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1. Introduction

This report is prepared under Activity 4.2 of the European Union (EU)-funded project
"Technical Assistance for Developed Analytical Basis for Formulating
Strategies and Actions towards Low Carbon Development".

The overall objective of the project is to reduce anthropogenic greenhouse gas
(GHG) emissions in Turkey to contribute to the global efforts to mitigate climate
change in line with scientific evidence.

Speci fic pr o] esdncréasingmdiignal and localecapacity to prepare for
medium- and long-term climate action towards climate-resilient low-carbon
development, which will gradually align with the European Union (EU) climate policy
and legislation by providing an analytical basis to support realization of low carbon in
the long-term, focusing on cost-effective climate change mitigation actions related to
buildings, waste, transportation and agriculture sectors (National Climate
Change Action Plan - NCCAP).

The purpose of the project will be realized through the achievement of four distinct yet
highly interconnected results:

A Result 1/ (Component 1): Review of existing strategies in relation to climate
change.

A Result 2/ (Component 2): Preparation of regulatory and sectoral impact
assessments for EU climate acquis.

A Result 3/ (Component 3): Determination of the costs and emission mitigation
potential of the actions specified within the buildings, waste, transport, and
agriculture sectors of the NCCAP.

A Result 4/ (Component 4): Developing an analytical basis for possible strategies
and actions ensuring green growth in the long term.

The objective of Component 4 is to develop a solid, reliable, and sustainable
institutional capacity, and analytical approach supported by modelling tools to ensure
long-term low carbon pathways for Turkey. Component 4 covers GHG scenario
development for buildings, waste, transport, and agriculture sectors, and it aims to
determine carbon mitigation actions with climate, growth, and energy security
perspectives, which will provide significant benefit to Turkey.

Major outputs under Activity 4.2:

A The most promising GHG mitigation actions report

1 Republic of Turkey National Climate Change Action Plan (2011-2023), Ankara, 2011
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A Sectoral long-term GHG Mitigation options report
A Marginal abatement cost curve (MACC) analysis report

Activity 4.2 is focused on the identification of carbon mitigation activities entailing
significant benefits to Turkey with a perspective to reconcile climate, growth, and
energy security in the selected sectors.

The objective of this activity is to provide a list of the most promising GHG mitigation
actions for agriculture, buildings, transport, and waste sectors together with MACC
analysis. Another main objective is to provide list and description of the recommended
sectoral long term GHG mitigation options.

This report focused on the most promising GHG mitigation actions for agriculture,
buildings, transport, and waste sectors. GHG mitigation actions covered under
Component 3 and Activity 4.1 of the project are taken into consideration. In order to
provide a list of the most promising GHG mitigation actions, each action was analysed
in term of its cost-effectiveness, GHG mitigation potential, non-financial societal gains
and losses, applicability, and social resistance. Also, multicriteria analysis was carried
out to analyse environmental, social and economic impacts of the actions.

Scope of work for the most promising GHG mitigation actions report under
Activity 4.2 includes:

A Review of existing sectoral climate change policy framework

A Assessment of the sectoral GHG mitigation scenarios based on GHG emission
reduction potentials and costs

A Assessment of the potential societal gains and losses

A Analysis of gaps in current institutional, human capacity and legislative
framework for priority GHG mitigation scenarios implementation

A Analysis of other existing barriers and opportunities (economic, financial, social,
technological, etc.) for priority GHG mitigation scenarios implementation

A Preparation, translation, and dissemination of the final report

Key project stakeholders and target groups include:

Ministry of Environment and Urbanization i primary project Beneficiary
Ministry of Transport and Infrastructure

Ministry of Agriculture and Forestry

Ministry of Energy and Natural Resources

Turkish Statistical Institute (TurkStat)

Local-level governmental institutions

Other governmental agencies
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A NGOs and the private sector & with a focus on the key sectors of building,
transport, waste, and agriculture
A Academic and research institutions

Implementation of the project is managed by an international consortium led by
Human Dynamics (Austria), and the consortium also includes AESA (Belgium) and
Regional Environmental Centre (REC- Hungary and Turkey). All three consulting
companies have extensive track records of working on climate change-related issues,
and significant experience of project implementation in Turkey.

This report consists of seven main chapters and four annexes. Following the
introduction provided in Chapter 1 of the report, the criteria used for the selection of
the most promising actions is given in Chapter 2. Chapters 3-6 cover sectoral
background information, identification of the most promising GHG mitigation actions,
policy and institutional framework to support the identified actions for agriculture,
buildings, transport, and waste sectors, respectively.

Chapter 7 provides general conclusions for each sector together with
recommendations for further implementation of the sectoral GHG mitigation actions.

Annexes 1-4 provide the sectoral overview based on outputs from previous project
activities regarding the policy and institutional framework, GHG mitigation potential
and cost assessment of actions and scenarios, analysis of non-financial societal gains
and losses of the mitigation actions for agriculture, buildings, transport, and waste
sectors, respectively.
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2. Criteria for the selection of the most promising GHG mitigation
actions

Mitigation actions help in reducing greenhouse gas emissions so as to avoid adverse
environmental impacts due to global warming/climate change. Wide range of policies
and measures can be considered for GHG mitigation purposes. They have different
characteristics when evaluated using different criteria. For example, some actions may
be very cost-effective, while some may have an additional advantage of reducing local
pollution. Hence, prioritisation of the actions has to incorporate multiple criteria.

Under component 3 of the project, TAT conducted the initial screening and analysis of
climate change mitigation actions included in the NCCAP and other governmental
strategic documents and proposed list of mitigation actions which were discussed with
project stakeholders in sectoral WGs consultation meetings and 16 actions were
selected in agriculture, buildings, transportation, and waste sectors to be further
analysed in detalil.

