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Abstract

The quantification of the effect of climate change mitigation actions is a
very useful exercise that can be used to meet a variety of objectives, such as
informing policy design, enhancing policy implementation, assessing policy
effectiveness, justifying budget allocation, and attracting climate finance. It
is also a reporting requirement according to the reporting framework of the
United Nations Framework Convention on Climate Change (UNFCCC) and
the Monitoring Mechanism Regulation of the European Union (EU) about
climate change relevant information. However, the reporting of emissions
savings associated to mitigation actions by EU Member States is not com-
plete, according to recent technical reports of the European Environmental
Agency. The purpose of this paper is to present a methodological framework
that can be used to quantify the effect (i.e. emission reductions) of the
mitigation actions. It is based on comprehensive and transparent models and
formulas that could be easily tracked and reproduced. The proposed frame-
work could be easily applied by EU Member States, but also by other non-EU
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countries, to enhance the reporting of climate change related information
to European Commission and UN bodies. By applying the methodological
framework for Greece, as a case study, it was possible to estimate the effect
of implemented policies and measures for historical years (ex-post analysis),
but also to estimate the projected effect (ex-ante analysis) of implemented,
adopted and planned policies for future years (e.g. 2030).

Keywords: Climate change, greenhouse gas emissions, mitigation actions,
assessment of the effect of policies and measures.

1 Introduction

Climate change poses a major challenge and threat to the places, species
and people’s livelihoods. Increased levels of atmospheric greenhouse gases
impact earth’s heat balance, leading to global warming. Global warming is
altering the climate conditions and weather patterns and is expected to have
far-reaching, long-lasting and, in many cases, devastating consequences for
the planet, e.g. glaciers are melting, sea levels are rising, weather is getting
more extreme, and some ecosystems are at risk of collapsing. According to
WMO, the global average temperature has increased by 1.1◦C since the pre-
industrial period, and by 0.2◦C compared to 2011–2015; and 2019 concluded
a decade of exceptional global heat, retreating ice and record sea levels driven
by greenhouse gases produced by human activities. To adequately address
this “climate emergency”, we need urgently reduce greenhouse gases (GHG)
emissions and adapt to the consequences of global warming, which we are
already experiencing [1, 2].

The emergency to avoid dangerous climate change by limiting GHG
emissions and reaching a carbon neutral world has led to the first-ever uni-
versal, legally binding climate change agreement in Paris in December 2015.
The Paris Agreement’s long-term temperature goal is to limit the increase
of global temperature to well below 2◦C above pre-industrial levels; and
to pursue efforts to limit the increase to 1.5◦C, recognizing that this would
substantially reduce the risks and impacts of climate change. This should
be done by peaking emissions as soon as possible, in order to “achieve a
balance between anthropogenic emissions by sources and removals by sinks
of greenhouse gases” in the second half of the 21st century [3, 4].

Climate change mitigation refers to the reduction of the release of anthro-
pogenic GHG in order to limit the magnitude or rate of global warming
and its related effects. Mitigation may also be achieved by increasing the
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capacity of carbon sinks, for example through reforestation. Examples of
mitigation actions include retrofitting buildings to make them more energy
efficient, phasing out fossil fuels by adopting renewable energy sources
like solar, wind and small hydro. Mitigation actions can be deployed in
all sectors of the economy i.e. power sector, industry, transport, buildings,
agriculture, waste, etc [5–9]. Governments in both developed and developing
countries are planning and implementing a variety of mitigation actions that
can be written down in national environmental policy documents of countries,
for instance the nationally determined contributions (NDC) under the Paris
Agreement [3, 4].

The accounting and reporting of the GHG emissions reductions has
many benefits for decision makers, including international organizations,
national and local authorities, public and private companies, etc. Among
others, it promotes decision making by assisting the selection of informed
policy choices that move toward low carbon development; it assists the
justification of budget allocation to mitigation actions, and climate finance for
developing countries; it facilitates public awareness and broader acceptance
and support by all stakeholders; it increases the reliability of the climate
change mitigation policies; it constitutes the feedback mechanism of the
policy appraisal and evaluation cycle that allows the periodic performance
tracking and assessment of the effectiveness of these policies and actions [10].

