) (5.370) (6.502) 
(LogGDPc)2 6.642***  5.136**  2.402***  1.792**  
 (1.541) (2.160) (0.638) (0.777) 
(LogGDPc)3 -0.283***  -0.231***  -0.099***  -0.075**  
 (0.063) (0.088) (0.025) (0.031) 
Log(trade-openess) -0.157***  -0.075 -0.104 -0.071 
 (0.057) (0.143) (0.065) (0.058) 
Log(investment) -0.064 0.175 0.100** 0.139** 

 (0.060) (0.127) (0.048) (0.056) 
Log(household consumption) -0.468 -1.313 -0.377 -0.479 
 (0.340) (0.823) (0.264) (0.348) 
Democracy level -0.007 0.001 0.001 0.005 
 (0.005) (0.010) (0.004) (0.005) 
Population density 1.245 8.567**  6.285*** 7.283***  
 (2.069) (3.521) (1.265) (1.453) 
Constant 123.60***   44.22***   
 (33.59)  (14.41)  
Error correction term   -0.154***  -0.272*** 

  (0.033)  (0.035) 
Turning Points 672/9,321 369/7,406 437/24,101 314/26,370 
R2  0.317  0.495  
F test 0.000  0.000  
Hausman FEv.RE 0.001  0.000  
Hausman MGv.PMG  1.000  0.851 
Hausman PMGv.DFE  0.998  1.000 
Nobs/Countries 1,480/74 1,406/74 1,480/74 1,406/74 

   Note: Robust standard errors in parentheses. All tests’ values reported are probabilities. 
      *Significant at 10%.          **Significant at 5%          ***Significant at 1%. 
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Table 2b: Estimates of pollution emissions/c using GMM. 

     SO2/c CO2/c 
 First-Differences Orthogonal-

Deviations 
First-Differences Orthogonal- 

Deviations 
Log government share  -0.903**  -1.107***  0.193 0.005 
LogGDPc -114.27**  -127.83**  -50.13***  -44.97**  
(LogGDPc)2 14.86***  16.38**  6.266***  5.646**  
     
(LogGDPc)3 -0.627***  -0.686**  -0.253***  -0.229**  
     
Log(trade-openess) -0.074 -0.111 -0.082 -0.099 
     
Log(investment) 0.067 0.111 0.087** 0.156*** 

     
Log(household consumption) -0.760*** -0.556 -0.026 -0.301 
     
Democracy level -0.004 -0.005 0.001 0.002 
     
Population density 4.545 0.693 4.935* 5.518***  
     
Turning Points 742/9,799 944/8,691 898/16,481 880/15,678 
Wald test 0.000 0.000 0.000 0.000 
Hansen test 0.270 0.181 0.174 0.207 
Hansen IV subset 0.173 0.042 0.086 0.080 
A-B test of AR(1) 0.001 0.000 0.009 0.005 
A-B test of AR(2) 0.331 0.325 0.357 0.328 
Nobs/Countries/IVs 1,425/75/60 1,425/75/60 1,425/75/60 1,425/75/60 

               Note: Robust standard errors in parentheses. All tests’ values reported are probabilities. 
                    *Significant at 10%.                **Significant at 5%                ***Significant at 1%. 

 

Table 3: Impact of government spending on pollutants (elasticities). 

     SO2/c     CO2/c 
Effects FE DFE GMM (F-D) FE DFE GMM (F-D) 
Direct  -0.292** -0.910*** -0.903** -0.096 -0.256* 0.193 
Indirect  -2.063 -1.462 -4.628 -2.094 -1.899 -2.843 
Total  -2.355 -2.372 -5.532 -2.094 -2.155 -2.843 
Change of 
sign point 

10,003 9,268 10,809 24,210 30,201 16,438 

Note: Indirect and total effects are calculated at sample median level of per capita income ($4,669). 
*Significant at 10%. **Significant at 5%            ***Significant at 1%. 
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Figure 1: The effect of government share on SO2/c. 
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Figure 2: The effect of government share on CO2/c. 
 

The total effect of government share on SO2/c is 
negative for low levels of per capita income and 
then turns to positive, while the total effect on CO2/c 
is also negative but becomes positive only for very 
high income levels7. Table 3 also reports the 
estimated income level at which total effect changes 
from negative to positive. Particularly, GMM 
estimates indicate that this level is $10,809 for SO2/c 
and $16,438 for CO2/c, i.e. total effect of 
government share of income on CO2/c is negative 
through most of the sample income range. From the 
figures it becomes clear that the pattern of total 
effect is determined by the shape of the indirect 
effect.  

The results of Table 3 suggest that the direct 
effect of government spending on pollution is 
insignificant and considerably smaller for CO2, in 
absolute values. This finding comes as no surprise if 
we take into consideration both pollutants’ impact 
on human health and the technological capabilities 
of reducing their levels in the atmosphere. In 
particular, SO2 emissions externalities are local and 
immediate while CO2 emissions externalities are 
global and occur mostly in the future. Local 
environmental degradation, as in the case of SO2, 
increases demand for technological improvements to 
diminish that impact.  

Figures 1 and 2 present the direct, indirect and 
total effects of government share of income on 
emission levels against per capita income. For CO2 

the direct effect is insignificant and we do not take it 
into account. The indirect effect increases with per 

capita income, since 
)(

)/(
Govshare

cGDP





=-1.809 and 

                                                 
7 Notably, for both pollutants, in very low levels of 
income (below the 5% percentile) the total effect is 
positive. 

( / )
( / )

P c
GDP c





falls from 1.27 to – 7.17 for SO2/c and 

from 0.22 to - 1.39 for CO2/c throughout the sample 
income range. These patterns largely depend on the 
relationship between pollution and income levels 
described by the EKC.  

The difference in magnitude and significance 
between the estimated direct effects of government 
expenditure on SO2 and CO2 could also be explained 
by how the different types of pollutants respond to 
certain policies. In particular, as already mentioned, 
the regulation of production generated pollutants, 
like SO2, is expected to be more straightforward and 
this is reflected in the estimated effects. 
 
4.2 Sensitivity analysis 

If government expenditure composition is 
omitted then this could bias the impact of 
government expenditure on pollution. We perform a 
sensitivity analysis for the EKC equation including a 
government expenditure composition variable, 
constructed as described in Lopez et al. (2011). 
Interestingly, we found that composition of 
government spending matters only in the case of 
CO2, where its sign was negative and significant at 
the 5% level, while the sign of the government 
expenditure remained unchanged compared to the 
main results. Additionally, we tested the existence of 
potential biases from omitted time-variant variables 
like environmental regulations using the method 
proposed by Krauth (2011). The results suggested 
that the estimated effect for SO2/c is robust, while 
the same does not hold for CO2/c, as expected.  

Furthermore, a robustness check of the 
significance of the variables (government spending x 
GDP/c) and its square was performed. The 
interactive terms were found to be insignificant 
when all powers of income were included in the 
equation, but were significant when just the level of 
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GDP/c was used, thus confirming the existence of an 
indirect effect. Finally, we found no evidence of a 
quadratic relationship between income and 
government expenditure. 

5. Conclusions 

This paper, using a sample of 77 countries for 
the period 1980-2000 and a two equation model 
jointly estimated, examines the impact of 
government size on pollution taking into account the 
dynamic nature of this relationship. Our results 
confirm the theoretical and empirical developments 
on the existence of a correlation between income 
and pollution as well as between government size 
and economic performance. The reported results are 
not affected by biases, which may occur by omitted 
variables and existence of extreme observations. 

The estimated direct effect of government 
expenditure is negative and significant for SO2, but 
insignificant for CO2. Estimation of a non-positive 
direct effect of government size on SO2 is in line 
with recent findings by Lopez et al. (2011) and 
Lopez and Palacios (2010). On the other hand, the 
indirect effect which is considered for the first time 
here varies depending on income levels. The total 
effect is largely determined by the more dominant 
indirect effect. In particular, for SO2, the total 
impact is negative, although decreasing in absolute 
value, for low levels of income and then becomes 
positive for more developed countries. In contrast, 
for CO2 the total effect is also negative but it turns 
positive only for very high income levels.  

We attribute these results to the different 
characteristics of the pollutants that may determine 
the effect of government expenditure on them, such 

as duration of their atmospheric lives, geographical 
and time scale of their effects on human health and 
on whether they are mainly production or 
consumption generated. Policy implications, 
occurring from the analysis, differ according to the 
level of income in a country. Results suggest that 
reducing government size enhances economic 
performance. However, cutting government 
expenditure should be undertaken with particular 
care in some levels of GDP. For SO2 and CO2 

pollution, results suggest that reducing government 
size in countries with an income level less than 
$10,809 and $16,438 respectively, leads to 
deterioration of environmental quality. Therefore, 
cutting government expenditure in these countries 
should be accompanied by appropriate 
environmental regulation along with the 
establishment of international environmental 
treaties.  

On the other hand, in countries with higher 
income levels, cutting government expenditures 
leads to improvements in both income and 
environmental quality. These implications bear some 
resemblance to the EKC. In particular, countries 
with income level at the decreasing area of the EKC 
are more likely to have already established the 
environmental legislation and to have undertaken 
public expenditures for the improvement of 
environmental quality, thus they are susceptible to 
diminishing returns from a further increase in 
government size. In that context and combining our 
findings with the results from Lopez et al. (2011), 
cutting out public spending items that increase 
market failure will be the most beneficial, especially 
for CO2 pollution.  
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Abstract 

Multi-Criteria Decision Analysis (MCDA) methods are used by Decision Makers (DMs) in concluding with the 
optimum choice out of a set of  possible solutions that will allow them to achieve  a specific goal. The needs of the 
DMs in conducting climate change policy evaluations along with the strengths and weaknesses of the MCDA 
methods point out which of these methods are more suitable to be used for these decision-making problems. In 
this framework the most frequently used MCDA methods (AHP, fuzzy AHP, MAUT, SMART, AMS, ELECTRE 
and PROMETHEE) for the evaluation of climate change policy instruments or mixtures are examined. Their 
strengths and weaknesses are classified and compared according to the needs of DMs (governments, target 
groups, scientists/researchers) to: i) understand,  through the set of criteria/sub-criteria, form and information of 
outcomes, the performance of all evaluated policy options in achieving climate change policy objectives; ii) rely 
with confidence on the outcomes based on the structural background and main elements of the method 
(mathematical and procedural background, weight coefficients, parameters, indexes, scales of assessment, 
sensitivity analysis) and iii) use a manageable method (flexibility in inputs, ease to use, low requirements on time 
and efforts, available software).  The paper concludes with the more appropriate MCDA methods to be used by 
DMs and policy makers for climate change policy evaluations. 

Key words: Comparison, climate change, mitigation, adaptation, criteria.  
 

Introduction 

During the last twenty years climate change 
policy issues have gained the attention of decision 
and policy makers. Strategies, actions, measures and 
policy instruments have been designed, discussed 
and implemented so as to mitigate greenhouse gas 
emissions and to adapt human activities towards the 
most likely expected effects of climate change. The 
development of such a policy mixture or even of a 
policy portfolio aiming to the achievement of 
specific national climate change 
mitigation/adaptation (M/A) targets raises inevitably 
the issue of evaluation (Mundaca L., Neij L., 2009).  

Evaluation in climate change policy is 
performed with different approaches (monetary 
valuations (ie cost-benefit analysis, cost 
effectiveness analysis), comparing outcomes of 
models, MCDA methods, and qualitative 
comparisons) (Browne D., Ryan L., 2011; 
Department of Communities and Local 

Government: London, 2009).  Out of these 
approaches the Multi-Criteria Decision Analysis 
(MCDA) methods are preferred compared to the 
other approaches and used progressively even more 
for identifying the optimum choice or set of choices 
out of a wider group of possible solutions for the 
under consideration complex problem (Kurka T., 
Blackwood D., 2013; Konidari P., Mavrakis D., 
2007; 2006).  

The aim of this paper is to identify the MCDA 
methods used in climate change policy evaluations, 
examine the most frequently selected ones, and 
compare them according to two elements: i) the 
needs of DMs and ii) their strengths and weaknesses 
in responding to the previous element. Their 
strengths and waeknesses are classified according to 
the evaluation needs of DMs for climate change 
policy issues.  

The paper is divided in the three parts. The first 
one presents the framework under which the authors 
identified the most frequently used methods. The 
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second one presents the classification according to 
the needs of DMs (governments, target groups, 
scientists/researchers) of the strengths and the 
weaknesses that MCDA methods of the first part 
have. The last session discusses the outcomes of the 
previous comparison and concludes with the more 
appropriate MCDA methods to be used by DMs and 
policy makers for climate change policy evaluations. 

Approach 

Step 1: Identifying the most frequently used multi-
criteria evaluation methods 

The use of MCDA methods has shown that: i) 
None of them is appropriate for all types of decision 
making problems, but certain methods fit better in 
assisting a DM towards a specific problem (Polatidis 
H. et al., 2004; Joubert A.R. et al., 1997); ii) 
Researchers agree that there is no single-best 
method for the evaluation of policy 
instruments/scenarios (Mundaca L., Neij L., 2009); 
iii)  As Roy B. pointed out in 1985 the principle aim 
is not to discover a solution but to construct or 
create something, which is likely to help “an actor 
taking part in a decision process to shape and/or to 
argue and/or to transform his preferences or to 
make a decision in conformity with his goals”.  

Therefore, recent peer-reviewed articles 
published in leading scientific journals and dealing 
with climate change policy instruments/mixtures 
were sought by the authors in bibliographic 
databases (Science Direct, Scirus8, Wiley 
Interscience and Google Scholar) during August-
September 2013. The time period of publication was 
restricted to 2000-2014 since the Kyoto Protocol 
was signed in 1997, while the issue of evaluating 
climate change policies was set officially under 
discussions by the government of New Zealand and 
IPCC in 2001 (Konidari P., Mavrakis D., 2007). A 
more careful look at the content of 65 papers that 
correspond to the general theme of climate change 
policy evaluations with a MCDA method or 
approach resulted to the selection of 24 of them 
(table 1) that: 

�  Concerned evaluation of at least one clearly 
quoted climate change policy goal, strategy, 
instrument, action or measure with the usage of 
multi-criteria evaluation methods.  

�  Described fully the whole procedure of 
applying a MCDA method, oriented explicitly 
to climate change policy needs and concluded 
to results (ranking of evaluated alternatives or 
group of acceptable options).   

The following MCDA methods have been used: 
Analytical Hierarchy Process (AHP), Fuzzy AHP, 
Multi-Attribute Utility Theory (MAUT), AMS, 
ELimination Et Choix Traduisant le REalité 

                                                 
8 http://www.scirus.com 

(ELECTRE), NAIADE and Preference Ranking 
Organization METHod of Enrichment Evaluation 
(PROMETHEE), REGIME. In this set of methods 
Simple Multi-Attribute Ranking Technique 
(SMART) is also included since it is part of AMS. 
AMS was named so being the combination of three 
standard multi-criteria methods: AHP, MAUT and 
SMART (Konidari and Mavrakis, 2006; 2007).  

The most frequently used in these 24 papers 
are: Analytical Hierarchy Process (AHP), Preference 
Ranking Organization METHod of Enrichment 
Evaluation (PROMETHEE), AMS and ELimination 
Et Choix Traduisant le REalité (ELECTRE). AHP is 
the most popular method used in such applications, 
followed by PROMETHEE, AMS and ELECTRE.  