Those 16 actions further analysed under component 3 and for each mitigation action
GHG emission reduction projection until 2050 was prepared using TIMES sectoral
models. Emission mitigation potentials and costs of GHG mitigation of each action
were defined. Under Activity 4.1, three ambition scenarios based on the mitigation
actions analysed under component 3 were designed for each sector, and sectoral
baseline scenario projections and sectoral low, medium, high ambition GHG mitigation
scenario projections until 2050 were conducted.

According to projectd §oR, the most promising GHG mitigation actions need to be
identified. TAT carried out further analysis for prioritisation and the final choice of the
sectoral GHG mitigation actions.

For this purpose, each action was analysed in terms of:

A GHG reduction potential

A Cost-effectiveness

A Applicability (ease of implementation),
A Social resistance/response

A Non-financial societal gains and losses,

Also, multicriteria analysis was carried out to analyse environmental, social, and
economic impacts of the actions.
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U GHG mitigation potential

Any mitigation action should aim to achieve a significant reduction in GHG emissions.
However, Turkey is a developing country and needs to continue its development.
GHG emissions will also increase in parallel to the development. Therefore, GHG
reduction is compared to the baseline scenario.

The GHG emission reduction potential of an individual action was determined under
Activity 3.1. Also, sectoral GHG emission projections were determined as low,
medium, high ambition GHG mitigation scenarios modelled under Activity 4.1.

For the analysis of the GHG mitigation potential, GHG emissions differences between
the baseline scenario and action scenario were analysed.

U Cost-effectiveness;

Achieving the emissions reduction at the lowest cost, i.e. reduction of emissions by
adopting the least costly measures is central for GHG mitigation.

The cost of implementation of an individual action was determined under activity 3.2.
Also, costs of actions for low, medium, high ambition GHG mitigation scenarios were
modelled under activity 4.1

In the analysis of the cost-effectiveness of mitigation actions, besides the total cost,
investment and operation & maintenance costs of action were considered. For the
cost/benefit analysis, the cost and GHG emissions differences between the baseline
scenario and action scenario were analysed. Also, the average cost of GHG emission
reduction as US$ per tonne of COze reduction was taken into account to assess the
cost-effectiveness of each action.

U Applicability

Applicability is one of the important factors in the implementation of selected actions.
In the assessment of the applicability of the actions, the below factors were
considered:

-

A Technical feasibility (availability of technical infrastructure, availability of
technology, etc)

Existence of national/sectoral policy to support the actions

Existence of a policy that limits or prohibits the implementation of actions
Level of ease of implementation of actions

> > >

U Social resistance/response

Public acceptance and support for the implementation of mitigation actions are crucial.
Social attitudes may affect how easy or difficult it is to implement actions to reduce
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emissions. Each mitigation action was examined to determine whether societal
preferences can be matched with specified actions. Basically, the existence of legal
instruments to push society and economy towards GHG mitigation was considered.

U Non-financial societal gains and losses,

Beyond the financial impacts of GHG reductions, mitigation actions have social,
economic, and environmental impacts such as improved livelihoods (better
transportation systems, health improvements), enhanced food security, improved air,
or water quality sustainable economic development through more job creations, so on.

The assessment of non-financial societal gains and losses of each action was
conducted under Activity 3.3. Several indicators were identified and analysed to
determine the social, economic, and environmental impacts of the actions. Positive
and negative impacts were evaluated to prioritise the sectoral GHG mitigation actions.

U Multi- criteria analysis approach for prioritisation of the GHG emission
mitigation actions

The difficulty in attributing clearly an observed GHG reduction to a particular measure,
since many sectors/sources are affected simultaneously by several measures, led to
a few ex-post evaluations focusing mainly on the cost-effectiveness of these
measures. Apart from individual efforts from many countries to conduct a multi-criteria
analysis for mitigation actions, researchers proposed sets of criteria for the systematic
evaluation of instruments, but not an evaluation tool leading to quantitative outcomes.

These sets were based on specific characteristics of the evaluated instruments and
were not part of an integrated MCA evaluation process.

Under Activity 3.3 of the project, a hybrid model for multi-criteria/multi-objective
analysis was applied, including the following steps:

1. Determination of general criteria: The general (top-level) criteria have been
selected as the

2. Determination of sub-criteria: The sub-criteria have been determined for each
of top-level criteria

3. Preparation of Multi-criteria matrix: The multi-criteria analysis matrix has been
prepared separately for each sector since the indicators for each sector have
been different from each other.

4. Filling out the matrix: The matrices have been filled out by the sectoral experts
from the state institutions and together with the experts of the project in order
to have a statistically meaningful result to the expend possible.
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5. Calculation of results: Results have been calculated summing up the total
points for each mitigation action and diving it to the number of sub-indicators in
order to achieve consistency in the results to the extent possible.

The results of sectoral multi-criteria analysis conducted under activity 3.3, were also
used for identification of the most promising GHG mitigation actions. Moreover, SWOT
analyses were made to define strengths, weaknesses, opportunities, and threats of
the actions and determine the most promising GHG mitigation actions.
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3. Agriculture Sector

3.1. Sectoral Background

The agriculture sector, in Turkey, has been the largest employer and a major
contributor to the GDP, exports, agro-industry and rural development, even though the
share of agriculture has been
employment decreased from 47% in the 1990s to 19% in 2018,2 the share in GDP also
declined 7 going down from 16% to 6% over the same period.® According to OECD
statistics?, the share of crop production in total agricultural production decreased from
68% in 1995 to 53% in 2017, on the other side, the livestock production increased
from 32% in 1995 to 47% in 2017. The shrink in crop production share can be
explained with the indicators given in Table 1:

Table 1. Some economic, productivity and environmental indicators®

declining in importance.

Indicator 1995 2017
Agricultural area (thousand ha) 39,493 38,327
Share of arable land in an agricultural 62 53
area (%)

Agriculture in GDP (%) 15.7 6.1
Nitrogen balance (kg/ha) 27.9 23.3
Phosphorus balance (kg/ha) 9.0 7.0
Sha_lre of irrigated land in an 79 101
agricultural area (%)

As seen from Table 1, the changes in indicators point out shrinking the crop
production. Especially, the increase in irrigated land share in a total agricultural area
is proof of the changes in precipitation patterns resulting in serious droughts because
of climate change. Turkey ins also experiencing an increase in annual mean
temperature. These impacts put pressure on freshwater availability.