According to the current reporting framework to the United Nations
Framework Convention on Climate Change (UNFCCC), countries are
required to include information about the quantification of the effect of
policies and measures for the mitigation of GHG emissions in their reporting
to the UNFCCC. More specifically, according to the reporting guidelines for
National Communication of Parties included in Annex I of the Convention
(developed countries), Parties are required to report an ex-post and ex-ante
assessment of the aggregate effects of policies and measures, and should
include a quantitative estimate of the impacts of individual policies and
measures or as a group [11]. Further, according to the reporting guidelines
for Biennial Reports for developed countries, an ex-ante assessment of miti-
gation actions is required to be reported every two tears [12]. Regarding the
reporting requirements for developing countries, an estimation of emission
reductions to the extent possible is required to be reported for each mitigation
action [13]. Similar reporting provisions for all countries are included in the
Enhanced Transparency Framework of the Paris Agreement [14].

In addition to the international reporting requirements, EU Member States
are required to report every two years both ex-post and ex-ante quantitative
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estimates of the effect of mitigation policies and measures [15]. However,
according to both the 2018 and 2019 technical reports of the European Envi-
ronmental Agency that provide an overview of the reported information by
the Member States about policies and measures on climate change mitigation
[16, 17], “the reporting on ex-post emission savings should be considered as
very incomplete” and the “expected emission savings (ex-ante assessment)
are reported for less than 40% of total reported policies and measures”.

The purpose of this paper is to present the methodological framework that
has been developed and is currently applied by Greece for the ex-post and ex-
ante analysis of the effect of national policies and measures on climate change
mitigation. The methodological framework gains advantages and is consistent
to available official information and reporting to European Commission and
UN. Besides is based on comprehensive and transparent models and formulas
that can be easily understood and reproduced. The proposed framework could
be applied by EU Member States, but also by other countries, to enhance the
reporting of climate change related information to European Commission and
UN bodies.

2 Description of the Methodological Framework

2.1 Main Principles of the Framework

EU Member States have many reporting obligations to European Com-
mission. These reporting obligations are related to the assessment of the
implementation of EU Directives and Regulations. A main principle of the
proposed framework is to be consistent with all available official information
that is reported by Member States through the various reporting channels to
European Commission and UN bodies. In addition to the consistency prin-
ciple, the framework gains advantage of the reported information and avoids
duplication of effort. The framework is based on the following information:

• The National GHG Inventory (data, methods, emission factors and
parameters).

• The National Energy Balance.
• The National Future Energy Planning Scenarios.
• The National Energy Efficiency Action Plans and Annual Reports that

are required to be reported to the European Commission pursuant to the
Energy Efficiency Directive (EED) [18].

• The National Action Plans and Progress Reports that are required to be
reported to the European Commission pursuant to the Renewable Energy
Directive (RED) [19].
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• The National Energy and Climate Plans that are recently prepared by
EU Member States pursuant to Regulation EU) 2018/1999 [20].

• The targets, policies and reporting under the Directives and Regulations
associated to fluorinated gases, agriculture and waste sectors (e.g. F-gas
Regulation, Common Agricultural Policy, Landfill Directive).

The proposed framework is based on models and formulas that could
be easily understood and reproduced. Consequently, it contributes to the
enhancement of the transparency of the reported information, which is a
fundamental principle under the current reporting framework of UNFCCC
and the Paris Agreement [14] and serves the building of mutual trust and
confidence between the countries.

For consistency reasons, the same methods are applied for both the
ex-post and ex-ante analysis for the estimation of emissions reductions.
Therefore, the estimated effect of mitigation actions for the historical years is
consistent and comparable with the projected effect for future years. Further,
the framework is consistent with the reported projections of GHG emission
scenarios to European Commission (EC) and UNFCCC. According to EC
and UNFCCC reporting requirements, the countries have to report a “with
existing measures” emissions projection scenario (WEM), which encompass
currently implemented and adopted policies and measures; and it is to their
discretion to report a “with additional measures” scenario (WAM), which
additionally reflects the planned policies and measures.