Step 2: Examination and classification of strengths 
and weaknesses of MCDA methods according to 
DM’s needs 

In this step the needs of the DMs are quoted and 
then the corresponding strengths and weaknesses of 
the aforementioned MCDA methods are presented. 
Based on those needs the strengths and the 
weaknesses of the most frequently used MCDA 
methods were classified and examined on how they 
respond to those needs. 

 
Need 1: Understanding the performance of all the 
evaluated climate change policy options 

Decision makers for climate change policy 
issues need an evaluation method that allows them 
to understand how close a policy option (instrument 
or mixture) delivers the objectives that needs to 
fulfill. They need to be provided with adequate and 
comprehensive information on the performance of 
the evaluated option (Mundaca L., Neij L., 2009). 
This understanding is based on the: i) set of 
criteria/sub-criteria, ii) form and information 
provided from the outcomes.  

Need 1.1: Set of criteria/sub-criteria 

There is a need for understanding and selecting 
through numerous evaluation criteria that can 
capture and characterise the multiple attributes of 
policy options and the policy context in which they 
work (Mundaca L., Neij L., 2009). The main 
requirement for the set of criteria/sub-criteria of 
climate change policy evaluation is the same set of 
criteria/sub-criteria is to be used again and again 
(Mundaca L., Neij L., 2009).  

Strengths and weaknesses of the MCDA methods to 
fulfill need 1.1 

From all the described methods AHP presents 
better the problem (Kurka T., Blackwood D., 2013). 
Its main advantage is the decomposition of the 
problem into elements (Ishizaka A., Labib A., 2011; 
Berrittella et al., 2008). Its hierarchical structure of 
criteria allows users to focus better on specific 
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criteria and sub-criteria when determining the 
respective weight coefficients through the pairwise 
comparisons (Ishizaka A., Labib A., 2011). Decision 
hierarchy in SMART can be set up in the same way 
as in AHP (Kangas J., Kangas A, 2005). AMS has 
incorporated this advantage in its methodology.  

PROMETHEE does not provide the possibility 
of structuring the problem using a ‘classical’ 
decision tree (yet only a ‘criteria hierarchy’ is 
possible), or specific guidelines to determine the 
weights (Turcksin L., Bernardini A., Macharis C., 
2011). In the case of many criteria, it is difficult for 
the DM to “obtain a clear view of the problem and 
to evaluate the results” (Wand J.J, Yang D.L., 
2007). 

Usually in ELECTRE all criteria or criteria of 
the same group are considered as of equal 
importance (Papadopoulos A., Karagiannidis A., 
2006; Diakoulaki D., Karangelis F., 2006; Salminen 
P. et al., 1998).  

Only AMS exhibits a complete set of 
criteria/subcriteria for evaluating M/A policy 
instruments. This was based on the preferences of 
three (3) different groups of stakeholders all active 
for climate policy issues. Blechinger P. and Shah K. 
(2011a; 2011b) confirmed the criteria/sub-criteria 
tree of the AMS method based on the preferences of 
policy makers whom they interviewed. The main 
advantage of this set is that it is common for 
developed and developing countries. This approach 
- used in AMS - is encountered in practice. Ananda 
J. and Gamini H. in 2003 incorporated preferences 
of six (6) different groups of actively involved 
stakeholders.  

Need 1.2:  Form and information of outcomes 

The outcomes need to provide information 
without requiring further analysis before the user 
can make a decision (Shibl R. et al., 2013). 
Furthermore, the representation needs to be common 
for all climate policy instruments and all countries 
for two reasons: first, to allow a comparison among 
the evaluated types of policy instruments under a 
particular national framework; second, to allow also 
the comparison of the performance of the same type 
of instrument in different countries.  

Strengths and weaknesses of the MCDA methods to 
fulfill need 1.2 

Multi-attribute utility methods (AHP, Fuzzy 
AHP, MAUT, SMART, AMS) aggregate all points 
of view into a unique function which is to be 
optimized, while outranking methods (ELECTRE, 
PROMETHEE) construct and exploit a synthesizing 
relation based on the decision maker’s preferences 
(Gamper C.D., Turcanu C., 2007).  

Sometimes ELECTRE is unable to identify the 
preferred alternative and produces only a core of 
leading alternatives, due to a not necessarily 

complete system (regarding the use of the three 
thresholds) (Huang I.B., et al., 2011; Wang J.J. et 
al., 2009; Georgiou P. et al., 2008; Gilliam S. et al., 
2005; Pohekar S.D., Ramachandran M., 2004). 
Some of the alternatives may remain incomparable 
due to an inadequate number of arguments to 
support the hypothesis that one alternative is as 
good as the other (Georgiou P. et al., 2008). The 
ELECTRE family methods are convenient when 
encountering few criteria and a large number of 
alternatives because they offer a clearer view of the 
alternatives by eliminating the less favorable ones 
(Wang J.J. et al., 2009; Pohekar S.D., 
Ramachandran M., 2004; Beccali M. et al., 2003; 
Georgopoulou E. et al., 2003).  

PROMETHEE belongs in the same category 
with ELECTRE and is able for partial or full 
ranking of the alternatives. Its outcome is a ranking 
of the best to the worst alternatives showing which 
more are preferred if all criteria are taken into 
consideration (Wang J.J, Yang D.L., 2007; 
Diakoulaki D. et al., 2007).  

AMS has been designed especially for climate 
change policy evaluations, concluding to a full 
ranking of the alternatives exhibiting strengths and 
weaknesses, by taking into consideration the type 
and level of emerging policy interactions (Konidari 
P., Mavrakis D., 2006). �
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(Turcksin L., Bernardini A., Macharis C., 2011). 
 
Need 2: Rely with confidence on the outcomes 
based on the structural background and main 
elements of the method 

Policy makers do not have always the 
knowledge or the time to examine the structural 
background of a MCDA method. They need to be 
sure that the method is structured correctly 
regarding its: i) mathematical background, ii) 
procedural background and iii) Main elements 
(Weight coefficients, parameters, thresholds, 
indexes). This is also referred as “trust to the 
knowledge base” (Shibl R. et al., 2013).  

Need 2.1: Mathematical and Procedural 
background 

All methods use certain mathematical processes 
in concluding to their results. The minimum 
requirement for DMs is to have a solid method. 

Strengths and weaknesses of the MCDA methods to 
fulfill need 2.1 
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All MCDA methods have their mathematical 
background presented and established through the 
respective published work.  

AHP is justified mathematically (Kablan M.M., 
2004). It is a mathematical theory of value, reason 
and judgment, based on ratio scales� (Eakin H., 
Bojorquez-Tapia L.A., 2008).  

Fuzzy AHP combines the concepts of the fuzzy 
set theory and the hierarchical structure analysis 
(Hoe et al., 2010). It is an extended AHP method 
with triangular or trapezoidal fuzzy numbers for 
handling the inherent subjectivity and ambiguity 
associated with human preferences and perceptions 
over exact numbers (Hoe et al., 2010; Tiryaki F., 
Ahlatcioglu B., 2009; Duran O., Aguilo J., 2008; 
Pan N.-F., 2008).  

MAUT has the soundest theoretical structure of 
all the multi-criteria techniques (Van Calker K.J. et 
al., 2006; Gomez-Limon J.A., Martinez Y., 2006). It 
allows complete compensation9 among all the 
attributes, while the multi-attribute utility functions 
incorporate preferences and uncertainties over all 
attributes explicitly. Although, its preferential 
assumptions are not generally easy to test 
empirically, MAUT provides satisfactory results and 
is less in error than any other practical alternative 
(Van Calker K.J. et al., 2006). 

SMART is a trade-off method that can be used 
for up to sixteen criteria (Oltean-Dumbrava C., 
Ashley R., 2006). Due to its compensatory 
characteristic it can hide unacceptable scores for 
criteria. Its results are considered as robust and 
replicate decisions from more complex MAUT 
analysis with a high degree of confidence (Linkov I. 
et al., 2004).  

ELECTRE III is a non-compensatory MCDA 
method, using mathematical functions to indicate 
the level of preference of one alternative over the 
others (Rogers M., Bruen M., 1998). It has a solid 
scientific background (Theodorou S. et al., 2010). 

 The basic assumptions and their consequences 
for the PROMETHEE method were presented in the 
initial paper of Brans J.P. et al. in 1986 and of 
Keyser De Wim, Peeters Peter in 1996. Brans J.P. et 
al. showed also that this method is more stable than 

                                                 
9 “Compensability refers to the existence of trade-offs i.e. 
the possibility of offsetting a disadvantage on some 
criteria by a sufficiently large advantage on another 
criterion, whereas smaller advantages would not do the 
same. Thus a preference relation in non-compensatory if 
no trade-off occurs and is compensatory otherwise. The 
use of weights with intensity of preference originates 
compensatory multi-criteria methods and gives the 
meaning of trade-offs to the weights.” (Munda G., 2006, 
http://www3.aegean.gr/environment/energy/mcda/library/
Deliverables/del_20/A_NAIADE_based_approach_for_su
stainability_benchmarking.pdf 

ELECTRE. It offers a sound scientific procedure for 
leading to its outcomes (Theodorou S. et al., 2010). 

 Each method has its advantages and drawbacks. 
Their combination aims to make use of the strengths 
of the selected methods and create operational 
synergies or their use in parallel to get a broader 
decision basis for the DM (Browne D. et al., 2010; 
Theodorou S. et al., 2010; Ananda J., Herath G., 
2009; Macharis C. et al., 2004). Furthermore, the 
mathematical background of each one of them is 
used appropriately in these combinations. Problems 
in AHP related with the inclusion of new 
alternatives and criteria can be solved when 
SMART is implemented (Gilliams G. et al., 2005). 
The combination of AHP and SMART is considered 
as better suited for quality evaluation, while the 
simple value functions are best suited for 
determining the scores of the alternatives (Tsvetinov 
P.E., 2003). The choice of a linear function as the 
value function is in most cases sufficient (Tsvetinov 
P.E., 2003). For AMS the authors used the 
mathematical background of all three methods 
(AHP, MAUT and SMART). They reduced the time 
for applying the procedure and the complexity that 
AHP exhibits when used for criteria and alternatives 
without affecting its credibility. The scales for the 
scores assigned to the alternatives for their 
performance against the sub-criteria are positive.  

Need 2.2: Main elements (Weight coefficients, 
parameters, thresholds, indexes) 

Not all parameters that need to be expressed as 
criteria/sub-criteria have the same importance for 
climate change policy mixtures (Blechinger P. and 
Shah K. 2011a; 2011b; Konidari P., Mavrakis D., 
2007; 2006; Mavrakis D., Konidari P., 2003).  

Strengths and weaknesses of the MCDA methods to 
fulfill need 2.2 

A big drawback for the MAUT family is the 
difficulty that a DM has when trying to specify a 
tradeoff ratio between two different criteria such as 
“landscape degradation” and “employment” 
(Polatidis H. et al., 2004). In AMS this problem is 
handled. The main criteria are three; each one of 
which has sub-criteria that are evaluated on how 
much they contribute to the main one. Additionally, 
the preferences of three (3) main stakeholder groups 
are taken into consideration and through the AHP 
procedure the weight coefficients are determined. 
Psychologists argue that it is easier and more 
accurate to express one’s opinion only on two 
alternatives that simultaneously on all (Ishizaka A., 
Lablb A., 2011). 

Additionally, “The AHP approach employs a 
consistency test that can screen out inconsistent 
judgments, which makes the results reliable.” 
(Kablan M.M, 2004). Two consistency indexes are 
used in the AMS method. The application of both 
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indexes showed that the incorporation of the 
stakeholders’ preferences regarding the assigned 
importance to criteria/sub-criteria is well done and 
reasonable. The values of both indexes are within 
the numerical limits specified by the developers of 
these indexes indicating that results are reliable.  

The application of fuzzy AHP “may produce 
unreliable results if: an unbalanced 9-point scale is 
used; the scale of fuzzification is not fully justified 
and an inappropriate defuzzification method is 
applied.” (Srdjevic B., Medeiros Y.D.P., 2008). 
Most fuzzy AHP approaches use only triangular 
fuzzy numbers, because although trapezoid fuzzy 
numbers demonstrate better the situation they 
exhibit more uncertainty when compared to the 
triangular ones (Pan N.-F., 2008). Fuzzy AHP has 
been used in many applications, but there are very 
few outcomes regarding its inconsistency implying 
the need for further exploration of its mathematical 
basics (Tiryaki F., Ahlatcioglu B., 2009). Due to the 
absence of proven techniques for fuzzy consistency 
and fuzzy priority vector, some researchers used the 
consistency index CI and consistency ratio CR of 
AHP (Bulut E. et al., article in press; Heo E. et al., 
2010; Kahraman C., Kaya I., 2010; Duran O., 
Aguilo J., 2008; Lee A.H.I. et al., 2008).  

For AMS, consistency of weight coefficients is 
tested using two different approaches (Konidari P., 
Mavrakis D., 2007; 2006). The first approach is 
based on the consistency index of the AHP method 
by Saaty. The second approach was developed by 
Peláez J.I. and Lamata M.T. in 2002. The 
consistency index CI is now a function of the matrix 
size and not of its entries. 

The main characteristic of ELECTRE TRI is the 
assignment of alternatives to pre-defined categories 
(Karakosta C. et al., 2009; Dias L. et al., 2002). 
Taking into consideration that some countries have 
not implemented climate change adaptation policy 
instruments, it is difficult at this phase to assign 
potential actions into pre-defined categories such as 
high, low priority or not recommended options. 
Furthermore, apart from the thresholds (common for 
all ELECTRE forms), upper and lower limits of the 
categories need to be defined (Malekmohammadi B. 
et al. 2011; Karakosta C. et al., 2009). This process 
is usually difficult – not only for ELECTRE TRI, 
but for the other types of the ELECTRE family as 
well - particularly when decision makers are unsure 
of which values each parameter (thresholds and 
limits for the categories) should take 
(Malekmohammadi B. et al. 2011; Dias L. et al., 
2002).  

PROMETHEE does not have a certain 
mathematical procedure for defining weight 
coefficients (Wang J.J, Yang D.L., 2007; Brans et 
al., 1986). Indifference and/or preference thresholds 
can be defined by the DM for each criterion 
(Diakoulaki D. et al., 2007). This procedure may be 

difficult to be completed particularly by an 
inexperienced DM (Patlitzianas K.D. et al., 2007; 
Wang J.J, Yang D.L, 2007).  
 
Need 3: Use a manageable method  
Need 3.1: Flexibility in inputs 

In most developing countries and Small Island 
developing states there is an absence of quantitative 
data related with GHG emission registry, the 
potential of renewable energy sources or energy 
efficiency impeding multi-criteria evaluations 
(Konidari P., 2010; 2009; 2008; Blechinger P. and 
Shah K., 2011a; 2011b).  

Strengths and weaknesses of the MCDA methods to 
fulfill need 3.1 

Depending on the set of criteria/subcriteria that 
is to be used, the outcomes of an energy model can 
be incorporated appropriately. Almost all National 
Communications, submitted to the United Nations 
Framework Convention for Climate Change 
(UNFCCC), included the outcomes of models such 
as MARKAL/TIMES, LEAP and ENPEP showing 
projections and trends of GHG emissions in several 
sectors of their economy and reduction costs as well 
(UNFCCC, 2011).  