Agriculture is a highly sensitive field in terms of climate change, as farming activities
are strongly influenced by climatic conditions. Even if agriculture is one of the major

2 TurkStat (2018), Labor Force Statistics, Press Releases, Multiple years

3 TurkStat (2018), Annual Gross Domestic Products, Press Releases, Multiple years

4 https://www.oecd-ilibrary.org/sites/8e41e24f-en/index.html?itemld=/content/component/8e41e24f-en

% REPUBLIC OF TURKEY
(7 i
.a@;% cll}/%gr’n?c's) MINISTRY OF ENVIRONMENT

public sector consulting

/7 AND URBANISATION



This project is co-financed by the European Union
and the Republic of Turkey.

contributing factors to increases in the GHGs in the atmosphere, it offers practical
solutions for decreasing emissions.

According to the IPCC fifth assessment report, one of the main mitigation options
within AFOLU (Agriculture, Forestry, and Land Use) is the reduction/ prevention of
emissions to the atmosphere by reducing emissions of CH4 and N20O and reducing
CO2 emissions by substitution of biological products for fossil fuels or energy-intensive
products.®

Agricultural activities represent the largest national sources of methane (CH4) and
nitrous oxide (N20) emissions. With regards to livestock management, two main
components can be thought of as the primary GHG emitters. These are enteric
fermentation and manure management. With regards to soil/crop management,
nitrogenous fertiliser usage is the main N20O emitters.

According to Tur KeyDowr IGHYGO $ ntvetndloraygr i cul t ur ;
55.4 million tonnes of carbon dioxide equivalent (COze) in 2015 and, the increasing

trend on GHG emissions was 28% from 1990 to 2015. This value equals to 12% of the

c o0 u ntotal @HG emissions. Moreover, the last 5- and 10-year trends show that there

was around a 4% increase per year in emissions.

Under Activities 3.1 and 3.2 of the Project, the GHG mitigation potential and cost
analyses were performed for the agriculture sector until 2050. The TIMES model was
used for the sectoral baseline and action-based mitigation scenario development.

Four GHG mitigation actions were selected from the sector as the joint decision of the
Beneficiary, sectoral project Stakeholders and the project experts. The selected
actions are;

A Using fat supplements in the diet (MA1-FAT)

A Centralised (big farm) level anaerobic digesters (MA2-BIOGAS)

A Adjust fertiliser application rates to realistic yield targets (MA3-FERTILISER)
A Crop rotation with legumes (MA4-ROTATION)

In the selection of the mitigation actions, four principle criteria were considered. These
are:

A Included in NCCAP and/or other governmental strategic documents
A Cost-effectiveness

5 IPCC, 2014: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group Il to the Fifth Assessment

Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S.
Kadner, K. Seyboth, A. Adler, |. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlémer, C. von Stechow,
T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

6Tur keyds 2019 Nat i on a httpd://mnicecint/doaument¥O48d9r t ( NI R) ,
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A High GHG mitigation potential
A Other non-financial societal criteria i social, economic, environmental, etc.

a GHG mitigation potential and cost (Activity 3.1&3.2)

The Baseline Scenario

The baseline scenario results showed that GHG emissions from the sector would
increase by 45% from 2015 to 2050. The expected emission potential would be
approximately 72 million CO2e in 2050 (Figure 1). Please see the prepared report’
under Activity 3.1 for the detailed facts and figures.

GHG potential trend in the Agriculture sector
according to baseline scenario

80 50%
S 50 - 40%
q% - 35%
30 34% - 30%
O 40 - - 25%
S30 - - 20%
c 21%

c B 15%
o 20 -

= 14% - 10%
o T - 0,
= 8% I 5%
s 0 - — - 0%

2015 2020 2025 2030 2035 2040 2045 2050
Year

@l Baseline Scenario —l=% Change in GHG potential compared to the base year

Figure 1. Baseline GHG potential trend of the agriculture sector

The emission increase was the results of the sectoral growth mainly related to the
population and GDP growth. As the agricultural production sizes increase sectoral
costs shows an upward trend as well. This growth will cause economic pressure on
the sector. As seen in Figure 2, the total baseline cost of the sector would increase by
122% until 2050 as parallel in expected sectoral growth. Please see the prepared
report® under Activity 3.2 for the detailed facts and figures.

7 LCDTR, 2019, Assessment of emission mitigation potential report, http://www.lowcarbonturkey.org/wp-

content/uploads/2020/02/LCDTR_Act-3.1 Report ENG.pdf
8

LCDTR, 2019, Financial assessment of the emission mitigation actions report, http://www.lowcarbonturkey.org/wp-
content/uploads/2020/02/LCDTR_Act-3.2_Report ENG.pdf
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Total cost of the agriculture sector according to baseline

scenario
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Figure 2. Baseline cost trend of the agriculture sector

Mitigation Action 1 (MA1) - Using fat supplements in the diet

This action was selected and modelled to analyse how to decrease the level of CHa
emissions from livestock by manipulating animal diet. As mitigation action, fat
supplements, which is one of the most preferred diet manipulation techniques to
produce lesser CH4 emissions from an enteric fermentation process, was proposed to
be used. As a fat supplement, sunflower oil was selected by considering its economic
and supplying advantages than the other fat supplements. Please see Annex 1.2 for
the detailed results.