Double counting of mitigation effects is avoided, because all possible
interferences between implemented/adopted and planned measures are taken
into account and the analysis is performed at a fairly high level of aggre-
gation, and not at the level of each individual instrument and program. For
example, the promotion of renewable energy sources (RES) by a country is
implemented through many instruments, e.g. the Feed-in-Tariff system, the
Feed-in-Premium system, national development laws, tax incentives etc. The
analysis provides a single mitigation effect per emission source / activity (i.e.
power sector, road transport sector, etc) for the group of these instruments,
since it is neither possible nor meaningful to distinguish the impacts of
individual instruments and programs that focus on the same emissions source
or activity.

The main idea of the framework, behind the estimation of the mitigation
effect, is to compare the historical emissions (for the ex-post analysis) and
the WEM/WAM scenarios (for the ex-ante analysis) with a hypothetical
without measures baseline scenario (WOM), which covers only the emission
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Figure 1 Graphical presentation of the different levels of mitigation actions.

source/activity under investigation and does not include the mitigation effect
of the examined policy or measure. Further, the estimation of mitigation
effects focuses on sectoral policies and measures with a direct – quantifiable
mitigation impact that target individual emission sources and activities. The
effect of overarching and cross-cutting supporting policies for the restriction
of GHG emissions is not reported, because it has been already included to
the effect of sectoral measures. By this way double counting is avoided.
Figure 1 illustrates the different levels of policies and measures (cross-
cutting, sectoral, and individual instruments) and graphically explains at
which level of aggregation the mitigation effects are estimated by the frame-
work. For example, a significant over-arching policy is the EU Emission
Trading Scheme (EU ETS). The effect of EU-ETS is not reported, because
it is included under the effect of a number of sectoral measures, e.g. the
promotion of RES, the improvements in the conventional power generation
system, the promotion of natural gas in industry, etc. In this case, the cost
of emission allowances under the EU ETS is the incentive to implement
measures to reduce emissions through e.g. shifting to low carbon fuels, RES
and energy efficiency measures. The effect of the shift to low carbon fuels,
implementation of RES and energy efficiency measures is quantified, and is
reported under the specific sectoral measures.

2.2 Sectoral Policies and Measures

In this section, the methods for the quantification of the emissions reductions
by the implementation of the following mitigation actions will be presented:

• RES technologies in electricity production.
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• Improvements in the conventional power generation system.
• Promotion of natural gas (residential, tertiary, industrial and transport

sectors).
• Biofuel use in transportation.
• Implementation of energy efficiency measures in residential, tertiary and

transport sectors.
• Mitigation actions in waste sector (e.g. recovery of organic waste and

recycling, recovery of biogas).
• Reduction of emissions of fluorinated gases.
• Mitigation actions in agriculture (e.g. reduction of the rate of intensity of

agricultural land use, increase of organic farming, reduction in fertilizers
use).

For the ex-ante assessment of the implemented and adopted policies
and measures, data included in the WEM projection scenario should be
used, while for planned policies and measures the WAM scenario should be
selected.

2.2.1 RES technologies in electricity production
The production of electricity by RES (e.g. wind, solar PVs, hydro, geother-
mal, biomass and biogas) does not result in emissions, with the exception of
biomass and biogas that result in CO2 emissions and small amounts of CH4
and N2O. However, biomass and biogas are considered a carbon-neutral fuel,
because the plants that are the source of biomass capture almost the same
amount of CO2 through photosynthesis while growing as is released when
biomass is burned. The avoided GHG emissions correspond to the emissions
associated to the production of the same amount of electricity by using fossil
fuels. The data required for the estimation is the electricity produced by
RES, which can be obtained from the national energy balance for the ex-post
analysis and the WEM/WAM scenarios for the ex-ante analysis. In addition,
the average emission factor (EF) of the thermal power plants is required.
This can be calculated by using emissions and electricity production data
from the national inventory, the national energy balance and the WEM/WAM
scenarios. The mitigation effect is calculated by the following formula:

mitigation effect =
(
electricityRES,t − electricityRES,t0

)
× EF th.plants,t/1000,

where:

mitigation effect is estimated in ktCO2eq,
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electricityRES,t is the amount of electricity produced by RES in year t
(units: GWh),
t0 is the starting year of promoting the RES technologies, and
EFth.plants,t is the average emission factor of the thermal plants of the
electricity generation system in year t (units tCO2eq/GWh).