There are cases at which an energy model was 
combined with a multi-criteria evaluation method 
particularly for M/A policy issues. The combination 
of AHP and MAUT has been used in evaluating a 
number of developed through the LEAP model 
policy scenarios (Phdungsilp A., 2010; 2006). AMS 
has been used in combination with the Green-X 
model for evaluating policy scenarios regarding the 
penetration of RES-E in Greece (Kampezidis H. et 
al., 2011). No other combination between any of the 
particular seven multi-criteria evaluation methods 
and energy models has been mentioned (Ishizaka A., 
Labib A., 2011; Behzadian M. et al., 2010).  

AHP allows qualitative and quantitative 
approaches for solving a problem (Kilincci O., Onal 
S.A., 2011; Wong J.K.W., Li H., 2008; Duran O., 
Aguilo J., 2008). It can handle uncertain, imprecise 
and subjective data (Srdjevic B., Medeiros Y.D.P., 
2008). The usage of pairwise comparisons does not 
require the explicit definition of a measurement 
scale for each attribute (Bozdura F.T. et al., 2007).  

Some of the input data for the method are 
possible to come from the energy model that the 
country has used for its energy and climate change 
planning. LEAP has been used in combination with 
MCDA methods, such as AMS. For the other sub-
criteria that no model outcomes are available, 
information and data from national reports and 
databases can be used with the MAUT and SMART 
procedures during the AMS application.  

In order to apply ELECTRE III a detailed 
knowledge of energy and economic background of 
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the examined countries is necessary which is not all 
the time available (Papadopoulos A., Karagiannidis 
A., 2008).  

PROMETHEE methods can handle data with a 
reasonable degree of accuracy and fixed numerical 
values (Behzadian M. et al., 2010; Olson D.L., 
2001).  
 
Need 3.2: Ease of use 

Strengths and weaknesses of the MCDA methods to 
fulfill need 3.2 

Comparative analysis of MCDA approaches has 
indicated AHP to be the most popular compared to 
other methods due to its simplicity, ease to use and 
great flexibility (Kilincci O., Onal S.A., 2011; W. 
Ho et al., 2010; Srdjevic B., Medeiros Y.D.P., 2008; 
Duran O., Aguilo J., 2008; Babic Z., Plazibat N., 
1998). It is an easier technique - with the exception 
of the eigenvalue calculations used to derive the 
local priorities of the elements in a cluster of the 
hierarchy and which remain actually hidden from 
the end-user - compared to MAUT and SMART and 
with less required cognitive skills compared to 
MAUT/MAVT and SMART (Ananda J., Herath G., 
2009; Petkov D. et al., 2007). The users may 
directly input judgment data without getting into the 
mathematical background (Duran O., Aguilo J., 
2008). 

Multi Attribute Utility Theory (MAUT) was 
cognitively more difficult to understand but the 
Simple Multi Attribute Rating Technique 
(SMART), which belongs to the same group of 
methods, was found to be easy (Petkov D. et al., 
2007). For MAUT a drawback is the requirements 
of interactive decision environment in formulating 
utility functions, complexity of computing scaling 
constants using the algorithm (Pohekar S.D., 
Ramachandran M., 2004).  

For AMS Blechinger P. and Shah K. in 2011 
mention that the method is user-friendly and 
transparent in the calculation process; usable 
without knowing in detail its methodological 
background. 

“Some versions of the ELECTRE methods (e.g. 
ELECTRE III) are considered complicated and 
therefore are not easily understood by DMs” 
(Bojkovic N. et al., 2010). More specifically, the 
elicitation of preferential parameters used in these 
methods may be a complex task particularly when a 
group of DMs are involved or there is a need of 
using a greater number of categories (Brito A. J. et 
al. 2010).  

PROMETHEE seems easier to be understood 
by DMs and simpler to be managed by the analyst 
compared to ELECTRE III (Behzadian M. et al., 
2010). It is characterized by decreased complexity 
(Wang J.J. et al., 2009). 

 Both ELECTRE and PROMETHEE as 
outranking methods allow the introduction of new 
criteria or alternatives at any time during the 
analysis or the adjustment of the values of their 
thresholds (Linkov I. et al., 2004). This is a 
flexibility of these methods compared to MAUT and 
AHP.   

Need 3.3: Low requirements on time and efforts 

Strengths and weaknesses of the MCDA methods to 
fulfill need 3.2 

 Using pairwise comparison for the 
determination of the weight coefficients of the 
criteria and for the assessment of the alternatives is 
time-consuming and exhausting for the DM, 
particularly when their number is large (summing up 
the number of criteria and alternatives) (Konidari P., 
Mavrakis D., 2006; Loken E., 2007)..  

Many different approaches of fuzzy AHP have 
been developed with the Chang’s approach being 
the most popular one since its steps are relatively 
easier than those of the other approaches; it is 
similar to the conventional AHP and its is supported 
by real case applications (Heo et al., 2010; Celik M. 
et al., 2009; Bozbura F.T. et al., 2007). Fuzzy AHP 
“requires considerable computations; careful 
handling of fuzzy operations and consistent 
interpretation of any results obtained” (Heo E. et 
al., 2010; Srdjevic B., Medeiros Y.D.P., 2008; Pan 
N.-F., 2008).  

SMART is usually quicker for a DM to 
implement since less ratings are required compared 
to the same number of pairwise comparisons 
(Honert Van Den  R.C., 2001). 

 In the AMS method the AHP procedure is 
limited only to the determination of the weigh 
coefficients for criteria and for the sub-criteria level 
of each criterion. This restriction reduces the 
number of pair wise comparisons. 

The advantage of the ELECTRE method is that 
the tradeoffs among multiple attributes are 
compensatory, and the information contained in the 
decision matrix is fully utilized (Qin X.S. et al., 
2008). ELECTRE techniques demand the estimation 
of thresholds (three kinds in the general case) and 
weights. These factors however sometimes help the 
DM to understand fully the problem and form 
his/her preferences consistently. Nevertheless, these 
features represent some abstract meaning (Polatidis 
H. et al., 2004).  
 
Need 3.4: Available software 

The existence of software tools facilitates the 
users for the application of MCDA methods.   

Strengths and weaknesses of the MCDA methods to 
fulfill need 3.4 
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Commercial or free software for solving AHP 
problems is available from: AHPProject10, Decision 
Lens11, EBM12, Expert Choice13, InfoHarvest14, , 
MakeItRational15, MindDecider16, Krzysztof Kniaz17 
and Qualica Planning Suite18 (Ishizaka A., Labib A., 
2011; Lee A.H.I. et al., 2008). The Canadian 
Conservation Institute19 offers a free web 
application for this method, guiding the user at each 
step. MultCSync of EBM is a software package 
accomplishing prioritization using AHP and having 
also a modification of AHP in accordance with 
multi-attribute value theory (MAVT). 

On the contrary, there are a limited number of 
available software tools for fuzzy-AHP compared to 
the conventional one (Cakir O., Canbolat M.S., 
2008). For Fuzzy-AHP a software using MAT LAB 
7.0 was developed by Duran O., Aguilo J. in 2008. 
Cakir O., Canbolat M.S. in 2008 presented their 
developed decision support system based on Java 
Servlets Technology, MySql database, Apache 
Tomcat Tomcat web server and other open source 
support software. Lee A.H.I. et al. constructed in 
2008 their own FAHP IS using Power Builder and 
MySQL. Killincci O., Onal S.A. in 2011 wrote their 
calculations in fuzzy AHP using macros in MS 
Excel.  

Logical Decisions® (LDW)20 is decision 
support software that incorporates MAUT and other 
MCDA methods. D-Sight21 is also using utility 
functions. APIS for .NET22 (Aggregated Preference 
Indices System) is a standalone application based on 
Multiple Criteria Decision Analysis (MCDA) and 
MAUT (Multi Attribute Utility Theory). V.I.S.A.23 

is based on MAUT and performs also sensitivity 
analysis. Knijnenburg P. Bart and Willemsen C. in 
2009 developed an online MAUT-based 
recommender system. 

HIPRE +324 and Criterium Decision Plus of 
InfoHarvest support AHP and SMART. Web-
HIPRE supports all common weighting methods 
based on relative comparisons such as MAUT, 

                                                 
10 http://www.ahpproject.com/ 
11 http://www.decisionlens.com/products/process 
12 http://ebmtoolsdatabase.org/tool/multcsync 
13 http://www.expertchoice.com/markets-we-
serve/academic/ 
14 
http://www.infoharvest.com/ihroot/infoharv/products.asp 
15 http://makeitrational.com/ 
16 http://www.minddecider.com/Products.MD.htm 
17 http://kniaz.net/software/AHP.aspx 
18 http://www.qualica.de/qps_ahp.html 
19 http://www.cci-icc.gc.ca/tools/ahp/index_e.asp 
20 http://www.logicaldecisions.com/prod01.htm 
21 http://www.d-sight.com/ 
22 http://www.polyidea.com/blog/ 
23 http://www.visadecisions.com/ 
24 http://www.hipre.hut.fi/  and 
http://www.sal.tkk.fi/en/resources/downloadables/hipre3 

SMART and AHP and their combinations also 
(Geldermann J. et al., 2009).   

Clim-AMS is an integrated software tool for the 
AMS method so as to be used for evaluations within 
the area of climate change policy. The user receives 
assistance with help buttons available in all window 
forms and error messages appearing in case of 
inappropriate inputs. Clim-AMS has incorporated 
the set of weight coefficients produced under the 
AMS methodology. The user may accept the values 
of these weight coefficients or re-calculate them. In 
the second case the consistency of the new weight 
coefficients is tested against two indexes of Saaty 
and of Peláez J.I. and Lamata M.T. (Konidari P, 
Mavrakis D., 2007).  

The Université Paris-Dauphine25 developed 
software for ELECTRE IS, III-IV and TRI. 
DEFINITE26 includes different multi-criteria 
methods, among which ELECTRE also.   

Three software packages have been developed 
for PROMETHEE: D-Sight, DECISION LAB and 
PROMCALC (Behzadian M. et al., 2010; Macharis 
C. et al., 2004). The first one is currently used for 
implementing the method.  

Some of the aforementioned companies and 
software packages are on the web-site of the 
International Society on Multiple Criteria Decision 
Making (http://www.mcdmsociety.org/soft.html). It 
is quite common for the researchers to use a 
template in Excel for their calculations (Killincci O., 
Onal S.A., 2011; Ishizaka A., Labib A., 2011). In 
other cases they developed software to correspond 
to the specific needs of the particular decision 
making problem such as MOIRA-PLUS which 
incorporates MAUT (Monte L. et al., 2009). 
 
Outcome of qualitative comparison 

The outcomes of the partial comparisons 
through objectives, assumptions, methodology, 
advantages-disadvantages for the user and 
applications are presented in Table 2. 
 
Conclusions 

Seven MCDA methods were compared for 
understanding which one fulfils better the needs of 
DMs for evaluation of climate change policy 
mixtures. The comparison demonstrated also the 
existing limitations of the methods and pinpointed 
directions for further research. 

                                                 
25 http://www.lamsade.dauphine.fr/spip.php?article236 
26 http://www.ivm.vu.nl/en/projects/Projects/spatial-
analysis/DEFINITE/index.asp�
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Table 1: Application of multi-criteria evaluation methods for climate M/A policy issues. 

No. Evaluated policy options   Used method(s) Authors 
1.  Policy options for improving the EU-ETS/climate change policy AMS Clo S., Battles S., Zoppoli P., 2013  
2.  Policy mechanisms for dissemination of EE and RES in Brazilian building 

sector   
PROMETHEE de Melo Augustus Conrado, de Martino 

Jannuzzi G., Tripodi Aline F., 2013 
3.  Climate change adaptation approaches Fuzzy AHP Sanneh E. S.,  et al., 2013 
4.  Strategies for coastal management/climate change policy Stochastic Multi-criteria Acceptability Analysis Felix A., et al., 2012  
5.  Three policy goals linked with RES in Taiwan AHP Chen Y.C. et al., 2011 
6.  Twelve GHG Emission Mitigating Policy Instruments for Trinidad and Tobago AMS Blechinger P., Shah K., 2011a; 2011b 
7.  Three policy scenarios for the penetration of RES-E in Greece AMS Kampezidis H. et al., 2011 
8.  Policy scenarios (mixture of climate change policy instruments) AHP-PROMETHEE Turcksin L. et al., 2011 
9.  Six renewable energy sources as policy options for Taiwan Fuzzy AHP Shen Y.C. et al., 2010 
10.  Three subsidy schemes for promoting Photovoltaic technology in Cyprus AHP, ELECTRE, PROMETHEE Theodorou S. et al., 2010 
11.  Policy scenarios (options without support by defined policy instruments) NAIADE Browne D., O’Regan B., Moles R., 2010 
12.  Feed-in-tariffs, carbon tax and combined scheme/ MCA  (pairwise comparisons – AHP, sum 

preferences according to scale) 
Grafakos S., Flamos A., Oikonomou V., 
Zevgolis D., 2010 

13.  adaptation options under one of 
the scenarios of the Royal Netherlands Meteorological Institute 

Multi-criteria analysis, weighted summation de Bruin K., et al., 2009 

14.  Twelve policy scenarios for low-carbon development in Bangkok (Thailand) AHP and MAVT Phdungsilp A., 2010; 2006 
15.  Six adaptation actions for mitigating increased water consumption for Georgia 

basin in Canada 
ELECTRE III X.S. Qin et al., 2008 

16.  Six transport policy options  AHP Berrittella M. et al., 2008 
17.  Twenty four energy efficiency initiatives ELECTRE TRI Neves L.P. et al., 2008 
18.  Five scenarios for the increased use of RES in Austria PROMETHEE Madlener R. et al., 2007 
19.  Four scenarios for the power generation sector in Greece PROMETHEE Diakoulaki D, Karangelis F., 2007 
20.  EU-ETS performance in eight EU member States AMS Konidari P., Mavrakis D., 2007 
21.  Flood management option/ Approach  of DETR/MCA analysis –Rank sum 

and Rank order centroid 
(Kenyon W., 2007) 

22.  Two pairs of instruments for climate policy interactions under the Hellenic 
policy framework 

AMS Konidari P., Mavrakis D., 2006 

23.  Thirty five options in three sectors (energy, transportations, forestry) of Peru AHP and PROMETHEE Borges P.C., Villavicencio A., 2004 
24.  Twenty seven CO2 reduction measures for the period 2000–2010 in the Greek 

energy sector 
ELECTRE TRI Georgopoulou H. et al., 2003 
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Table 2: Comparison of methods. Three scales are used with three levels each (High (High+, High 0, High -), Moderate (Moderate +, Moderate 0, Moderate -) and Low (Low+, Low 0, Low -
)). 

 
 AHP Fuzzy AHP MAUT SMART  AMS PROMETHEE ELECTRE 
Need 1        

Set of criteria/sub-criteria High 0 High 0 Moderate + Moderate + High + Moderate - Moderate + 
Form and provide information  High - High - High - High - High + Moderate - Moderate 0 

Need 2        
Mathematical and procedural background High 0 High 0 High 0 High 0 High 0 High 0 High 0 

Main elements High 0 Moderate + Moderate - Moderate - High 0 Moderate 0 Moderate + 
Need 3        

Flexibility in inputs High 0 High 0 High 0 High 0 High 0 High - High - 
Ease to use High  0 Moderate 0 High - High - High + Moderate 0 Moderate + 

Low requirements in time and efforts Moderate 0 Moderate 0 Moderate + Moderate + Moderate + Moderate 0 Moderate 0 
Available software High+ Moderate - Moderate 0 Low + Low + Moderate + Moderate 0 

        
Total  High 0 High - High - Moderate + High 0 Moderate + Moderate - 
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AHP and AMS rank first followed by 
PROMETHEE. The main disadvantage of AHP is 
the excessive number of pairwise comparisons 
needed in determining weight coefficients and 
performance particularly for assessing one proposed 
Directive in the respective European Union level of 
25 countries, (Konidari P., Mavrakis D., 2007). The 
calculations are tremendous for an international 
level policy instrument such as the three Kyoto 
Protocol mechanisms. The combination of AHP 
with any other MCDA method reduces this number 
of pairwise comparisons and makes its application 
more flexible and feasible. This is the case of AMS.  