Mitigation Action 2 (MA2) - Centralised (big-farm) level anaerobic digesters

This action was selected and modelled to decrease the level of CHs4 and N20
emissions from livestock by improving the handling and storage conditions of animal
manure. Manure can release GHGs if it is left in contact with the atmosphere.
Anaerobic digestion is a natural process driven by microorganisms which produce
biogas and through upgrading biomethane. Biogas and biomethane are two renewable
energy carriers which provide electricity, heat and fuel. As another benefit of this
technology is that biogas plants also create another valuable product. Digestate
(organic fertiliser) is very nutrient and organic matter rich product and can be used as
fertiliser on the soil. According to Anaerobic Digestion and Bioresources Association,

11
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1 tonne of synthetic fertiliser replaced with digestate saves 1 tonne of oil, 108 tonnes
of water and 7 tonnes of CO2 emissions.® Please see Annex 1.2 for the detailed results.

Mitigation Action 3 (MA3) - Adjust fertiliser application rates to realistic yield targets

Rainfed areas in Turkey are increasingly being converted to irrigation in order to
stabilise or increase yields of crops such as wheat, barley. This conversion to irrigated
land also generates an increase in nitrogen fertiliser use, which can lead to adverse
environmental impacts such as N2O emitted to the atmosphere.

Fifteen crops were selected to estimate N fertilisation amounts of each and to compare
them with their optimal N fertiliser usage according to the fertiliser usage guide by the
Ministry of Agriculture and Forestry (MoAF). As a result of calculations, based on the
data received from the MoAF, for seven crops in selected fifteen were determined that
much more nitrogen fertiliser than the optimal amount was applied to them. These
crops are; maize, dry bean, sugar beet, canola, alfalfa, cotton, and soybean. Please
see Annex 1.2 for the detailed results.

Mitigation Action 4 (MA4) - Crop rotation with lequmes

Crop rotation is an agricultural practice applied in aiming to increase the fertility of the
soil and the effectiveness of weed and pest control. With this practice, even if GHG
mitigation is not targeted as a priority action, if legumes are used as rotated crops, this
practice will make a good contribution in producing less N2O emissions via less
fertiliser application.

In this study, five different single and complex crop rotations were applied. The crops
of wheat, barley and maize were selected to get into rotation with the most appropriate
legume crops in terms of being in rainfed or irrigated systems.

For irrigated system wheat was rotated with chickpea, barley rotated with lentil, and
maize rotated with soybean and cow vetches together.

For rainfed system wheat was rotated with chickpea and cow vetches together, and
barley rotated with lentil and sainfoin together. Please see Annex 1.2 for the detailed
results.

a Non-financial societal gains and losses of the actions (Activity 3.3)

Under Activity 3.3, a report was prepared based on an assessment of the non-financial
societal gains and losses of the mitigation actions, focusing on social, economic, and
environmental impacts.

9 http://adbioresources.org/about-ad/how-ad-benefits-everyone
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The social, economic, and environmental assessments conducted within this study
considered both qualitative and quantitative assessments together with findings from
other countries for similar mitigation actions.

The study also included a multi-criteria analysis for the mitigation actions in each
sector to support the decision-makers for prioritisation of the actions. The multi-criteria
analysis was conducted by the sectoral experts in an interactive way together with the
key state institutions as the policy-makers.

Below sub-cr i t eri a were determined to analyse
actions in terms of other positive and negative non-financial societal gains and losses.

For social assessment,

0] food security
(i) education and learning;

For economic assessment,

0] employment- job creation/loss

(i) financing-monthly/average income/subsidies,

(i) innovation-implementation of efficient technologies,
(iv)  energy security, availability of renewable energy

For environmental assessment,
0] water, soils, and other natural resources

Table 2 summarizes the qualitative and gquantitative assessment of all mitigation
actions of the agriculture sector in social, economic, and environmental. Please see
Table 54 in Annex 1.3 for the detailed results of this assessment.

Table 2. Summary of a qualitative and quantitative assessment of mitigation actions in the
agriculture sector

Selected Mitigation Actions for Agriculture Sector
Centralised . .
) i . : Adjust fertiliser
Indicators Sub-Indicators Using fat (big farm) ! application . Crop
supplement in level ... | rotation with
. | rates to realistic
the diet anaerobic ield targets legumes
digesters y 9
. . High negative Low negative Low negative
Food security Food Productivity ; . .
(%)

y % impact impact impact
Z—’; I;: Level of education Low negative Low negative Low negative Low negative

8 % Education and impact impact impact impact
z learning . Low negative | Low negative Low negative | Low negative

Access to education . . . .

impact impact impact impact

Zoo " . " "
0350 . Low positive Very high Both positive and | Low positive

Eu) % z ';: SEERTE! oD EEETEEES impact positive impact | negative impact impact
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Financin Monthly/average High negative Low positive | Both positive and | Low negative
9 income, subsidies impact impact negative impact impact
Implementation of -, . -
Innovation efficient LO\ﬁvmpO;C':Ne LO\?vmpc;sglve LO\?vmpc;sglve
technologies p p p
. Availability of Very high
SR Renewable Energy
. . Very high
. . Very high Very high i
| il G positive impact | positive impact positive
P impact
> 8 i
g |9 Water, soils, and Fresh water Very high Veor;/it?\llgeh
Z< other natural resource quality positive impact Fi)m act
o g resources P
Sz
5 a jodi i ; . Very high
i Biodiversity Very high Very high ositive
(ecologic value) positive impact | positive impact Fi)mpact

u Ambition scenarios for GHG mitigation (Activity 4.1)

Under Activity 4.1, these actions were integrated to make up a different level of
scenarios by considering four determinative factors. These factors are GHG mitigation
potential, cost potential, social response, and applicability level. Therefore, three
different levels of ambition scenarios were made up based on these factors (Table 3).

Table 3.