The average EF of the thermal plants varies annually depending on the
energy mix of the fossil fuels of each year. Consequently, the effect of this
policy is separated from the respective effect of the mitigation actions that are
related to the increase of the efficiency of power plants and switching to low
carbon fossil fuels (double counting is avoided).

2.2.2 Improvements in the conventional power generation
system

This policy refers to the gradual decommissioning of old inefficient thermal
power units, the commissioning of new efficient power units, and the increase
of the share of natural gas (a low carbon fuel) in electricity production. The
avoided GHG emissions relate to the lower emissions per electricity produced
by the more efficient newer plants compared to the old ones; and the lower
carbon content of natural gas compared to solid fuels. The data required for
the estimation is the electricity produced by solid fuels and natural gas, which
can be obtained from the national energy balance for the ex-post analysis and
the WEM/WAM scenarios for the ex-ante analysis. In addition, the average
emission factors (EF) of the thermal power plants per fuel are required.
These can be calculated by using emissions and electricity production data
from the national inventory, the national energy balance and the WEM/WAM
scenario. The mitigation effect of the decommissioning of old plants and
the commissioning of new more efficient ones is calculated by the following
formula:

mitigation effect = electricitysolid fuels,t

× (EF solid fuels,t − EF solid fuels,t0 ) /1000,

where:

mitigation effect is estimated in ktCO2eq,
electricitysolid fuels,t is the amount of electricity produced by solid fuels-
fired plants in year t (units: GWh),
t0 is a reference year before the replacement of old units, and
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EFsolid fuels,t is the average emission factor of the solid fuels-fired
thermal plants of the electricity generation system in year t (units
tCO2eq/GWh).

The mitigation effect of the shift to natural gas is calculated by the
following formula:

mitigation effect = electricityNG,t

×
(
EF solid/liquid fuels,t − EFNG,t

)
/1000,

where:

mitigation effect is estimated in ktCO2eq,
electricityNG,t is the amount of electricity produced by gas-fired plants
in year t (units: GWh),
EFsolid/liquid fuels,t is the average emission factor of the solid and liquid
fuels-fired thermal plants of the electricity generation system in year t
(units tCO2eq/GWh), and
EFNG,t is the average emission factor of the gas-fired thermal plants of
the electricity generation system in year t (units tCO2eq/GWh).

The EFs used in the model vary annually depending on energy efficiency
level of the thermal plants for each year.

2.2.3 Increase of natural gas share in industry, transport,
residential and tertiary sectors

This policy is related to economic, fiscal, regulatory and other instruments
(e.g. information campaigns) for the promotion of the use of natural gas by
end users (industry, residential, transport and tertiary sectors). The change
from solid and liquid fuels (e.g. coal, fuel oil, etc) to low carbon fuels
(e.g. natural gas) results in reduction of GHG emissions. The avoided GHG
emissions correspond to the lower carbon content of natural gas compared
to solid and liquid fuels. The data required for the estimation is the amount
of natural gas, which can be obtained from the national energy balance for
the ex-post analysis and the WEM/WAM scenarios for the ex-ante analysis;
and the CO2 emission factors of natural gas and the fuel that is substituted
(source: national GHG inventory). The mitigation effect is calculated by the
following formula:

mitigation effect = activity dataNG

× (EF fuel − EFNG) /1000,
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where:

mitigation effect is estimated in ktCO2eq,
activity dataNG is the amount of natural gas that is combusted (units:
TJ),
EFfuel is the CO2 emission factor of the fuel that is substituted by natural
gas (units: tCO2/TJ), and
EFNG is the CO2 emission factor of natural gas (units: tCO2/TJ).