Although MAUT and SMART are not preferred 
as much as AHP, their combination with AHP 
produced a more preferred method compared to 
them, the AMS.  

Since the application of PROMETHEE is equivalent 
with that of MAUT and SMART, a combination of 
AHP and PROMETHEE might be also successful in 
fulfilling the needs of such an evaluation, as long as 
the preference function of each criterion and the 
value of its thresholds (indifference, strict 
preference) are determined correctly (Behzadian M. 
et al., 2010). Further research on such combinations 
need to be conducted. 
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Abstract 

The Energy for Mayors was launched, in order to support the EU climate and energy strategies towards a smart 
sustainable energy future by “involving European cities and towns in sustainable energy planning, reducing 
energy consumption and increasing the share of Renewable Energy Sources (RES)”. The Sustainable Energy 
Action Plan (SEAP) is a formal commitment describing how authorities need to move towards a sustainable 
energy future.  The current paper is focused on the development and the assessment of SEAPs for seven 
municipalities of the broader Thessaloniki Area. Under municipal planning the main sectors affected by local 
policies are municipal buildings, public transport and municipal services.  The potential for energy conservation in 
municipal buildings and the manner by which the SEAPs aim at utilizing this potential will be presented and 
assessed in this study. In order to achieve this, a methodology was developed and applied taking under 
consideration specific objectives and targets were selected for each municipality, taking under consideration the 
characteristics of the area, such as topographic and microclimatic parameters, along with the size of population, 
the housing density and the municipal infrastructure in terms of buildings (Karakanias et al., 2010; Theodoridou et 
al., 2012). The action plans were considered with respect to the type and use of buildings, the sort of interventions 
possible and the expected outcomes. Emphasis was placed on improving or maintaining, depending on the current 
situation, the levels of thermal comfort and indoor air quality. Last but not least, recommendations and guidelines 
were elaborated, regarding the process of developing an effective and efficient local energy strategy in terms of 
administrative and financial planning (UNEP, 2007; ürge-Vorsatz et al., 2007). 

 
Introduction 

Since 2006, the European Commission is trying 
to establish a common European policy on energy 
via a plethora of directives, papers, resolutions, such 
as the “Green Paper: A European Strategy for 

Sustainable, Competitive and Secure Energy” 
[COM(2006) 105 final], the “Energy 2020: A 
strategy for competitive, sustainable and secure 
energy” [COM(2010) 639 final], the “Energy 
Roadmap 2050” [COM(2011) 885 final], the Energy 
Efficiency Plan [COM(2011) 109 final] and the 
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“Green Paper: A 2030 framework for climate and 
energy policies” was issued recently [COM(2013) 
final 169].   All initiatives are focused on priorities 
that include the following:  

�  The promotion of energy efficiency and the 
reduction of greenhouse gas (GHG) 
emissions; 

�  The establishment of an integrated energy 
market; 

�  The empowerment of consumers ensuring the 
highest possible level of protection and 
security; 

�  The promotion of energy technology and 
innovation; 

�  The support of the external dimension of the 
European energy market. 

Towards a smart sustainable energy future, the 
Energy for Mayors (URL 1), a project run under the 
Intelligence Energy Europe, was launched aiming at 
supporting the EU climate and energy strategies by 
“involving European cities and towns in sustainable 
energy planning, reducing energy consumption and 
increasing the share of renewable energy sources 
(RES)”. By this means the Covenant of Mayors, a 
European initiative for climate protection, is also 
enhanced (URL 2). The Covenant of Mayors intents 
to join the European cities and towns in combating 
climate change and its effects. Local authorities are 
thus committed to go beyond the European climate 
and energy objective set for 2020 by decreasing 
carbon dioxide (CO2) emissions in their regions by 
at least 20%. The successful implementation of the 
Covenant of Mayors is supported by the Energy for 
Mayors project involving the development of 
Sustainable Energy Action Plans (SEAPs) in 
selected municipalities and further the assessment of 
the SEAP results in the energy management in the 
studied urban areas. SEAP is a formal commitment 
towards a sustainable energy future describing the 
direction in which authorities need to move. The 
specific objectives and targets are selected following 
the comparison with the current situation set as 
baseline, while the financial framework is 
determined taking under consideration conditions 
and limitations of local budgets. The objectives and 
goals to be adopted should follow the concept of 
SMART objectives, that is specific, measurable, 
achievable, realistic and time-bound (Covenant of 
Mayors, 2010). 

Moreover, the development of SEAPs in the 
Energy for Mayors will support the application of an 
Energy Management System (EMS) according to 
the ISO 50001 standard in selected pilot 
municipalities. This means that a set of additional 
requirements for organizations will be established, 
as also discussed in the C40 Cities Climate 
Leadership Group (C40, URL 3), a network of the 
world’s megacities committed to addressing climate 
change, that is: 

�  the development of an energy efficiency policy  
�  the set of specific targets and objectives so as to 

meet the adopted policy 
�  the effective use of available data towards 

decisions about energy use 
�  the assessment and the review of the results on 

how policy works, and 
�  the continually improvement of the energy 

management system. 

At a municipal scale authorities can act with 
many different roles in the energy sector such as an 
energy consumer, an energy producer and supplier, 
a regulator and/or investor, a leading motivator for 
energy efficiency strategies (Covenant of Mayors). 
According to these roles the local authorities have 
the potential to take actions and influence the energy 
usage and consumption in both ways: directly at 
their own operation and indirectly via the residents’ 
habits and energy behaviour. Among the initiatives 
local authorities can launch fostering energy 
efficiency are the following: 

�  retrofit of municipal building stock (restoration, 
standards and audits)  

�  effective management of energy transportation  
�  monitoring of fuel consumption by the public 

transport 
�  preventive maintenance of transport vehicles 
�  renewal of the transport vehicles fleet 
�  optimization of the transport communication 

schemes with a view to reduce traffic intensity 
�  preventive maintenance of street lighting 

systems and equipment 
�  use of renewable energy sources (RES) 
�  optimization of the energy distribution systems 
�  sustainable urban and local planning  
�  implementation of pilot bioclimatic 

architectural projects and civil engineering 
solutions for high energy performance. 

The Laboratory of Heat Transfer and 
Environmental Engineering (LHTEE) closely 
collaborated with the Central Macedonia Region, 
Greece in order to support the development and 
assessment of SEAPs of seven local municipalities 
of the Greater Thessaloniki Area:  

�  Municipality of Thessaloniki  
�  Municipality of Ampelokipoi- Menemeni  
�  Municipality of Koredlio- Evosmos 
�  Municipality of Delta 
�  Municipality of Lagadas 
�  Municipality of Thermaikos 
�  Municipality of Chalkidona. 

LHTEE’s main task was to consider possible 
interventions and rate their final impact in order to 
gain a 20% reduction of GHG emissions compared 
to the reference year 2001 by 2020. Towards this 
direction LHTEE had to determine the energy 
consumption in the private sector, assess of the 
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energy consumption in the municipal buildings and 
provide viable solution that can be adopted in the 
final Sustainable Energy Action Plans (SEAPs). The 
suggested solutions were analysed and evaluated 
taking under consideration the characteristics of the 
area, such as topographic and microclimatic 
parameters, along with the size of population, the 
housing density and the municipal infrastructure in 
terms of buildings (Karkanias et al. 2010; 
Theodoridou et al., 2012). The calculation of the 
suggested savings was based on the recent 
regulation of building energy efficiency (KENAK) 
and, where appropriate, the related EN standards 
(YPEKA, 2013).   
 
Current situation  

The problem of energy consumption in the 
building sector remains a complex technical and 
cost-effective problem, the dimension of which was 
initially identified in 1970 during the two oil crises. 
However, reducing energy costs by 30% in real 
terms in the period from 1991 to 2000, led to 

numerous negative, though faint, experiences. As a 
result, throughout the period of strong economic 
growth from 1994 to 2005, the increase in energy 
consumption in residential buildings, office 
buildings and public buildings in general touched 
growth of around 4% per year, essentially cancelling 
the results of any saving measures implemented in 
the 1980s. Thus, in 1980 the buildings in Greece 
absorbed 22% of total energy consumption, a 
number that had increased to 29.8 % up to 2005. As 
the price of oil to be doubled and at the same time to 
halve the income in the period 2009-2012, the 
energy performance in buildings needs to be re-
thought and re-designed (Agoris et al., 2004). As an 
example, Figure 1 presents the energy consumed in 
42 school blocks in the Municipality of Thessaloniki 
for the period 2008-2012. Buildings are capital 
intensive investments with high initial costs and 
long life (Power, 2008). In this sense, any omission, 
neglect or failure of design and construction leads to 
drawbacks and long-term additional costs.  

 

 
Figure 1. The annual energy consumption in 42 school blocks in the Municipality of Thessaloniki for the period 2008-

2012 (in kW). 
 
Causes of the problem 
 
The increase in energy consumption in buildings is 
both quantitative and qualitative: more energy is 
consumed in absolute size, while the need for 
electricity keeps rising. The foreseen estimates 
regarding the next decades are unfortunately 
pessimistic, even if effective measures are taken 
immediately, with several years required in order to 
reverse this trend (Davies and Osmani, 2011). In an 
effort to identify and analyse the current situation, it 

is essential the causes of the problem to be 
highlighted: 

 
a) The vast majority of built environment, 

accounting for 68% of the total building stock, 
is constructed before the introduction of 
Thermal Insulation Regulation in Buildings in 
1979, meaning that is not thermally insulated 
and requires huge amounts of energy so as to 
ensure acceptable comfort conditions levels in 
winter. 
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b) The insufficient insulation of buildings in the 
early years of the implementation of the 
Thermal Insulation Regulation in Buildings 
conventionally considered over the period to 
1985. 

c) The existence of old and of moderate preserved 
heating installations, leading to reduced energy 
efficiency and therefore to increased 
consumption and high environmental impact. 

d) The continuous increase in both number and 
installed capacity of systems and appliances 
that consume mainly electricity. This concerns 
residential constructions, however mainly office 
and commercial buildings. 

e) The increasingly intensive demand for 
improved living and working conditions, 
particularly as regards the thermal comfort in 
the summer, combined with the lower cost of 
equipment, led to the installation and operation 
of over 3,000,000 conditioning units. 

f) The fact that in the design of buildings the 
fundamentals of energy planning are still 
underestimated, such as the sun shading, natural 
ventilation and the use of the heat capacity of 
the building envelope. 

g) The delayed introduction of an updated, 
integrated energy regulation to the Greek 
legislation. Only in 2010 the Energy 
Performance of Buildings Regulations 
(KENAK, TEE, 2010) came into force at a time 
when, unfortunately, the construction activity 
was practically diminished. 

 
Potential interventions in public buildings 
 
Based on the foregoing findings the need for 
immediate intervention seems inevitable, both in the 
design of new buildings and the upgrading of old 
ones. The necessary interventions into categories 
corresponding to those of the causes of pure energy 
efficiency of public buildings are the following: 
 
Improving the thermal protection of the building 
shell 

The main actions focus on the retrospective 
insulation of facades, the roof and the replacement 
of openings. The problem of retrospective insulation 
of facades of a building can be solved with a variety 
of construction options. The suggested solutions 
depend significantly on the insulation position, 
internally or externally of the construction, and the 
way the coating material is applied. 

The thermal insulation of the roof is a simple 
and inexpensive process which further contributes to 
reducing cooling loads during the summer. The 
solution proposed is that of an inverted roof. Along 
with its excellent properties in terms of structural 
physics, this solution presents the important 

advantage that the existing structure needs not to be 
demolished. 

The thermal insulation of pilotis, where it 
exists, is technically the simplest intervention 
performed externally by applying the insulation at 
the roof. 

Finally, the replacement of the frames is an 
intervention type that is technically simple and 
simultaneously contributes to the sound insulation. 
The selection of the frames, as to the operation 
(opening, sliding) and the material (aluminium, 
plastic materials, wood), is associated with criteria 
of architecture functionality as well as potential cost.  
 
Improving the efficiency of heating systems 

 Satisfactory maintenance, proper settings and, 
where necessary, the application of thermostatic 
control sets, as provided by KENAK, but further the 
replacement of boilers as well as the cleaning and 
maintenance of boilers consist apparent  measures 
that unfortunately are not  engaged to the extent it 
should. However, great care must be taken to the 
appropriate training of technical personnel as 
progress in heating systems is important and require 
constant updating. 

 The fact that in Central Macedonia, and 
northern Greece in general, the heating loads are the 
most essential factor for consumption, unfortunately 
often ignored in decision-making at the central level, 
making it difficult to cover the necessary heating 
needs because of the high cost over the last years. 
 
Electric devices and installations 

 It goes without saying that the number of 
electric systems and equipment will continue to 
grow. However, special attention should be placed 
on the promotion and use of devices with low 
energy consumption based on international “green” 
standards. This concerns both the "white" appliances 
(washing machines, cookers, refrigerators) and 
office equipment. The difference in power 
consumption is estimated about 25-40 %. 
 
Air conditioning 

 Air conditioning turns out to be a difficult and 
complicated problem, since one cannot demand 
from people who live and work in a building that 
overheats not to use air conditioning. What can be 
achieved is the reduction of cooling loads, using 
mainly shading systems, natural and nocturnal 
ventilation (where feasible), better maintenance of 
air conditioning systems and their rational use 
(Atkinson et al., 2009). These measures could 
mitigate the problem, However they are not 
sufficient to prevent it. An integrated strategy is 
required to address the problem successfully. 
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Methodological Approach 

The classification of buildings was based on 
criteria such as the use and the age following the 
basic principles of the Hellenic Statistical Authority 
(2007; 2010).  

The buildings were divided according to their 
use the following categories: 
a) Residential buildings: the category includes 

houses and block of flats. 
b) Public buildings: this class includes public 

buildings that are municipal buildings, 
municipal services offices, medical and cultural 
centres, warehouses. 

c) Schools: the category refers to all school 
infrastructures that operate under the 
surveillance of the municipality. 

d) Sport centres: the class consists of open air 
grounds and indoor facilities. 

According to their year of construction the buildings 
were classifies as follows: 
a) Before 1960: non insulated with old methods of 

construction 
b) 1961 - 1985: non insulated  
c) 1986 - 1995: poorly insulated 
d) 1996 - 2010: fully insulated (according to the 

Thermal Insulation Regulation) 
e) 2011 – today: structured employing the 

KENAK. 
 

The majority of the interventions aiming at the 
potential energy saving are exposed in Table 1 and 
all possible combinations of the actions presented. 
Moreover, there are additional measures that focus 
on the potential of employing integrated air 
conditioning systems (Cooling/ Heating/ 
Ventilation), where applicable (Avgelis and 
Papadopoulos, 2010).  
 

Table 1. Potential interventions in public buildings. 
 