Three-level ambition scenario design

Low Ambition Scenario

Medium Ambition Scenario

High Ambition Scenario

Adjust fertiliser application
rates to realistic yield targets
(fully implementation)

Centralised (big-fam) level
anaerobic digesters (%15 until
2050) (partial implementation)

Centralised (big-fam) level
anaerobic digesters (%25 until
2050) (full implementation)

Using fat supplements in the
diet (%5 until 2050) (partial
implementation)

Using fat supplements in the
diet (%210 until 2050) (full
implementation)

Adjust fertiliser application
rates to realistic yield targets
(full implementation)

Adjust fertiliser application
rates to realistic yield targets
(full implementation)

Crop rotation with legumes (full
implementation)

Crop rotation with legumes (full
implementation)

Low ambition scenario

Low ambition scenario should have minimum barriers to implementation in terms of
cost, applicability, and social response. Therefore, this scenario for the agriculture
sector was decided to have only one mitigation action - iIMA3-FERT | L |, 8 &

human
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in action-based scenario design, the same implementation rate (its hypothetic
maximum potential) was applied.

According to TIMES modelling results, this scenariod s c o nt toithe GHG
mitigation from the sector would be at most 0.8% (in 2050) compared to the baseline
scenario. The total cost of this scenario would be just 0.08% higher than the cost of
the baseline scenario in 2050. As given in detail under the report on Activity 4.1, this
scenario can be though as the most applicable one. Please see Annex 1.2 for the
detailed results.

Medium ambition scenario

According to the scenario designing approach, medium ambition scenario was
assumed to include all four mitigation actions. Considering the GHG mitigation
potentials and costs, the changes in the implementation rate were only made for the
following actions (Please see Table 3 for the new implementation rates of the actions
under each of scenarios):

A MAL1 - Using fat supplements in the diet,
A MAZ2 - Centralised (big-farm) level anaerobic digesters.

Since the implementation rates of two other actions were accepted as the same with
action-based scenario study, thus, no change has been made in the implementation
rates of them (their hypothetic maximum potential was applied). These actions are:

A MA3 i Adjust fertiliser application rates to realistic yield targets,
A MA4 i Crop rotation with legumes

According to TIMES modelling results, t hi s scenari obs contri

mitigation from the sector would be at most 6.7% (in 2050) compared to the baseline
scenario. The total cost of this scenario would be 11.9% higher than the cost of the
baseline scenario in 2050. The modelling results also showed that this scenario is less
cost-effective than high ambition scenario in per tonne GHG reduction because the
incomes from the sales of electricity and compost are lower than that of high ambition
scenario. In detail, medium ambition scenario was shaped on the assumption that the
maximum implementation level of MA2-BIOGAS was that up to 10% of total animal
manure would be processed in anaerobic digesters, while this ratio in the high ambition
scenario was determined to be at most 25%. Please see Annex 1.2 for the detailed
results.

High ambition scenario

As expected, the higher the ambition level of the scenario is, the higher the reduction
will be in the total CO2 emissions. All four actions were included in this scenario with
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their maximum implementation levels which were determined in the action-based
scenario study, made under Activity 3.1 and 3.2 of the Project.

According to TIMES modelling results, t hi s scenari ob6s contri

mitigation from the sector would be at most 10.6% (in 2050) compared to the baseline
scenario. The total cost of this scenario would be 16.7% higher than the cost of the
baseline scenario in 2050. Please see Annex 1.2 for the detailed results.

3.2. Identification of most promising GHG mitigation actions

With the term ofitigclearly undgistoadntatsthe rmgtion(s) have
minimum implementation barriers in aspects of social, economic, and environmental.

As it has been discussed in the previous reports under Activity 3.1, 3.2 and 4.1, all four
selected mitigation actions for the agriculture sector have different levels of GHG
mitigation potential, mitigation cost and various social, economic, and environmental
impacts.

When determining the most promising action(s), four mitigation actions were evaluated
in every aspect. These aspects are:

A GHG mitigation potentials and mitigation costs of actions obtained as a result
of the modelling study,

A Social response and applicability levels of actions as an expert opinion, used in
the determination of the ambition scenarios.

A Qualitative and quantitative assessments in terms of social, economic and
environmental of actions.

A Multi-criteria analysis results, as the stakeholder opinion obtained during the
WG Workshop.

The results of some of abovementioned are summarised in Section 3.1. These
analyses provide information on which action to be selected as the most promising
action.

In addition, under Activity 3.3, a WG workshop was held on January 17" 2020. During
the workshop, a scoring multi-criteria analysis matrix was filled out by the sectoral
experts from the State institutions in order to get their opinions regarding the
prioritisation of actions in every aspect and have a statistically meaningful result. The
analysis result is to be such as to complementary in determining the sectoral most
promising mitigation action(s).

As detailed, in the multi-criteria analysis matrix, the relations of the criteria and sub-
criteria to the selected mitigation actions and their impacts on these actions were
asked to the participants. And, they were asked to score each action by that purpose.
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Please see Table 4 the multi-criteria decision analysis result of sectoral participants

for the agriculture sector.

Table 4. The agriculture sector multi-criteria analysis result

energy

Multi-Criteria Analysis Total Score
MA2- MAS3-Adjust
MAL1- Usin Centralised fertiliser
fat " (bi falrm) a Iilclation MA4- Crop
No |Sub-indicators ¢ PP rotation with
supplements level rates to
. . . o legumes
in the diet anaerobic realistic
digesters yield targets
Cost Impacts (based on TIMES modelling results)
Mitigation cost per tonne in
1 2050 32 48 80 16
GHG mitigation Impacts (based on TIMES modelling results)
GHG mitigation potential in
1 89 71 18 18
2050
Social Impacts
1 |Food productivity 418 - 613 830
2 | Level of education 491 404 457 390
3 | Access to education 471 365 396 334
Economic Impacts
4 | Job creation/loss 468 486 495 455
Monthl
5 |Monthly/average 430 395 388 423
income/subsidies
5 Implementation of efficient
technologies
2 Availability of renewable

public sector consulting

Environmental Impacts

8 | Soil quality 1221 1165

9 | Freshwater resource quality 1206 971

10 | Biodiversity 984 1039
Overall Score 2622 6059 6307 5641
Score per indicator 328 606 573 564
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According to the multi-criteria analysis results of the workshop-participated sectoral
stakeholders show that the second and third mitigation actions (MA2-BIOGAS and
MA3-FERTILISER) were seen as the most appropriate ones.