The above calculation of the mitigation effect is conservative, because
the combustion efficiencies between the different fuels were not taken into
account. For example, the combustion of natural gas, which is a gaseous fuel,
is more efficient compared to solid fuels.

2.2.4 Biofuel use in transportation
When estimating the mitigation effect of the shift from fossil fuels to biofuels,
it should be considered that a part of the carbon of biofuels (and the associated
CO2 emissions) may have a fossil origin. For example, 5.3–5.5% of the
carbon content of biodiesel (FAME) has a fossil origin. The remaining part
of the carbon content is considered carbon-neutral because it has a biogenic
origin. The avoided GHG emissions correspond to the lower fossil carbon
content of biofuels (e.g. biodiesel, biogasoline, etc) compared to fossil liquid
fuels. The data required for the estimation is the amount of biofuels, which
can be obtained from the national energy balance for the ex-post analysis and
the WEM/WAM scenarios for the ex-ante analysis; the CO2 emission factors
of the fossil part of biofuels (source: national GHG inventory); and the CO2
emission factors of liquid fuels that are substituted by biofuels (e.g. diesel,
gasoline, etc). The mitigation effect is calculated by the following formula:

mitigation effect = activity databiofuel

× (EF liquid fuel − EF biofuel) /1000,

where:

mitigation effect is estimated in ktCO2eq,
activity data of biofuel consumption is in TJ units,
EFliquid fuel is the CO2 emission factor of the liquid fuels that are
substituted by biofuels (units: tCO2/TJ), and
EFbiofuel is the CO2 emissions factor of the fossil part of biofuels (units:
tCO2/TJ).
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2.2.5 National Energy Efficiency Action Plans (NEEAPs)
The National Energy Efficiency Action Plans of EU Member States contain
several measures that are related to the conservation and rational use of
energy in the residential, tertiary and transport sectors. These measures are
related to actions for the improvement of the thermal behavior of residen-
tial sector buildings; promotion of energy efficiency appliances and heating
equipment, renewal of the vehicle fleet through deployment of clean and
efficient vehicles, etc. Under the Energy Efficiency Directive, EU Member
States shall draw up these plans every three years and also provide annual
reports. The energy savings per measure should be estimated and reported by
Member States. Therefore, the activity data required for the estimation of the
mitigation effect of energy efficiency measures are available in these reports.
In addition, the CO2 emission factors for electricity, gaseous, liquid and solid
fuels can be obtained from the national GHG inventory. The mitigation effect
is calculated by the following formula:

mitigation effect = energy savingsfuel × EF fuel/1000

+ energy savingsel × EF el/1000,

where:

mitigation effect is estimated in ktCO2eq,
energy savingsfuel is the estimated savings of gaseous, liquid or solid
fuels in TJ,
energy savingsel is the estimated savings of electricity GWh units,
EFfuel is the CO2 emission factor of the gaseous, liquid or solid fuels
(units: tCO2/TJ), and
EFel is the average emission factor of the electricity generation system
of the country (units: tCO2eq/GWh).

2.2.6 Reduction of emissions of fluorinated gases
To control emissions from fluorinated greenhouse gases (F-gases), the
main legislative act in the European Union is the ‘F-gas Regulation’ (No
517/2014). This Regulation covers all key applications in which fluorinated
gases are used. Its objective is to prevent leakage and emissions (emissions
prevention and leak checks, control of by-production, end of life treatment
of products and equipment, training and qualification, information for users,
labelling, product information) and control the use of F-gases with high
global warming potential (ban on new applications, ban on uses, phase-down
of HFC supply) [29].
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For the estimation of the mitigation effect of the measures targeting F-
gases, two scenarios need to be developed by following the same method that
is applied to estimate emissions in the national inventory (e.g. for the case
of Greece a Tier 2a from the 2006 IPCC guidelines is applied): a baseline
/ WOM scenario that does not include the effect of the implementation of
the ‘F-gas Regulation’; and a WEM scenario that reflects the provisions of
the legislative act. Given that some of the provisions of the legislative act
are difficult and more uncertain to quantify (e.g. training and qualification),
the WEM scenario should reflect at least the provisions that are associated
to the restrictions and ban on use of specific gases (Annex III of the F-gas
Regulation).