1 Thermal insulation of roof 

2 Thermal insulation of facades 

3 Replacement of openings 

4 Thermal insulation of pilotis 

5 Insulation of pipes 

6 Installation of solar units for hot water use 

7 Replacement of boiler 

8 Installation of automation systems 

 
In accordance with the literature, different types of 
buildings, such as typical office and mixed-use 
constructions, schools etc., were selected. 
Depending on the age of the building and 

construction characteristics, the primary energy 
consumption (Santamouris et al., 2007 and 2010) 
was calculated by the Hellenic Energy Performance 
tool TEE-KENAK. Subsequently specific energy-
saving interventions were adopted and their 
efficiency was estimated and evaluated using the 
same software (Anastaselos et al., 2011). 

The geographical location, the topography, the 
density of the built environment can affect 
considerably the microclimate of urban sites. The 
extensive use of cement, the lack of parks and 
vegetation along with heavy traffic can cause an 
extremely low thermal comfort index and thus poor 
air quality indoor and outdoor. The aforementioned 
characteristics describe the majority of the 
municipalities under study, meaning that there is an 
additional intensive need for energy. 

It is proved that specific interventions can 
significantly reduce energy costs. It is noteworthy 
that the recovery of energy from the wasted amount 
a reduction of 20 % can be achieved. If the former 
action is accompanied by replacement of 
installations with high efficiency devices and 
HVAC systems combined with the appropriate 
automation, the savings can be increased at a rate 
exceeding 50 %.  
 
Evaluation and discussion  

The analysis of consumption in different 
categories of buildings regarding the energy 
resources used as well as the use is a difficult 
process that can only be accomplished by an 
extended field research, thus leading to a “bottom-
up” analysis (Böhringer and Rutherford, 2008). 

Aiming to determine the energy consumption of 
public buildings situated in the studied 
municipalities data originated from the relevant 
published literature regarding the Region of Central 
Macedonia were required. Available information 
related to the energy performance of public and 
municipal office buildings, schools and sports 
facilities was used (Papadopoulos et al., 2002; 
Theodoridou et al., 2011a and 2011b; Theodosiou 
and Ordoumpozanis). 

Additionally, data and conclusions were 
exploited deriving from previous research activities 
of LHTEE (REASURE, 2004), on behalf of the 
Prefecture of Thessaloniki, the Energy Regulatory 
Authority and the Centre for Renewable Energy. On 
the basis of this analysis, the consumption for each 
building category was estimated describing firstly 
the current situation and secondly the respective 
foreseen figures following the implementation of the 
suggested saving measures. Indicatively Figure 2 
exhibits the energy consumption of public buildings 
in the Municipality of Lagadas as the current 
situation and the estimated figures after a set of 
interventions. In some cases, e.g. the Municipality 
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of Kordelio- Evosmos the percentages of heating 
and electric loads were presented for the different 
building categories. 

As regards the correlation of consumption (and 
saving) of energy and the carbon emissions, CO2 
emission factors were engaged as stated in the 
Technical annex to the SEAP template instructions 
document (Energy for Mayors, 2010). Concerning 
the thermal loads, in many municipalities in the 
Greater Thessaloniki Area, the majority of public 
buildings uses natural gas, and at same time there is 
a positive rising trend of natural gas installation in 
residences exceeding 67% (Slini et al., 2013). 

However, there are municipalities and districts 
where there is no network yet and hence there is 
lack of natural gas provision, such as the 
Municipality of Lagadas, in favour of oil use for 
heating purposes. It is also highlighted that the 
current analysis did not include data about the last 
two years during which, due to the deep economic 
recession and the uneven increase in the price of 
heating oil, there is a significant difference in the 
amount of energy consumed, especially in the 
residential sector, as no detailed data exist so far.  
 
 

 
 

Figure 2. The annual energy consumption of public buildings in the Municipality of Lagadas (in kW) by built year. 
 

 
In terms of electricity, however, it must be 
highlighted that the emission factor for electricity 
(that is 1,167 tCO2/MWheq) refers to 2006 and is at 
present outdated. Based on the Operator of 
Electricity Market (LAGIE, URL 4) and because of 
(a) the significant penetration of renewable energy 
(wind and solar), (b) the increase of thermal units of 
natural gas and (c) due to the reduction of electricity 
consumption, as a result of the recession, more than 
14% compared to 2009, the lignite power plants 
reduced their proportion to the electricity mix of 
Greece. Therefore this rate is estimated at 0,867 for 
2012 (Hatzigeorgiou et al., 2011). However, in order 
to be consistent with all the studies submitted to the 
SEAP, the figure specified in the Technical Annex 
was selected. 

 
Based on the calculation of energy consumption in 
current situation and calculate the potential savings 
for typical buildings where, according to scenarios 
and interventions using the computational TEE – 
KENAK tool revealed the final results for each 
Municipality. 
 

Conclusions 

The issue of energy renovation measures in 
existing buildings is important and complex, as it 
has been acknowledged by the initial Energy 
Performance of Buildings Directive and emphasized 
by its recast. The energy saving potential is 
significant, but there are barriers that have to 
overcome, technical, financial and regulatory 
problems, the technical being probably the most 
easy to deal with. Considering the harsh reality of 
Greece, a dramatic increase of energy poverty is 
already prevailing and this has been proven, as a 
result of the most dramatic drop in living standards 
experienced anywhere since World War II. The 
latest increase in energy prices is a very good 
reminder of how short-sighted the policy of 
neglecting to implement saving measures was. 
Furthermore, as those results do not take into 
consideration the tax increase on oil and the price 
increase in electricity in the winter period 2012-
2013, they are an alarming warning for the coming 
years. A change in energy policy considering both 
the support for the energy renovation of buildings 
and the taxation of energy has to take place, before 
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the energy problem will become an existential 
problem for big parts of the Greek society. 

The role of municipalities and regional 
authorities is crucial for a series of reasons: they are 
responsible for the operation of public buildings 
affecting sensitive population groups, like schools 
and centres for elderly people. They can provide the 
good example needed to promote new energy 
conservation technologies. And, what is perhaps 
most important, as the budgets of municipalities are 

getting ever tighter, it is essential to reduce 
operational costs, energy being a major component 
of those. 

Finally, international cooperation is valuable, in 
order to develop sustainable and viable energy 
action plans. Multilateral initiatives and 
implementing agreements seem to be the most 
successful way to address climate change with 
Energy for Mayors to be recognized as a successful 
example.  
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Abstract 
Transition to Green Economy is a new political course for Kazakhstan since 2013, due to the current initiatives 
(2017 Expo and Green Bridge). Emission Trading Scheme (ETS) is one of the elements of Kazakhstan Green 
Growth Framework recommended at national level and presented to the international Community. It is 
characterized as a cap and trade system with threshold of more than 20 000 tons of carbon dioxide per year and 
covering six sectors (energy, oil and gas, mining, chemical industry, agriculture and transport). The National 
allocation Plan has been developed for 2013 as a pilot phase of ETS, it covers the178 installations(enterprises) 
with total of carbon dioxide emission (allowances) in amount of 147.1 million tons. Grandfathering principle is 
used for the three years (2013-2015) ,while since 2016 the benchmarking principle for allocations will be adopted. 
Allowances from the national ETS include Kyoto project based mechanisms units and the units from the domestic 
reduction projects within Kazakhstan. Studying the existing carbon markets regarding the possibility of linking in 
the future along with strong focus on monitoring verification system are among future steps for ETS promoting. 
In conclusion, the four key steps to Green Growth are determined  for Kazakhstan, including: strong political 
leadership; active government intervention; active public participation and mobilization of global and local 
partnership. 

Keywords: Emission trading, green economy 
�

1. Introduction 

"Turan-Astana University"[1] in cooperation 
with SRC "KAZHIMINVEST" is participating in 
"PROMITHEAS-4" Project implementation in 
Kazakhstan, hosted the national seminar " 
Development of Mitigation/Adaptation in Climate 
Change Policy Portfolios for Kazakhstan" in June 
2013[2]. Transition to Green Economy is a new 
political course for Kazakhstan since 2013, due to 
the current initiatives (2017 Expo and Green Bridge) 
actively developed by the Ministry of. Environment 
Protection of the Republic of Kazakhstan (MEP) 
[3].The main tasks in the key economy sectors 
(water resources, agriculture, energy efficiency, 
power sector, air pollution and wastes utilization) 
were defined by the Working Group under MEP. 
Green house gas emissions reduction in power 
sector is one of priorities with the following targets: 
15% decrease by 2030 and 40% decrease by 2050 

[3]. Emission Trading Scheme (ETS) is one of the 
elements of Kazakhstan's innovative development 
and Green Growth Framework recommended at 
national level and presented to the international 
Community. 

2. Green Growth Concept of Kazakhstan and 
main development challenges 

Kazakhstan’s macroeconomic performance is 
the strongest in Central Asia but the oil-rich country 
faces imbalances in longer-term economic 
development. In particular, the national oil reserve 
was estimated at 39.8 billion barrels (2010), the 
country’s major revenue generator, it is expected to 
last for only 63 years Kazakhstan has significant 
gaps in energy and infrastructure sector, especially 
on appropriate policies, markets and institutional 
frameworks to allow efficient development of these 
sectors. Kazakhstan has been identified as one of the 
countries with high vulnerability and low adaptation 
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potential for climate change effects. In this regards 
the main development challenges defined are the 
following: 

• Reducing excessive dependency on primary 
industries and commodity exports, mainly oil & 
gas; 

• Addressing lack of capacity and institutional 
structure, especially in the water and energy 
sectors; 

• Protecting its fragile ecology (semi-desert 
geography) from the adverse impacts of climate 
change.  

Kazakhstan's long-term national vision on 
innovative development is based on the "Strategic 
Plan 2020" (President Order No.922 dated 2010) 
[5]. In 2010, a national report on the" Integration of 
Green Growth Tools in the Republic of Kazakhstan" 
was presented at the 3rd Astana Economic Forum 
and at the Sixth Ministerial Conference on 
Environment and Development in Asia and the 
Pacific (MCED-6), Astana. 

The Green Growth Concept in Kazakhstan is 
concerned with integrating environmental security 
and resource efficiency considerations at the heart of 
country’s economic development planning and 
implementation; accepts a country’s growth targets 
as a given rather than trying to adapt or subordinate 
them to a particular environmental agenda; analyzes 
the policy options that could yield significant co-
benefits for growth and environmental protection 
and resource security within the economy or within 
its significant sectors; is a practical attempt through 
economic policy to operate the normative 
frameworks represented by the sustainable 
development and seeks to fuse sustainable 
development’s three pillars into a single intellectual 
and policy planning process, thereby recasting the 
very essence of the development model so that it is 
capable of realizing sustained economic growth 
while safeguarding or improving the environment. 

In order to be Green Kazakhstan beyond the 
expected Top Green Nation in Central Asia it is 
recommended to develop three strategic directions, 
such as: Green existing asset; promoting new 
growth engine through industry restructuring and 
building the foundation for the sustainable green 
growth. These goals could be achieved by enhancing 
energy efficiency, good management of water 
national system, providing strategic reforms in 
industry, creating green education and jobs, 
mitigation of green house gasses (GHG) emissions, 
providing fiscal support of activities, further 
developing of legislative and institutional reform. 
 
3. Kazakhstan climate change policy and 
institutional framework  

Kazakhstan ratified Kyoto Protocol in 2009 and 
intended to be included in Annex B of it. In 2010, 

the "Plan of the Republic of Kazakhstan on the 
Transition to Low-carbon Development till 2050" 
was published. According to it the voluntary 
obligation to decrease the greenhouse gases (GHG) 
emissions by 15 percent by 2020 and by 25 percent 
by 2050 compared to the 1992 level. The 
implementation of this plan would mean that the 
country would meet its commitments entered into 
before the world community on quantified targets on 
the reduction of GHG emissions, improving energy 
safety and living standards. 

The following priority areas of low-carbon 
development were specified in the Plan name above: 

�  Improvement of energy efficiency to reduce 
the expected level of energy consumption; 

�  Acceleration of renewable energy 
development (hydro, wind, biomass, waste, 
solar and geothermal);  

�  Regulation of national GHG emissions 
through the organization and functioning of 
the national market of quotas for GHG 
emissions; 

�  Population awareness raising on climate 
change  

According to the outcome of the negotiations 
during the 17th Conference of Parties in Durban it 
seems likely that Kazakhstan will be an Annex B 
party to the second commitment period of the Kyoto 
Protocol (2013-2017 or 2013-2020), with full access 
to the trading mechanisms of the Kyoto Protocol. 
According to the Durban decisions [6] the specific 
rules for the second commitment period (CP2) of 
the Kyoto Protocol are the following: 

�  Limitation of authorized emission for CP2 
above average 2008-2010 levels; 

�  Carrying-over of allowances and credits 
from the first commitment period of the 
Kyoto Protocol under conditions: 

• Full carrying-over of  Assigned 
Amount units (AAUs); 

• Limited carrying-over for Certified 
Emission Reduction (CERs) and 
Emission Reduction Units (ERUs); 

• Use for compliance in CP2 authorized. 

The calculations of GHG emissions on the second 
commitment period of the Kyoto Protocol (KP-CP2) 
for several countries including Kazakhstan 
compared to 2008-2010 emissions after 
implementation of new rules according to Durban 
decisions are presented in the Table 2.  

One of elements of mitigation policy and 
elements of "Green Growth economy" of 
Kazakhstan is Emission Trading System (ETS). The 
ETS is part of the Government’s green agenda and 
will help Kazakhstan achieve its Kyoto Protocol 
emission reduction target of minus five per cent by 
2020 compared to 1990 levels. 
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Table 1: Commitments in Kyoto Protocol - second commitment period (KP-CP2) (Source: CDC Climate Research,  
available at:http://www.cdcclimat.com/CDC-Climat-Research-s-publications.html) 

 
Country Base year 

emissions (1990 
for most 
countries) 
(MtCO2eq.) 

Commitment KP-CP2 pledged 
by countries (2013-2020) 

compared to base year 

Commitment KP-CP2 
compared to base year 

after limitation at 2008-
2010 levels 

Commitment KP-CP2 
compared to 2008-20101 

emissions after 
implementation of new 

rules (carry-over and 
limitation at current levels) 

Australia 548 -0.5% -0.5% -3% 

Belarus2 139 -12% -36% 0% 

Croatia3 31 -20% -20% -10% 

EU-274 5,772 -20% -20% -2% 

Iceland3 3 -20% -20% -33% 

Kazakhstan2 360 -5% -29% 0% 

Liechtenstein 0.2 -16% -16% -22% 

Monaco 0.1 -22% -30% -11% 

Norway 50 -16% -16% -19% 

Switzerland 53 -15.8% -15.8% -16% 

Ukraine 921 -24% -58% + 87% 

TOTAL 7,878 -18% -24% + 4% 

TOTAL excl. EIT5 6,457 -18% -18% -2% 

 
 Carrying-over calculation is based on 2008-2010 emissions. Notes:  

1A positive percentage indicates that the average annual emissions for the 2008-2010 period (including credits and debits under "Land 
use, land use change and forestry"( LULUCF) are above the permitted emissions under the KP-CP2. The year 2010 is the latest year 
for which data have been validated in the framework of the United Nations Framework Convention on Climate Change (UNFCCC). 
2 Amendments including Belarus and Kazakhstan for the first period of the Kyoto Protocol (KP-CP1) have not been ratified so far. 
3 Croatia and Iceland will fulfill their commitments jointly with the European Union (EU) in accordance with Article 4 of the Kyoto 
Protocol. 
4 The EU-27 countries have differentiated commitments under the KP-CP1. The provided data therefore aggregates those of the 
concerned countries. According to the European Climate and Energy Package, countries are not allowed to use their surplus of AAUs 
for 2013-2020. 
5 EIT: Economies in transition. Here, only non-European countries are included: Belarus, Kazakhstan and Ukraine. 
�

The Ministry of Environmental Protection 
(MEP) is the central executive body coordinating 
and leading the development and implementation of 
government policies on environment protection and 
management, including climate change issues. The 
Ministry of Environmental Protection (the Low 
Carbon Development Department) is primarily 
responsible for the implementation of the Kazakh 
ETS. The “Kazakh Research Scientific Institute on 
Ecology and Climate” (KazNIEK) is developing 
regulation to support emissions trading. Several 
other ministries are involved through coverage of 
their respective sectors in the mitigation policies. 
The oil and gas and energy companies play an 
important role in implementing innovation 
development, energy efficiency programs and 
utilization plans that affect the level of emissions. 
 