When calculated the average score of sectoral stakeholders, it is found that MA3-
FERTILISER is in the first place in overall and the second place in per indicator score,
whereas, MA2-BIOGAS is in the second place in overall and the first place in per
indicator score.

In light of all findings under previous activities of the Project before the determining
most promising actions, each action should be assessed in terms of their strengths,
weaknesses, opportunities, and threats (SWOT). This simple analysis will enable to
making a more accurate assessment in the selection of the most promising GHG
mitigation actions by presenting all positive and negative aspects of the actions.

In the SWOT analysis, the strengths and weaknesses of the actions were determined

based on TIMES modelling (potentials and costs under Activities 3.1 & 3.2). Expert
opinions regarding actions applicability and social response expressed during the
sectoral scenario designing under Activity 4.1. And the Stakeholders opinions received
during Activityods 3 :cRerid\dBalygoresklts. Oppartunities amdu | t i
threats were determined as specific social, economic, and environmental impacts of
analysed GHG mitigation actions based on quantitative and qualitative analysis of the
actions under Activity 3.3.

Please see Table 5, Table 6, Table 7 and Table 8 for the SWOT analysis results, made
for every action.

Table 5. SWOT analysis for mitigation action 1 (using fat supplements in the diet)

Mitigation Action 1 7 Using fat supplements in the diet

IMPACTS STRENGTHS WEAKNESSES

TIMES Modelling Results

The highest potential 1 6.7%
GHG mitigation potential lower than that of the baseline
scenario in 2050

The second lowest cost T 3.1%
GHG mitigation cost higher than that of the baseline | High product transition cost
scenario in 2050

Expert Opinion

Low-level applicability in terms of

Applicability technology and policy
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Social
Response/Resistance

Low-level social response / high-
level social resistance

Stakeholder Opinion

Multi-criteria analysis
results (total aggregated
score)

Its per indicator score is 328 1 far
below the average score of 518

IMPACTS

OPPORTUNITIES

THREATS

Qualitative and Quantitative Assessment

Social impacts

Increased awareness and
education level of farmers

May create demand problems at
products for other purposes

1 High costs of some fat
supplements compared to

Economic impacts NA other products
1 High costs of laboratory
facilities
Environmental impacts NA NA

Table 6. SWOT analysis for mitigation action 2 (Centralised (big-farm) level anaerobic

digesters)

Mitigation Action 2 7 Centralised (big-farm) level anaerobic digesters

IMPACTS

STRENGTHS

WEAKNESSES

TIMES Modelling Results

GHG mitigation potential

The second highest potential T
2.7% lower than that of the
baseline scenario in 2050

GHG mitigation cost

The second highest costi 6.5%
higher than that of the baseline
scenario in 2050

Expert Opinion
Low applicability level due to lack
Applicability of current technological
infrastructure
Social Very low social response or high

Response/Resistance

social resistance

human
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Stakeholder Opinion

Multi-criteria analysis
results (total aggregated
score)

The most preferred action by
stakeholders. Its per indicator
score is 606 i above the
average score of 518

IMPACTS

OPPORTUNITIES

THREATS

Qualitative and Quantitative Assessment

Social impacts

1 Increased awareness and
education level of farmers
Creation of new jobs
Encourage setting-up farm
cooperatives or farm
enlargement
1 Veterinary safety through
sanitation

f
f

NA

Economic impacts

1 More renewable energy
opportunity and lesser
dependence on fossil-fuel-
based energy production

1 Possible income from the
processing of waste
(tipping fees), sale of
organic fertiliser, carbon
credits and sale of power.

1 Biomethane production
(used replace of natural
gas, liquified natural gas
(LNG))

1 YEKDEM mechanism

Dependence of feed-in-tariff
on political circumstances/lack
on long terms perspective
Increase in fuel usage due to
manure transportation

Environmental impacts

The high fertiliser value of
digestate (sanitized
compost)

I Soil and water quality
improvement if used
replace of synthetic N

NA

fertilisers
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Table 7. SWOT analysis for mitigation action 3 (Adjust fertiliser application rates to realistic
yield targets)

Mitigation Action 3 7 Adjust fertiliser application rates to realistic yield targets

IMPACTS STRENGTHS WEAKNESSES

TIMES Modelling Results

The second-lowest potential 1
GHG mitigation potential 0.7% lower than that of the
baseline scenario in 2050

The lowest cost T 0.1% higher
GHG mitigation cost than that of the baseline
scenario in 2050

Expert Opinion

Applicability High applicability level

Social High social response or low

Response/Resistance social resistance

Stakeholder Opinion

Multi-criteria analysis Its per indicator score is 573 1

results (total aggregated above the average score of

score) 518

IMPACTS OPPORTUNITIES THREATS

Qualitative and Quantitative Assessment

Increased awareness and

education level of farmers NA

Social impacts

Lower externalities such as
energy and fuel consumption Potential increase in costs due to
from N fertiliser production and | soil analysis requirement

transport

Economic impacts

1 Soil and water quality
improvement thanks to
lower N fertilization usage

1 Lower externalities such as
energy and fuel
consumption from N
fertiliser production and
transport

Environmental impacts NA

21

REPUBLIC OF TURKEY
: MINISTRY OF ENVIRONMENT
7 AND URBANISATION

®
ynaml CcS

public sector consulting



This project is co-financed by the European Union
and the Republic of Turkey.