The activity data of refrigeration and air-conditioning equipment could
be extrapolated based on the trends of historical data and expert judgement.
The mitigation effect would be the difference between the two scenarios
WOM-WM.

2.2.7 Waste sector
Policies and measures relating to the solid waste disposal, biological treat-
ment of waste, waste incineration and open burning of waste, as well as
wastewater treatment and discharge, are climate relevant. Methane represents
the major greenhouse gas from waste sector, which mainly arises from the
treatment and disposal of solid waste [21]. The analysis in this section focuses
on the solid waste disposal on land, since this emission source category
prevails in the waste sector.

In the solid waste disposal category, biodegradable waste is of interest
in terms of GHG emissions, since this is the waste fraction delivering most
CH4 emissions during anaerobic decomposition. The necessity to reduce
the quantities of biodegradable waste going to landfills is acknowledged by
the Directive 1999/31/EC. Within the framework of the national strategy
for the reduction of biodegradable waste, Greece has the target to limit the
biodegradable waste going to landfills in 2020 to 35% of the biodegradable
waste produced in 1997. In addition, pursuant to the Directive (EU) 2018/850
for the amendment of Directive 1999/31/EC on the landfill of waste, the target
to limit the generated municipal solid waste that is disposed to landfills up
to 10% by 2035 was introduced. Further, it is required that landfills receiv-
ing biodegradable municipal waste are equipped with landfill gas recovery
systems [21].

For the estimation of the mitigation effects in the solid waste disposal
category, two scenarios were developed by applying the same model used in
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GHG inventory: a baseline/WOM scenario that follows historical observed
trends; and a WEM scenario that reflects the implementation of the National
Waste Management Plan on the production of waste streams, waste com-
position, recycling, recovery and disposal. The mitigation effect relevant to
the recovery of biogas is estimated based on current and projected share of
population that is served by managed waste disposal sites, which are equipped
with biogas recovery systems.

2.2.8 Agriculture sector
Agricultural activities can result in methane emissions from livestock diges-
tion processes and storage of animal manure. In addition, the use of organic
and mineral nitrogen fertilizers can lead to nitrous oxide emissions. The
agriculture sector in Greece and other Member States has the specialty that is
mainly driven by one policy, the Common Agricultural Policy (CAP), which
determines a common way for all Member States of the European Union.
The present day CAP contains both a climate action objective, a number of
measures (both compulsory and voluntary for farmers and Member States)
which are intended to secure climate benefits (Pillar I – direct payments to
farmers), and a requirement for a minimum proportion of funding to be spent
on environment and climate measures (Pillar II – rural development policy).
These arrangements have developed over time. In Greece, the implementation
of the current Common Agricultural Policy (CAP) regulations started in 2015
(with 2014 being a transitional year) [21].

The direct payment to farmers (Pillar I) contains a ‘greening’ component,
which serves as an additional support to offset the cost of providing envi-
ronmental public goods that are not remunerated by the market. In Greece,
in order to receive the greening part of the direct payments, the following
agricultural practices with direct climate impact should be followed: crop
diversification, maintaining existing permanent grassland, and maintaining
an ‘ecological focus area’ of at least 5% of the arable area of the holding on
farms with more than 15 hectares of arable land (e.g. fallow land; afforested
areas and landscape elements; Nitrogen-fixing crops). In addition, cross-
compliance requirements apply to all components of the direct payments,
which have climate-related aspects, e.g. measures for the proper use of
synthetic and organic fertilizers, measures for protection of soil carbon and
retention of landscape features. Further, as an indirect effect, the disengage-
ment of subsidies from the agricultural production has led to the reduction of
agricultural production and livestock population, which result in the reduction
of emissions from the agriculture sector [21].
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The rural development policy (Pillar II) includes measures that reduce
CH4 and N2O emissions from the agriculture sector, namely organic farm-
ing, measures to reduce or rationalize fertilizer application, and measures
in livestock management. It also includes measures targeting adaptation to
climate change (e.g. measures related to water savings), energy efficiency and
investments in RES, and carbon conservation and sequestration measures in
agriculture and forestry [21].