 
 
 

4. Emission Trading Scheme in Kazakhstan 

In 1990, Kazakhstan’s direct carbon emissions 
were 360 million tons [7]; this dropped to 189 
million tons in 2000 and since then both the 
country’s economy and its emissions have 
recovered: in 2009 Kazakhstan emitted 261 million 
tons of greenhouse gases (without LULUCF), a 28 
% increase over 2000 levels, while in 2010 
Kazakhstan emitted 262.72 million tons of CO2 
equivalent27, a 6.5% decrease to 2009 level.  Energy 
activities, which is heavily based on coal, is an 
important source of emissions in the country, 
including 245.9 million tons of GHG emissions or 
84% of total in 2009 (see Figure 1) while the 
renewable energy potential is largely untapped.  

Motivating the industries to follow up on their 
pledges is one of the reasons for the introduction of 
the emission trading scheme (ETS) in Kazakhstan.

                                                 
27 :http://www.climate.kz/rus/?m=html&cid=42 
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Figure 1 – GHG emissions time series in Kazakhstan for the years 1990-2009 ( in Gg of CO2 equivalent). 

Source: National inventory Report,2009, KAZNIEK available at:www.ecoclimate.kz 
�

Table 2. National Allocation Plan 2013 per sector in Kazakhstan Source: Annex 1 of the  National  Allocation Plan 
2013, Governmental Decree No.1588 dated 14.12.2012 -  available at: online.zakon.kz/Document/?doc_id=31313146� 

Sector of economy 
Number of 
installations 
(enterprises) 

Number of allowances (tons  
of CO2) 

The volume of the quota (including 
commitments to reduce to 0% of 

2010bbaseline emissions), tons of CO2 
Energy  55 84 002 771.97 84 002 773 

Oil and Gas  69 19 773 943.61 19 773 944 

Industry 54 43 413 375.40 43 413 375 
Total 178 147 190 090.98 147 190 092 

 

The National Emissions Trading Scheme 
(Kazakh ETS) is established and entered into force 
since 1 January 2013 with its pilot phase (2013-
2014) according to the amendment by the law No. 
505-IV entitled "On Amendments and Additions to 
Certain Legislative Acts of the Republic of 
Kazakhstan concerning Environmental Issues" 
(further the Law "On Amendments") adopted on 3 
December 2011.  

According to this law the amendments are done 
to  Kazakhstan's "Ecological Code"28 dated 7 
January 2007 with attention to State regulation of 
emissions and removals of greenhouse gases. It 
covers entities with overall annual emissions 
exceeding 20,000 tons of carbon dioxide (CO2) 
within the specific economic sectors (agriculture, 
transport, oil and gas, mining and metallurgy, the 
chemical industry, and energy) [4] will be 
prohibited by law to operate unless they have 

                                                 
28 Statement of the Parliament  of the Republic of 
Kazakhstan, 2007, available at:�
http://adilet.zan.kz/rus/docs/Z1100000505 
�

obtained allowances for GHG emissions from the 
Ministry of Environmental Protection of Kazakhstan 
(MEP).  More than half of Kazakhstan’s emissions 
reported in 2010, a total of 145 million tons of GHG 
emissions from approximately 178 installations, is 
covered by the emission trading scheme in 2013. 
Emission Trading scheme (ETS) in Kazakhstan is 
characterized as a cap and trade system:  

- capping of emissions via distribution of tradable 
emission quotas (1 quota = 1 ton of greenhouse gas, 
expressed in its CO2 equivalent); 
- a quota price depends on the level of restriction 
imposed by the authority (ratio of supply and 
demand); 

ETS pilot phase (2013 -2014) covers 147 
million tons of carbon dioxide equivalent (see Table 
1) plus 20.6 tons of carbon dioxide equivalent 
reserve, it is presented in the "National allocation 
Plan"[8] approved by Governmental Decree 
No.1588 dated 14.12.2012. Reserve is created for 
new installations, expansions at existing 
installations, and for price management. For this 
period it covers only carbon dioxide emissions, but 
methane and nitrous oxide must be reported. 



 
6th International Scientific Conference on Energy and Climate Change, 9-11 October 2013, Athens - Greece 

 78 

According to the approach applied the free 
allocations are determined on the basis of historical 
emissions, in particular, in the pilot phase (2013) 
100% free allocations are given based on the 2010 
emissions.  

The penalties in Kazakhstan may apply from 
2014 onwards for companies that exceed their 
emissions cap. A carbon price is thus expected to 
develop, which provides incentives to invest in 
energy efficiency, dependent on a company’s 
marginal abatement cost curve. The scheme also 
allows for the use of credits from emission reduction 
projects in sectors not covered by the ETS 
(‘domestic offset projects’). Emission reduction 
projects in the following sectors are prioritized, 
meaning that fast-track procedures apply: mining 
and metallurgy (non-CO2 gases), agriculture, 
housing, forestry, prevention of land degradation, 
renewables, municipal and industrial waste, 
transport and energy efficient construction. In the 
second phase (2014-2020) the free allocations are 
based on the emissions over the last two years 
preceding the new period, aligned with the program 
for GHG emissions reduction that the operator 
submitted when entering the ETS. For the 
competitiveness purposes the priority sectors that 
should receive free allocation of allowances are 
defined. These are the same sectors that are 
currently covered by the ETS plus the petrochemical 
sector. Currently only domestic offsets are allowed 
under ETS, mobilized by conversion into 
allowances from the reserve. The ETS supporting 
regulation adopted by the government includes 17 
Government decrees and 14 Ministerial orders [4]. 
The National allocation Plan has been developed for 
2013 as a pilot phase of ETS, it covers the178 
installations(enterprises). Grandfathering principle 
is used for the three years (2013-2015) ,while since 
2016 the benchmarking principle for allocations will 
be adopted. Allowances from the national ETS 
include Kyoto project based mechanisms units and 
the units from the domestic reduction projects 
within Kazakhstan [9]. The ETS is considering 
linking to the European ETS and potentially other 
schemes, it is planned to be implemented based on 
the mutual agreements. The conditions of the use of 
the mutual recognized allowances will be specified 
in the national allocation plan of the next period 
(2014-2020). 

5. Registry, monitoring reporting, verification 

The operators participants of the ETS follow 
detailed monitoring and annual reporting 
procedures. The annual GHG inventory reports must 
be verified by independent accredited organizations. 
The state registry is under development recently. All 
allowances and domestic offsets are to be registered 
in the State registry. After Kazakhstan has reached 
an international agreement on climate change and 
ratify Kyoto Protocol- 2 all carbon units can also be 

held in the State registry. Three government decrees 
and six ministerial orders regulate the monitoring, 
reporting and verification system in 
Kazakhstan[10], nevertheless the regulation needs 
further development. 
�
6. Key findings and conclusion 

Transition to green economy is attractive for 
Kazakhstan and will help to realize its ambition of 
becoming one of the top-30 most developed 
countries. It is expected that the innovative 
development by 2050 will increase employment of 
more than 450.000 jobs, establish the new industrial 
and service sectors. Studying the existing carbon 
markets regarding the possibility of linking in the 
future along with strong focus on monitoring 
verification system are among future steps for ETS 
promoting.  

Allowances and domestic offsets are registered 
in the state registry. After Kazakhstan has reached 
an international agreement on Climate change, 
AAUs, ERUs, CERs and removal units (RMUs)29 
can also be held in the state registry according to 
MEP Orders No.147-e dated and No.148-e dated 
10.05.2012[10]. The mutual recognized allowances 
can be used in the Kazakhstan ETS for compliance 
only upon the establishment a bilateral or 
multilateral agreements between Kazakhstan and 
other countries. 

In conclusion, the four key steps to Green 
Growth are determined for Kazakhstan, including: 
strong political leadership; active government 
intervention; active public participation and 
mobilization of global and local partnership. 
The key steps to Green Growth include: strong 
political leadership, active Governmental 
intervention (top-down approach), active 
participation from the public(bottom-up approach) 
and Mobilizing  of Global and Local Partners. 
Further steps for promoting ETS in Kazakhstan 
include: 

�  Improving the national legislation  
�   Designing National allocation Plan for the 

second period  
�   Selecting an exchange for distribution of 

the reserve to new installations  
�   Improving the data management systems  
�   Establishing the ETS Registry  
�   Studying the existing carbon markets 

regarding the possibility of linking in the 
future 

�  Strong focus on  monitoring, reporting and 
verification system 

                                                 
29 
http://unfccc.int/kyoto_protocol/mechanisms/emissions_tr
ading/items/2731.php 
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changes 

 
Dr. Rovshan KARIMOV , 

Institute of Geography, Azerbaijan National Academy of Sciences 
  

Abstract 

Energy industry considerably affects climate changes, and this necessitate carrying out of studies on production of 
clean and efficient energy. Transition to wide use of environmentally safe sources of energy in practice is also 
needed. The economy of the Republic of Azerbaijan significantly bases on petroleum- and gas industry due to the 
rich fuel reserves. In the country, the process of transition to use of alternative resources of energy is at beginning 
stage of its development. The aim of the research is to: 
- Study the influence of energy industry on air pollution in Azerbaijan and 'power capacity' of the country; 
- Study the change of amount of harmful substances, emitted in energy industry and responsible for greenhouse 
effect.  
- Analyze and study the potential of use of clean energy in Azerbaijan. 
The expected outcomes are: 
- Identify the changing role of energy industry in change of air quality in Azerbaijan; 
- Assessment of the actions on transition to clean energy, implemented by the government of Azerbaijan in recent 
years; 
- Scientific substantiation of potentials of using wind- and solar energy in the territory of Azerbaijan with putting 
forward proposals. 
  
Key words: sustainable development, green industry, alternative resources, fuel, wind energy, solar, clean energy 
 
Introduction 

After recognition of necessity of sustainable 
development at Rio-92 Conference, all countries in 
the world started to follow this aim for reaching 
benefits of sustainability. It is obvious that 
development does not mean only preventing 
socioeconomic challenges, reducing poverty and 
improvement of living. Strong economic 
development requires sustainable content at present, 
because humanity and the next generations need 
sturdy future of the Earth. Being exposed to 
pressure, the world changes, and this is seen by 
climatic hesitations and abnormalities, increasing 
natural disasters, developing land erosion, 
challenges in effective and qualitative water supply, 
contamination-related deceases, etc. It should be 
regretfully mentioned that many economies in the 
world still develops dirty technology as well as 
unsafe production. 

Heavy impact on nature is made considerably 
by industries, and it is no by chance that the concept 
of sustainable development later was followed by 
another conception – 'Greening of industry' which 
targets progressive technology and effective 
management, wise functioning, less environmental 
damage and high productivity. Significant part of 
sustainable development programs includes aim of 
production of cleaner energy and greening of 
industry in most countries. Considerable role is 
played by use of alternative resources, including 

solar- and wind energy as growing and more 
effective and environmentally efficient way of 
energy production. 

Changes of air temperature in Azerbaijan 

Energy production in the world closely relates 
to climate events. Carbon emissions and other 
emitted substances, their amount and composition 
affect the air quality. Change of the air quality in its 
turn affects climate events. In this study, analysis of 
climate changes is given on hesitations in air 
temperature in the territory of Azerbaijan. 

Global climate changes are reflected in 
interrelations of regional climatic changes. As an 
integral part of the world, Azerbaijan experiences 
climate changes. In 2007, the intergovernmental 
group of experts from the Caucasus countries 
concluded that climate changes are underway, and 
this process is influenced in particular due to 
anthropogenic reasons, especially within the last 50 
years. The studies carried out show that hesitations 
were observed on atmospheric circulations in the 
territory of Azerbaijan within the last 100 years. In 
1906-2005, the average global temperature has been 
increased by 0,74°C. According to comparative 
statistical comparisons of data, fixed at points of 
Gadabay, Alibay, Griz and Altiaghaj (mountainous 
areas of the Great- and Less Caucasus) during the 
period from 1991 to 2008, the temperature of air has 
been increased by July, August, September and 
October (Safarov, Huseynov, 2010). The climate 
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hesitations affect regime of flow of rivers, 
vegetative cover and landscapes. These processes 
lead to changes in decrease of areas of mountainous- 
and forest landscapes, including areas of forests and 
bushes, and also decrease and intensive degradation 
of high mountain- and the subalpine meadows in 
Azerbaijan. 

The obvious climate anomalies were observed 
also by points of Agstafa, Samukh and Shamkir, the 
north-western part of Azerbaijan. Comparative 
analysis based on data of 1961-1990 and 1991-2005 
periods shows that anomaly of air temperature in 
average is basically 0,4-1,6°C. Anomalies take place 
basically during summer season at Aghstafa point 
located in Ganka-Gazakh plain near the border with 
Georgia on the west, making up to 1,7°C. At 
Samukh point, the Jeyranchol area anomaly of air 
temperature makes 0,4-1,6°C. Here the anomalies 
take place mainly in August (1,7°C). At Shamkir 
point, anomaly of air temperature makes 0,4-1,3°C. 
Here the anomalies take place mainly in August, and 
makes up 1,3°C. It is expected that the air 
temperature will be increased by 0,2-0,4°C within 
the next 20-25 years in the territory of Azerbaijan 
(Israel Y. 2008).  

‘Development Program on hydrometeorology in 
Azerbaijan Republic’ has been endorsed in 2004, 
and includes functions of carrying researches on 
hydrometeorology, assessment of climate changes 
and their impact on the environment as well as the 
study and prognostication of the related dangerous 
events. 

Energy production and air pollution 

In Azerbaijan, quality of the air is significantly 
influenced by stationary sources, including 
industrial areas, namely oil- and gas production, 
petrochemical industry, chemical plants, 
construction enterprises, textile industries, and 
others. Particular role here is played by the power 
industry, responsible for the emission of harmful 
substances (table 1). 

Energy industry, oil- and gas extracting 
enterprises contribute about half of harmful 
substances, emitted in the territory of Azerbaijan. 
Among objects of energy industry, heat power 
stations using fuels bear major responsibility . 
Power stations, operating on the basis of fuels are 
located in Baku, Sumgait, Ganja, Mingachevir, and 
Shirvan. 