Table 8. SWOT analysis for mitigation action 4 (crop rotation with legumes)

Mitigation Action 4 1 Crop rotation with legumes

IMPACTS

STRENGTHS

WEAKNESSES

TIMES Modelling Results

GHG mitigation potential

The lowest potential i 0.4% lower
than that of the baseline scenario

in 2050

GHG mitigation cost

The highest cost 7 7.0% higher

than that of the baseline scenario

in 2050
Expert Opinion
Applicability High applicability level
Social High social response or low

Response/Resistance

social resistance

Stakeholder Opinion

Multi-criteria analysis
results (total aggregated
score)

Its per indicator score is 564 1
above the average score of
518

IMPACTS

OPPORTUNITIES

THREATS

Qualitative and Quantitative Assessment

Social impacts

Increased awareness and
education level of farmers

1 Lack of information on
selecting crop species and
sequences or weed control

1 Possible challenge
consistency with traditional
practices

Economic impacts

NA

Loss of market opportunities

Environmental impacts

1 Soil and water quality
improvement thanks to
lower N fertilization usage

1 Increasing of soil carbon
storage

1 Improvement pesticide and
disease control

i Prevent soil erosion and
improve water retention

NA

human
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The SWOT analysis shows us that each mitigation action has positive and negative
results from different perspectives. The evaluation of the analysiséresults is given
below.

Mitigation Action 1 7 Using fat supplement in the diet

This action should not be one of the most promising actions of the sector because of
its very few positive outcomes according to SWOT analysis. According to the
assessments of sectoral experts, the only positive impacts of this action is that having
high GHG mitigation potential rather than other actions.

Mitigation Action 2 7 Centralised (big-farm) level anaerobic digesters

This action has been found to have quite positive outcomes compared to others, as a
result of the analysis. Therefore, this action can be considered as the most promising
action under the agriculture sector.

Mitigation Action 3 17 Adjust fertiliser application rates to realistic yield targets

This action has also been found to have quite positive outcomes compared to others.
Therefore, this action can be considered as the most promising action under the
agriculture sector.

Mitigation Action 4 i Crop rotation with legumes

This action should not be one of the most promising actions of the sector because of
its very few positive outcomes according to SWOT analysis.

In light of the above assessments, it makes sense to select the following actions as
the most promising mitigation actions.

A Mitigation action 2 i Centralised (big-farm) level anaerobic digesters
A Mitigation action 3 i Adjust fertiliser application to realistic yield targets

3.3. Recommendation on policy and institutional framework to support
most promising GHG mitigation actions

GHG mitigation in the agriculture sector should be pursued in the context of national
sustainable development. Policy priorities and objectives are outlined in national and
sectoral development plans that have been approved through politically mandated
processes. In that context, under Component 1, all sectoral related policies, strategies
and action plans, relevant to climate change, were analysed in detail. In this Section,
only existing policies which are appropriate for the most promising GHG mitigation
actions are summarised. In Table 9, these existing policies that support the most
promising mitigation actions are given. For detailed information about each policy,

23

- %l';;t.
&
'ynamics
%'T_% w«f

public sector consulting

N REPUBLIC OF TURKEY
MINISTRY OF ENVIRONMENT
/7 AND URBANISATION



This project is co-financed by the European Union
and the Republic of Turkey.

please see the reports'® prepared under Component 1 or please see Annex 1.1 for

the summary of the policies.

Table 9. The existing policies that support the most promising GHG mitigation actions for the

agriculture sector

Policies

Mitigation Action 2 - Centralised
(big-fam) level anaerobic
digesters

Mitigation Action 3 - Adjust
fertiliser application rates to
realistic yield targets

Turkey's Intended Nationally
Determined Commitment (INDC)

Controlling the use of fertilisers and
implementing modern agricultural
practices

National Climate Change Action
Plan (2011-2023)

Increasing utilization of animal-sourced
fertilizer and training farmers on this

subject

Strengthening the infrastructure of Soil
and Fertiliser Analysis Labs

Preparing training programmes for
management and use of animal-
sourced fertilizers and establishment of
biogas production facilities

Preparing Tur
consumption inventory, spreading
analysis-based fertilizer use

National Energy Efficiency
Action Plan (2017-2023)

Encouraging the use of renewable
energy resources in agricultural
production

Identifying agricultural by-products and
waste potential

Law on Soil Protection and
Land Use No. 5403

providing protection and development
of sail by preventing soil loss and
quality loss

Organic Agriculture Law No:
5262

controlling fertilizer use

By- law on Chemical Fertilizer
used in Agriculture

controlling chemical fertilizer use

By-law on protection of waters
against pollution caused by
nitrates from agricultural
sources

Aiming
determination/mitigation/prevention of
groundwater, surface water pollution
caused by nitrates and nitrate-based
components from agricultural sources.

Regulation on Renewable
Energy Resources Support
Mechanism (YEKDEM)

A purchase price of what YEKDEM
mechanism guarantees to investors of
biomass/biogas is 13.3 cent$/kWh

For the full implementation of the most promising actions, the recommendations given

below should be followed:

10 LCDTR Project, Technical reports under component 1, http://www.lowcarbonturkey.org/technical-reports-c1/
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Strengthening the units, capacity building and coordination between
institutions: As stated above, these policies and strategies have not been prepared
directly for the implementation of these mitigation actions. In certain extent, these
actions can make benefit from the implementation of these policies and strategies.
The new and effective policies should be formulated for the full implementation, and if
necessary, some arrangements should be made in the institutional structure.

It is known that the collective effort to mitigate GHG emissions in the agriculture sector
has been weak. The higher mitigation potential in the sector is only possible with
effective policies, strategies and institutions. Various departments under the Ministry
of Agriculture and Forestry (MoAF) conduct related activities and different range of
projects in this respect. General Directorate of Agricultural Reform is the main
responsible body responsible for climate change policies in the agriculture sector.
Under this Directorate, the Department of Agricultural Environment and Natural
Resources Conservation is the focal point of climate change-related issues in the
Ministry. This department does not only conduct the climate-related projects but also
it takes part in other environment and agriculture-related projects. Under this
department, two separate branches can be established. These can be:

A Climate change adaptation branch,
A Climate change mitigation branch.

In case the establishment of the new branches, the climate change mitigation branch
should be responsible for managing all tasks related to low carbon development in the
agriculture sector.