Due to lack of data about the effect of CAP in the mitigation of GHG
emissions, the estimation of the mitigation effect in agriculture sector is based
on expert judgement and conclusions extracted by the comparison of gross
domestic product (GDP) and gross value added of agriculture (GVA) evo-
lution and the decreasing trend of historical GHG emissions and associated
activity data. Two scenarios were developed based on the emission model that
is used in the national GHG inventory: a baseline / WOM scenario reflecting
the assumption that animal population and crop production follows the GDP
evolution, i.e. increase by 3.5% per year for the period 2020–2030; and a
WEM scenario reflecting the assumption that animal population and crop
production follow the evolution trend of GDP, i.e. an increasing trend, but
with reduced increasing rate, as it was calculated based on historical data
for the years where already a part of CAP policies has been implemented.
The reduced increasing rate compared to WOM scenario is attributed to the
effect of CAP (pillar I and II) and the disengagement of subsidies from the
agricultural production.

3 Case Study: Greece

By applying the methodological framework, which was presented in previous
sections, the total realistic quantifiable GHG emissions reduction potential
from the mitigation actions of Greece was estimated for years 2020, 2025 and
2030. In addition, an ex-post analysis of the mitigation effect was performed
for year 2015. The results of the analysis are presented in Table 1.

The total effect of mitigation actions in 2015 was calculated to be 25.8
Mt CO2eq, which is 25% of year 1990, which is the base year of the
Climate Convention (UNFCCC). Further, the total effect of the mitigation
actions, including implemented, adopted and planned policies and measures
that are included in the National Energy and Climate Plan of Greece [22] are
estimated to be 33.1 Mt CO2eq for 2020, 48.4 Mt CO2eq for year 2025 and
57.3 MtCO2eq for year 2030, which are 32%, 47% and 55% of the base year
emissions of Greece, respectively.
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4 Conclusions

The quantification of the effect of policies and measures to mitigate climate
change is a very useful exercise that can be used to meet a variety of
objectives, such as informing policy design, enhancing policy implementa-
tion, assessing policy effectiveness, justifying budget allocation to mitigation
actions, and attracting climate finance. It is also a reporting requirement
according to the current reporting framework of the UNFCCC and the
forthcoming Enhanced Transparency Framework of the Paris Agreement. In
addition, it is a reporting requirement for the climate-related reporting of EU
Member States to European Commission. However, according to the assess-
ment of European Environmental Agency [16, 17], the reporting of both
ex-post and ex-ante emission savings by EU Member States is incomplete
at a significant extent.

The proposed methodological framework, which was presented in this
paper, is currently applied by Greece for the assessment of the effect of
mitigation actions. The methodology is based on comprehensive and trans-
parent models and formulas that could be easily tracked and reproduced. It
is suitable for both ex-post and ex-ante evaluation and any possible inter-
ferences between policies and measures are taken into account in order to
avoid double counting. Since the activity data and information required by the
proposed framework are mainly based on the available official information
that is reported by Member States through the various reporting channels to
European Commission and UN bodies, the framework could be easily applied
by EU Member States, but also by other countries, to enhance the accuracy
and consistency of monitoring and reporting of the impact of mitigation
actions.

By applying the methodological framework proposed, it was possible to
estimate the total effect of mitigation policies of Greece for year 2015 (ex-
post analysis), but also for years 2020, 2025 and 2030 (ex-ante analysis), by
using available official information and reporting of Greece to EU and UN.
The total effect of implemented mitigation actions in 2015 was calculated
to be 25% of year 1990, which is the base year of the Climate Convention
(UNFCCC), while the total effect of the mitigation actions, including imple-
mented, adopted and planned policies and measures that are included in the
National Energy and Climate Plan of Greece [22] are estimated to be 32%,
47% and 55% of the base year emissions of Greece for years 2020, 2025 and
2030, respectively.
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