The largest power stations include ‘Shimal’, 
located in Baku city, ‘Azerbaijan’ State Regional 
Power Station near Mingachevir city, another SRPS 
located 10-15 km off Shirvan city, and also the five 
heat- and energy centers located in Baku, Sumgait 
and Ganja. Operation of all these stations is 
managed by ‘Azerenergy’ Stock Company. The 
mentioned enterprises shares 80% of the overall 

capacity of power stations. The projected generation 
power of stations makes up 4,5 thousand mWt, but 
in reality they operate at 70-75% of capacity. The 
considerable advancement is that the power stations 
of Azerbaijan started to use only natural gas instead 
of hard black oil. This allowed sharply reduce 
harmful wastes, namely the amount of nitrogen 
oxide by 29% as well as the amount of sulfur-oxide 
by several times (Sh. Mammadova, 2007). The 
concentration of sulfur dioxide has been reduced in 
the air of Baku city from 0,025 to 0,015 mg/m3 
within 2004-2010. Emission of fluoral compounds 
and hard substances in the air is also considerably 
reduced due to the mentioned progressive transition 
in use of fuel. Power stations operating with natural 
gas are responsible for 34 tons of carbohydrogenic 
compounds, 20 thousand tons of nitrogen oxide, 
20,4 thousand tons of sulfur oxide, and 500 tons of 
harmful substances emitted into the air. In 1996-
2003, the amount of harmful wastes emitted by fuel-
using power stations reduced by 61%, making 13% 
of the overall emission fixed by stationary sources 
located in Baku, Sumgait, Ganja, Mingachevir and 
Shirvan.  

In 2000-2007, the amount of heat energy was 
41,2 million Gcal. The amount of electroenergy 
produced by heat power stations made up 150,8 
million kWt/hour or 89,4% of the total indicator 
(Environment in Azerbaijan, 2008).  

Energy intensity 

One of indicators, reflecting level of sustainable 
development, is non-carbonization. In recent years, 
use of different indexes is widely carried out when 
analyzing sustainable development of countries. 
These indexes include energy intensity (I), carbon 
intensity (II), and differences between carbon and 
energy intensities (III) in countries. Energy intensity 
is measured by proportion between the amount of 
used energy and GDP of the country. Energy 
intensity of the country remains constant if 
proportion and energy efficiency of energy 
resources is constant. Energy capacity is different by 
countries. As for carbon intensity, it is measured on 
the basis of proportion of carbon emission and GDP, 
and indicates the amount of carbon emissions per 
unit of GDP. Here carbon intensity of fuel as well as 
share of fuel energy within overall energy 
production is taken into consideration. According to 
Mehtiyev M. and Suleymanov G., energy intensity 
index (I) is much more in Azerbaijan compared to 
Georgia, Iran (by about 2,3 times), India (by 3,5 
times) and Moldova (by 3 times), and is less than 
that of Ukraine. As for carbon intensity index (II), 
for this indicator Azerbaijan surpasses Iran and 
India by 2,5-2,7 times, Egypt by 4,8 times, and 
Georgia by 2,4 times. Energy intensity (I) and 
carbon intensity (II) are nearly the same for 
Azerbaijan and Ukraine. 
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Table 1: Amount of gases emitted from stationary sources and responsible for arising of greenhouse effect in 

Azerbaijan (thousand ton). 

 
However, the main indicator that clearly shows 

sustainability, is a difference between carbon and 
energy intensities (III), which is lower in Azerbaijan 
whereas is much more in ‘high-carbonized 
countries’ like Moldova and India, whereas this 
indicator is lowest in France and Ukraine, showing 
that these two countries are the ‘non-carbonized’ 
(Mehtiyev, M., Suleymanov, G. 2013.  pp.273-274). 
As seen, achieving progress on sustainable 
development requires more effective energy 
production in the future in Azerbaijan as well as in 
other CIS countries.  

Energy production and sustainable development 
way of Azerbaijan 

In Azerbaijan, juridical base of realization of 
the concept of sustainable development has begun to 
be formed since the second half of 90s. National 
laws on different aspects of sustainable development 
were officially adopted in different periods, 
including Laws ‘On Protection of Plants’ 
(03.12.1996), ‘On Keeping Human Health’ 
(25.07.1997), ‘On Fishing’ (27.03.1998), ‘On 
Protection of Environment’ (08.06.1999), ‘On 
Protecting Animal World’ (08.06.1999), ‘On 
Environmental Security’ (08.06.1999), ‘On 
Protection of Atmospheric Air’ (03.03.2001), ‘On 
Obligatory Ecological Insurance’ (12.03.2002), ‘On 
Ecological Education and Enlightenment’ 
(10.12.2002), ‘On Environmentally Safe 
Agriculture’ (16.06.2008) as well as others. ‘Plan of 
Complex Arrangements on Improvement of 
Ecological Situation in Azerbaijan within 2006-
2010’ has been implemented. National Programs on 
‘Environmentally Sustainable Socioeconomic 
Development of Azerbaijan Republic’ and 
‘Restoration and Enlargement of Forests in 
Azerbaijan Republic’ (18.02.2003) as well as 
programs of ‘Rational Use of Summer and Winter 
Pastures and Hayfields, and Prevention of 
Desertification’ (22.05.2004) are also should be 
noted. 

The State Program of ‘Development of fuel- 
and energy complex in Azerbaijan Republic‘ (2005-
2015) includes duties such as: ‘Up-to-date 
development of energy industry’; ‘Providing 
ecological security in fuel- and energy complex’; 
‘Realization of advanced technological measures on 

production, transition and consumption of energy 
resources’, and etc. Many commitments on 
developing energy efficiency have already been 
carried out. 

On the background of adoption and 
implementation of these official documents, 
Azerbaijan is on the way of taking advantage of 
climatic resources. In the condition of plenty of fuel 
resources, process of transition to use of alternative 
energy resources, including wind- and solar energy 
has been developing relatively slowly in Azerbaijan 
in 90s and the first half of 2000s. The country is at 
preliminary stage of clean energy production. The 
main related notable works implemented in the 
country in recent years is given below 

In 2011, the production of electric power in 
Azerbaijan Republic made up 20,3 billion kWt per 
hour (Industry of Azerbaijan. 2012). According to 
official statistics, it reached the peak in 2006, 
making up 24,5 billion kWt/h. For showing 
differences, the corresponding indicators can be 
given for other countries: Turkey - 186,0 bill. 
kWt/h, Denmark - 34,9 bill. kWt/h, Hungary - 32,7 
bill. kWt/h, Slovakia - 23,7 bill. kWt/h, and etc. As 
for comparison with CIS republics, Azerbaijan 
prevails over many countries for this indicator, 
namely Armenia by over 2,7 times, Kyrgyzstan by 
34 percent, Tajikistan by 25 percent as much and 
etc., lagging behind Belarus by 57,6 percent and 
Uzbekistan by 2,6 times as less.  

At present, most of EU-members are planning 
to increase the role of ‘safe and green’ energy. The 
share of wind power within domestic electricity 
supply is 35% in Denmark as well as 16% in 
Portugal and Spain. In 2009, consumption of wind-
generated electricity in Denmark topped as the 
highest indicator in the world per person (1,218 
kWh). Regretfully, the share of alternative resources 
within the total amount is very small in many CIS 
countries, and particularly in Azerbaijan. Analyzing 
the official data by 2011, it may be concluded that 
86,8% of the overall electricity was produced at 
thermoelectric power stations, operating due to fuel 
(natural gas). 13,2% of electricity was produced at 
hydroelectric power stations. As the statistics shows, 
the production of energy at the expense of wind 
power almost was not been implemented. In 2009 

Gas 2006 2007 2008 2009 2010 2011 2012 
Carbonic dioxide (CO2) 17 664,4 14 828,8 16 013,3 15 293,1 14 399,6 13 809,4 12 471,4 
Nitric oxide (N2O) 0,8 1,7 6,4 10,4 11,8 25,9 15,8 
Methane (CH4) 16,6 24,3 49,5 24,2 18,3 298,3 385,2 
Hydrogen fluorocarbons 0,6 0,5 0,2 7,0 6,8 0,0 6,4 
Sulfur hexafluoride 0,1 0,1 0,2 0,6 0,3 0,7 0,6 
Perfluorocarbons  0,9 0,6 0,3 6,4 5,6 0,1 5,6 
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and 2010, the volume of energy gained at wind 
power stations made 2,1 and 0,5 million kWt/h 
respectively, which are extremely low indicators 
compared to overall energy production. 

Azerbaijan cooperates with EU on achieving 
resource efficiency. In the future, the sides have to 
put into reality a number of programs and projects 
on increasing energy efficiency based on alternative 
resources. In summer of 2009, following a 
Presidential Decree, the State Agency on Alternative 
and Renewable Energy Sources (SAARES) was 
established as a part of the Ministry of Industry and 
Energy. Three years later it was converted to the 
state company, dealing with solution of the same 
problems. This entity has the mandate of the 
principal regulatory institution in the sphere of 
alternative and renewable energy and is tasked with 
assessment of sustainable energy potential, shaping 
relevant policies, including tariff policy, elaboration 
and enforcement of relevant procedures such as 
issue of special permissions to the public and private 
entities to construct power generation facilities (6). 
This was very significant event on the long way to 
establishing environmentally safe industry in the 
country. Taking into account the existing potential, 
the special emphasis in the process of use of 
alternative sources of energy should be laid on solar 
energy and wind power.  

Solar energy: potential and perspectives  

As is known, use of solar energy means absence 
of any harmful emission to the air. Perspective of 
use of solar energy is large in Azerbaijan due to 
advantageous agroclimatic potential of this country. 
The quantitative indicators of sunny hours are 
sufficient in the country. The yearly amount of 
sunny hours is 1800-2900 in Azerbaijan. The 
highest indicator is typical for the territory of the 
Autonomous Republic of Nakhchivan, reaching up 
to 2900 hours a year. The Kura-Araz lowland, 
Jeyranchol area, and the peninsula of Absheron are 
the territories with 2200-2400 sunny hours. The 
qualitative indicators are also favorable in term of 
use of solar power in many places of Azerbaijan, 
hesitating from 125 to 150 kcal per sq. centimeter. It 
is 125-134 kcal per sq. cm in the Kura-Araz and 
Lankaran lowlands. The highest figure is in 
Nakhchivan (145-160 kcal per sq. cm). 

Sumgait-located AzgunTech plant, constructed by 
State Company of Alternative and Renewable 
Energy Sources, operates since 2012. The enterprise 
is the first commissioned plant of High-Tech Park. It 
produces sun panels and LED lamps. The plant 
works on a full capacity. Each module of solar 
panels in the plant has 60 solar cells with capacity of 
42-250 watts. Production is also relevant to the 
project named "Thousand houses - thousand plants" 
designed for the housing sector, and is to provide 
installation of solar panels on homes. It is expected 

that the capacity of the plant will make up 120 
thousand solar panels per year (with a capacity of 30 
MWt) at the first phase of production. The indicator 
will made 240 thousand a year in the future. In the 
meantime, production of solar batteries in Sumgait 
is expected to be realized. Besides with these, the 
plant will produce 36 million LED chips and 12 
million diode lamps.  

Wind energy: great opportunities 

Having its economic effects, use of wind power 
is also a significant process from view of sustainable 
development. Operation of a wind generator of 1 
mWt prevents emission of 1800 tons of carbon 
dioxide, 9 tons of sulfur-dioxide and 4 tons of 
nitrogen-dioxide within a year. According to 
estimates of the World Wind Energy Association, 
wind energy industry will allow to reduce 1,5 billion 
tons of carbon-dioxide emissions by 2050. With 
transition to developing wind power industry, many 
developed countries reached to considerable 
reduction of amount of carbon-dioxide emissions. In 
Denmark, use of wind energy allowed to reduce 
these emissions at least by 2 times. The use of wind 
power at stations with 1 mWt power is equivalent to 
savings in 29 thousand of coal or 92 thousand 
barrels of oil within 20 years. Looking on economic 
sides of functioning of wind turbines, it is notable 
that increase of power by 2 times due to installation 
of modern equipment allows reducing of costs of 
electric power for 15%. The cost of installation of 
equipment of wind power station with 1 kWt is 
about $ 1000.    

It is estimated that in Azerbaijan, natural and 
geographical condition, and also economic 
infrastructure may allow to produce 800 mWt of 
energy a year at the expense of wind power. This is 
equivalent to an electric energy of 2,4 billion 
kWt/hour. The best condition for developing wind 
power industry is on northwestern part of the 
Caspian Sea. Historically, a lot of windmills have 
been constructed in the territory of Azerbaijan, 
particularly in Absheron area with the purpose of 
using drinking waters of wells. This method is 
currently used in some places of Absheron.  

Taking into consideration the power, directions, 
and continuation of winds as well as possibilities of 
taking advantage of wind energy, the two zones may 
be differed in the territory of country.  

The first zone covers territories of Siyazan, 
Khizi, Absheron, Gobustan, Neftchala, Salyan, 
including the mouth of Kura River. This large area 
is dominated by Northern, and partially 
northwestern winds. The speed of Nord (northern 
winds) is up to 8-10 m/s. In this strip zone from 
Siyazan to the point of Alat, the amount of windy 
hours reaches 2000-2200. The average speed of 
wind reaches 6-9 m/s in the peninsula of Absheron. 
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The number of wind-blowing days is 245-280 in the 
mentioned territory. At least 8-10% of the territory 
of the peninsula is reliable for installation of wind 
turbines. There are great possibilities for 
development of wind farms also in the islands of the 
Caspian Sea, the number of which is up to 50 as 
well as the territories of Khachmaz, Masalli, and 
less-populated Gobustan. According to some 
experts, production of electric power at 1 kWt/hour 
is equivalent to $ 0,15-0,2.   

The second winds-dominated zone 
encompasses Jeyranchol Plateau, the regions of 
Ganjabasar, Goranboy, Terter and surrounding areas 
where northwestern winds are dominant. Creation of 
wind power plants in these territories would be 
effective particularly due to plenty sunny hours of 
spring and winter. 

Ganja-Dashkasan region, and also the 
administrative areas of Sharur and Julfa located in 
Autonomous Republic of Nakhchivan are favorable 
territories areas for construction of wind farm due to 
the dominant winds average yearly speed of which 
make up 3-5 m/s. The last indicator is advantageous 
for operation of wind stations of medium power. 
The average yearly speed of winds in the Great 
Caucasus is 0,8-2,3 m/s as well as 1,8-2,4 m/s in 
Lankaran-Astara, and 1,9-2,7 m/s in the Lesser 
Caucasus. These indicators and the carried out 
analysis give a basis to suggest about efficiency of 
using wind power chiefly in Absheron, Gobustan, 
Siyazan, and the adjacent Pre-Caspian territories (1), 
and also northwestern part of Azerbaijan – Ganja-
Goranboy-Jeyranchol zone (2). In addition, it is 
favorable also in term of efficient land use, because 
the both mentioned zones have not fertile soils, and 
therefore, are less-populated areas. This is suitable 
for location of wind generators which must 
encompass relatively large area. 

In order to use alternative energy, the 
construction of hybrid polygon is underway in 
Maraza settlement of Gobustan. The polygon 
operates at the expense of not only wind and 
sunbeam but also biomass. By 2012, 2,7 mWt of 
energy is produced due to wind power, 2,0 mWt of 
energy is gained by using sunbeam as well as 1,0 
mWt from biomass. The polygon will provide 
Gobustan region with electricity in the future. 

The wind farm in Pirakushkul is expected to be 
commissioned in 2013. The project sponsored by 
KWF Bank and the government of Azerbaijan is 
estimated at € 165 million. Another project – the 
creation of Sea Wind Farm in the Caspian Sea, 
estimated at € 250 million is to be invested by non-

state entities and the government in the near future 
as well.  

Conclusion 

– The process of transition from hard fuel to liquid 
fuel as source of energy is completed in Azerbaijan. 
The power stations of Azerbaijan are using only 
liquid fuel, namely liquid gas, and this caused to 
decrease of the amount of nitrogen oxide, sulfur 
oxide and other harmful substance in the air. The 
share of power stations within the pollution process 
has been reduced whereas the share of vehicles has 
been increased in recent years. 

– Improving technology, and also increasing 
requirement of society needs more energy in 
contemporary world. Transition to sustainable 
development and sustainability of energy industry 
necessitate looking for and developing new sources 
of energy in the 21th century. Even if fuel reserves 
will be the main origin for energy production for a 
few further decades, steady basis for developing 
alternative sources should be formed at the present. 
From this view, passing to alternative resources 
should be regarded as very important and needed 
process in Azerbaijan. The state company, being 
engaged in use of alternative and renewable energy, 
is functioning since 2009. More than 20 state 
programs and laws on sustainable development, 
including fuel energy and alternative resources have 
been adopted in the Republic of Azerbaijan. This is 
an essential step for the further practical activity on 
the way of transition to clean energy. 

– In Azerbaijan, the percentage of clean alternative 
sources within the balance of energy must be 
gradually increased in the future. There are wide 
opportunities for development of environmentally 
safe energy industry based on alternative resources 
in the country. The creation of medium-sized wind 
farms in Absheron-Gobustan zone is only the 
beginning and such projects should be put into 
reality also in the Caspian Sea. As we think, the 
north-western and south and south-western coasts of 
the Caspian Sea (non-recreational zones, i.e., north 
to the Sumgait and south to Baku) are the more 
suitable areas for use of wind power. Within frame 
of beginning stage, use of wind energy must be 
implemented also in less-populated north-western 
part of Azerbaijan, to the west of Mingachevir water 
storage (Jeyranchol area, the territories of Samukh 
and Shamkir regoins). In the meantime, production 
output of solar panel-producing AzgunTech plant 
should be increased for wider use of its products in 
the territory of Azerbaijan. 
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Abstract 

Romania signed the United Nations Framework Convention on Climate Change in 1992, and ratified it in 1994. 
Also Romania signed the Kyoto Protocol in 1999 and ratified it in January 2001, being the first Annex 1 Party that 
ratified it. Romania committed itself to reduce the greenhouse gas emissions by 8% comparing to 1989 levels in 
the first commitment period 2008-2012. According to the National Inventory Report submitted in April 2013 
there is a great probability to meet this commitment. Taking into consideration the European Union objectives 
presented in the Energy – Climate Change Package the Romanian Government prepared the “National Strategy on 
Climate Change” that provides policies and measures aiming at reaching the climate targets set as a member of 
the European Union. The paper presents the policies and measures adopted for the mitigation of GHG emissions 
and their effects on the economy. In order to assess Romania’s progress towards 2020 targets the GHG emissions 
are forecasted for years 2015 and 2020 by taking into account the various economic-social, demographic and 
technological evolution scenarios, allowing to highlight the measures taken by Romania  in order to transpose the  
EU  requirements of the  Energy-Climate Change Package. The energy sector projections are obtained by using 
the ENPEP energy planning package, developed by Argonne National Laboratory from Chicago. This package 
gives the energy demand forecast based on macroeconomic indicators evolution and power plants development 
program by considering the Romanian Government’s adopted policies on renewable energy resources use and 
also estimates the impact on the environment. 
 
 
1. Introduction 

Romania signed the United Nations 
Framework Convention on Climate Change 
(UNFCCC) in 1992, and ratified it in 1994 by Law 
24. Romania signed the Kyoto Protocol in 1999 
and ratified it in January 2001, being the first 
Annex 1 Party that ratified it. Romania committed 
itself to reduce the greenhouse gas (GHG) 
emissions by 8% comparing to 1989 (base year) 
levels in the first commitment period 2008-2012. 

The Romanian Government adopted in July 
2013 through Government Decision 529/2013 the 
second National Strategy on Climate Change 
(NSCC) 2013 – 2020. 

The general objective of the strategy focused 
on measures taken by Romania in order to 
transpose the EU requirements of the “Energy – 
Climate Change” Package. 

 
2. Evolution of GHG emissions 

The evolution of the total GHG emissions is 
presented in figure 1.  According to the figure 
above, there is a great probability for Romania to 
meet the Kyoto Protocol commitments on the 
limitation of the GHG emissions in the 2008-2012 
commitment period. In 2011, the GHG emissions 

without LULUCF have decreased with 54.86% 
comparing with the base year level. 

The evolution of the total GHG emissions 
reflects the main trends in the economic 
development of the country. 

The period was characterized by a process of 
transition to a market economy, restructuring of 
the economy, bringing into operation of the first 
reactor at the Cernavoda nuclear power plant 
(1996). The emissions have started to increase 
after 1999 as a consequence of the economy 
revitalization; in 2009, the emissions decreased 
significantly comparing to the level in 2008 while 
in 2010 they continued to decrease, due to the 
economic crisis. In 2011, the emissions started to 
increase again, following the increase of economic 
activities level.  

The largest contributor to the total national 
GHG emissions is CO2, followed by CH4 and N2O.  
The share of each direct GHG in total emissions in 
1989 and, respectively 2011 is presented in figure 
2. 

It can be noticed that the Energy sector 
represents the most important sector in Romania. 
The Energy sector accounted for 69.98% of the 
total national GHG emissions in 2011. The GHG 
emissions resulted from the Energy sector 
decreased with 55.00% compared with the base 
year. 
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Industrial Processes contributes to total 
GHG emissions with 10.21%. A significant 
decrease of GHG emissions was registered in this 
sector (64.40% decreases in 2011 compared to the 
level in 1989) due to the decline or the termination 
of certain production activities. 

The trend of emissions resulted from solvent 
and other product use follows the general trend: 
emissions have decreased seriously after 1989, 
then the emissions were relatively stable from 
1992 to 2002; after 2002, emissions started to 
increase, and due to the revitalization of the 
relevant economic activities (automobile 
manufacture, construction and buildings). 
The GHG emissions level decreased in 2011 by 
80.55% in comparison with the level recorded in 
1989. 

Agriculture  GHG emissions have also 
decreased. The GHG emissions in 2011 are 
53.50% lower in comparison with the 1989 
emissions due to: 

�  the decline of livestock; 
�  the decrease of rice cultivated area; 
�  the decrease of crop productions level; 
�  the decline of N synthetic fertilizer 

applied amounts. 

In 2011, 15.36 % of the total GHG emissions 
resulted from the agriculture sector. The 
Romanian land use sector acts as a net sink, at an 
average uptake of 25,304.94 Gg/year, being 
relatively stable over the last 22 years. 

Waste sector emissions have increased in 
2011 with 14.91% in comparison with the level in 
1989. The contribution of the waste sector to the 
total GHG emissions in 2011 is 4.35%. 
 

3. Energy sector strategies 

The Romanian Government established the 
strategic scope for the energy sector to meet both 
the current and the medium and long term energy 
demand, for the lowest possible price, adequate to 
a modern market economy and to a civilized living 
standard, under quality and safety in supply 
conditions, in observance of the sustainable 
development principles. 

Romanian Energy Strategy for the period 2007-
2020  has the following objectives: 

Energy security, by: 

�  lower dependence of imported energy through 
the use of national resources of lignite and 
hard coal, hydropower and wind power; 

�  import diversification of resources through 
the use of both nuclear fuel and natural gas; 

Sustainable development through: 

�  energy efficiency through the use of modern 
technologies in the years 2015; 

�  promotion of electricity in hydroelectric and 
wind power; 

�  promoting the production of electricity and 
heat in cogeneration plants using high-
efficiency technologies for natural gas; 

�  rehabilitation of transmission and distribution 
system correlated to rehabilitation of 
buildings to reduce energy losses and the 
development of new intelligent buildings; 

Competitiveness: 

�  development of markets for electricity, natural 
gas, uranium, green certificates, certification 
of greenhouse gas emissions; 

�  continuing restructuring of the electricity 
sector and natural gas; 

�  coal sector restructuring continue to increase 
profitability and access to capital markets. 

Romania transposed the following EU Directives 
in its legislation, with implications on the national 
primary energy consumption, respectively: 

�  Directive 2006/32/EC on energy end-use 
efficiency and energy services - transposed by 
OG 22/2008 and the Methodological norms 
for the enforcement of GO 22/2008 approved 
by GD 409/2009; 

�  Directive 2005/32/EC establishing a 
framework for the setting of eco-design 
requirements for energy-using products - 
transposed by GD 1043/2007; 

�  Directive 2009/28/EC on the promotion of the 
use of energy from renewable sources - 
transposed by Law no. 220/2008 republished; 

�  Directive 2004/8/EC on the promotion of 
cogeneration based on a useful heat demand 
in the internal energy market - transposed by 
GD 219/2007; 

�  Directive 2009/33/EC on the promotion of 
clean and energy-efficient road transport 
vehicles – transposed by GEO 40/2011; 

�  Regulation 2009/443/EC establishing the 
emission performance standards for new 
passenger cars – transposed by GD 90/2011; 

�  Directive 2010/40/EU on the framework for 
the deployment of ITS in the field of road 
transport and for interfaces with other modes 
of transport - transposed by GO 7/1021. 

The second National Plan on Energy Efficiency 
for the 2011 - 2020 represents an update of the 
Energy Strategy for the period 2007 – 2020. 
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The primary energy saving measures on the 
generation of electricity and heating are as 
follows: 
�  Withdrawing from service the generating 

units whose lifespan has been exceeded and 
which have become obsolete and the 
replacement thereof with modern units with 
superior efficiencies; 
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Figure 1. The total GHG emissions in CO2 equivalent during 1989-2011 period (Source: Ministry of Environment and 
Climate Change – National Inventory Report, May 2013)  

 

 
 

Figure 2.  GHG by main categories – average share for the period 1989 – 2011. 
 

 
Figure 3. Sectorial GHG emissions in 2011 [%] (Source: Ministry of Environment and Climate Change – National Inventory 

Report, May 2013) 
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Figure 5. Romania’s Energy Balance. 
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�  Re-engineering 330 MW units operating in 
lignite-fired power plants; 

�  Promoting high efficiency cogeneration; gas 
turbines with a heat recovery boiler (GT+HRB) 
and a combined cycle with gas turbines 
(CC+GT) of approximately 1000 MW and 600 
MW biomass-fired units shall be installed; 

�  Continuing the upgrade works of district 
heating supply systems, respectively the units 
generating heat fluid, the primary heat fluid (hot 
water) transmission grid, the heating stations 
and heating modules, the hot water and heat 
fluid distribution network;  

�  Generating electricity from renewable energy 
sources. 

National Renewable Energy Action Plan indicates 
the installed powers per types of technologies from 
renewable energy sources, resulting the energies 
generated, indicated in table 1. It can be noticed that 
in 2020 the electricity production from renewable 
energy sources will represent 38% of total electricity 
production in Romania. 

The participation of sectors to GHG emissions 
(excluding LULUCF) is presented in the figure 3. 
 

4. GHG forecasting methodology for energy 
sector  

The GHG forecasts for the energy sector were 
established considering the energy demand 
subsector (industry, transport, agriculture, household 
and commercial consumption) and the supplying 
sub-sector (primary energy resources extraction, 
their conversion in refineries, thermo-electric power 
plants, thermal power plants, transport and 
distribution of energetic products to consumers). 
The projections are based on calculations carried out 
using the ENPEP (Energy and Power Evaluation 
Program) programs package, developed by Argonne 
National laboratory of US Department of Energy 
(DOE) and distributed to Romania by the 
International Atomic Energy Agency (IAEA) to 
perform an integrated energy analysis, economic 
and environmental. 

Figure 4 presents the 9 modules of the software 
package. The main modules used in the study are: 

�  MAED is a simulation model designed for 
evaluate medium and long-term demand for 
energy (motor fuel, fossil fuel, district heating, 
electricity, coke, feedstock) based on the 
macroeconomic indicators evolution; 

�  ELECTRIC - determines the electricity power 
plants development programme considering the 
Romanian Government’s adopted policies on 
renewable energy resources use, on ensuring the 
energy security, on technological evolution and 
on international market fuel prices;  

�  BALANCE module – determines the balance 
between energy demand – supply  the entire 
system, including all the demand sectors and 
the supply sectors (oil, gas, coal, electricity, 
renewable, etc.) for every year of the study; 

�  IMPACTS – estimates, for the energetic system 
determined using the BALANCE module and 
for the electro-energetic system determined 
using the ELECTRIC module, the impact on 
atmosphere, water, soil, the impact of the 
specific waste, the impact on materials and 
labour needed for the installations construction 
and exploitation, the impact on related 
employees risk and health. 

In order to allow the use of the modules package, a 
national energy balance has been prepared 
considering the available or imported primary 
energy resources. Figure 5 shows a simplified 
energy balance with four major elements: 

�  primary energy resources; 
�  primary energy resources conversion 

technologies; 
�  transmission and distribution of energy 

products; 
�  energy consumers 

 Each sector is modelled in detail considering 
the technological processes and emission factors 
according to IPCC. Given this breakdown with the 
IMPACTS module the resulted GHG emissions are 
determined. The projected level of the total CO2 

emissions from the energy sector in the three 
analyzed scenarios in the period 2012 – 2020 is 
presented in Figure 6. 

The European Parliament and Council adopted 
in April 2009 Decision 406/2009/EC on the effort of 
Member States to reduce GHG emissions in order to 
meet the Community's commitments to reduce GHG 
emissions by 2020. 

This decision aimed to establish the minimum 
contribution of Member States to respect the 
Community's commitments to reduce GHG 
emissions in the period 2013 - 2020.  

Taking into consideration that amount of 
verified emissions under the EU ETS from 2007 
were 69,604.599 Gg CO2eq. in Romania resulted 
that GHG emissions related to non – ETS sectors 
will be 77,200 Gg CO2 eq. in the scenario with 
adopted measures. It may be noted that Romania 
complies with the requirements of Decision 
406/2009/EC as GHG emissions projected for 2020 
for the non – ETS sectors are smaller than would be 
required target of 85,627.510 Gg CO2 eq. 
 
5. Conclusions 

All development strategies, policies and 
measures have been developed and implemented in 
accordance with EU documents ensuring 
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harmonization of policies, plans and programs in 
accordance with the requirements of EU integration. 
As a result of transposing EU legislation into 
national legislation, Romania has introduced and 
implemented policies and measures in all economic 
sectors which will contribute indirectly to reducing 
GHG emissions. 

Some example of the policies and measures effect is 
presented in the table 2.  
 
 
 
 

 

�
 
Figure 6. The projected level of the total CO2 emissions from the energy sector in the analyzed scenarios in the period 

2012 – 2020. 

Table 2. The effect of policy and measures on GHG emissions. 

No Policy/Measure Estimated effect of the policy and 
measures on GHG emissions  
(kt CO

2
 equivalent) in 2020 

1 GD 1069/2007 Romania’s Energy Strategy for 2007 – 2020 8,336.868 

2 National Renewable Energy Action Plan 4,766.726 
3 GD 22/2008 transposition of Directive 2006/32/EC on energy 

end-use efficiency and energy services 
691.760 

4 GD 780/2006 establishing the greenhouse gas emission 
allowance trading scheme, amended by GD 133/2010, GD 
399/2010, GD 1300/2010 and the subsequent legislation 

2,000.000 

5 The second National Plan on Energy Efficiency for 2011-2020 955.660 
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