Department
g : General of Agricultural
Mlms;r?gc?:f cﬁg;ltcuiture — Directorate of —>  Environment and
ry Agricultural Reform Natural Resources
Conservation
Climate Change Climate Change

Adaptation Branch Mitigation Branch

Figure 3. Recommendation on establishment of new branches in the MoAF to strength LCD in
the agriculture sector

There are also further needs for capacity building in the related departments of the
MoAF. For effective implementation, enforcement, monitoring and auditing of the
policies, strengthening the institutional structure and the coordination between
institutions, departments, ministries are also necessary.
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Maintaining and expanding environmental agricultural policies, and
harmonizing with EU agricultural policies: The agricultural policy instruments are
complex and diverse in general. Their legislative framework is also complex.
Therefore, it is difficult to understand whether the policies are well implemented.
Because policies are useless if there is no implementation, monitoring, enforcement,
and evaluation. For this reason, simplification can be made in agricultural policy
instruments, and their goals can be specified more clearly.

Since there is also a lack of climate change mainstreaming in all agricultural policies
and enabling policy initiatives, as a recommendation, the policies should address
climate action more than before, and this action should be expanded, well-monitored
and evaluated in detail.

Environmentally Based Agricultural Land Protection Project (CATAK) scheme, which
is one of the agricultural policy tools, lead farmers to environmentally friendly practices.
Maintaining and expanding such supports would also contribute to implementing the
most promising GHG mitigation actions.

As in other sectors, efforts to harmonize with the EU agricultural policy has been
continued in the agriculture sector. Alignment with the EU Common Agricultural Policy
(CAP) is also a requirement for low carbon development. Therefore, it is important that
the adaptation of Turkey's agriculture policies to the CAP and its climate-related policy
tools, including cross-compliance and green payments.

Economic& financial empowerment: Turkey has a growing economy and
population. Thus, the demand for agricultural products would be higher in the future.
On the other hand, the implementation of most promising GHG mitigation actions can
cause income losses due to a break in the agricultural supply chain, which includes
farmers, intermediates, wholesaler, and retailers. For that purpose:

-

A Needs analysis can be made to enable an economic and financial
empowerment

A Subsidies or financial supports can be provided that would not cause problems

in the market and ensure the sustainability of agriculture.

Strengthening the agricultural database: Undoubtedly, it is possible with the right
policy tools to improve the database system for obtaining more accurate data. Turkey
has a large amount of agriculture-related data, and these data are mainly compiled
and distributed by national state institutions and organizations. However, it is clear that
there are still some data deficiencies that restrict both the number of studies and the
decision-making process. For example, at the projection phase, data on input usage
per product and per province, or data on per capita food consumption were as data
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that sectoral experts had difficulty in accessing the information. For that purpose, a
robust inventory system can be built using the agricultural database, and then a gap
and needs assessment can be made.

Besides, there are deficiencies in putting on short, medium- and long-term sectoral
targets. For example, there are no forecasts, projections, or targets in many issues
such as the agricultural land size, animal numbers, crop production pattern, and per
capita food consumption, and so on.

At least for basic agricultural parameters and projections related to most promising
GHG mitigation actions should be made, and targets should be determined.

Improvement of R&D on GHG mitigation in the agriculture sector: There is a
department under the Directorate of Agricultural Research and Policy of the MoAF that
is responsible for climate change researches, and this department supports and leads
the researchers who make climate-related studies. However, the department still
needs to fill the gaps in improving the research and development studies to fulfil the
requirements on implementing most promising GHG mitigation actions. For example,
in that purpose, much more studies, projects and researches should be made. As for
recommendations:

A Identification of the priority areas, and guiding the researchers to study on them,
A the allocation of more funds,
A the promotion of international collaborations.

Awareness-raising activities for farmers: Farmers tend to sustain their traditional
habits and customs in agricultural practices. They have a lack of knowledge,
awareness, and consciousness on the preservation of natural resources and the other
environmental concerns. Therefore, GHG mitigation from the sector is possible with
the full integration of the farmers. In that purpose:

A Awareness-raising activities of farmers should be increased.
A Farm advisory and extension activities of MoAF should be more related to
climate-related subjects.

3.4. Conclusion

As mentioned in previous reports, the sector has very few policies regarding GHG
mitigation. The existing policies are mostly based on GHG mitigation in the sector due
to energy savings. This study showed that with the establishment of a robust
implementation system, a significant amount of GHG mitigation could be achieved
from the other components of the sector based on TIMES modelling results. The
selected mitigation actions are targeting the reduction of GHG emissions from two
subsectors: livestock management and soil/crop management. Before these actions
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are modelled, collected data from stakeholders were used in determining the emission
factors based on IPCC 2006 guidelines, and then these emission factors were
transferred to the TIMES model individually; thus, their mitigation potentials and costs
were reported in 5-year periods until 2050.

Under Activity 4.1, these actions were then combined, and different levels of ambition
scenarios were designed to be run in TIMES model. On the other side, these actions
were assessed in terms of their social, economic, and environmental impacts and this
study results were given in the report, prepared under Activity 3.3.

The most promising GHG mitigation actions of the sector were selected as a result of
SWOT analysis, which has been made based on corresponding outcomes of the
several project activities (Activities 3.1& 3.2& 3.3& 4.1). As a result, the two most
promising actions were selected for the agriculture sector. The one targets reducing
GHG emissions from livestock management, whereas the other targets reducing
emissions from soil/crop management.

MAZ2-BIOGAS was selected as one of the most promising actions from the agriculture
sector. Briefly, the main reasons of the selection of this action are that animal manure
is the very highly efficient feedstock for the biogas plants, high potential of GHG
mitigation from manure management and it has many positive social, economic, and
environmental impacts.

MA3-FERTILISER was also selected as another most promising GHG mitigation
action mainly because of having slightly low mitigation cost and many positive social,
economic, and environmental impacts. This action was selected as the most preferred
one by the stakeholders as a result of the multi-criteria analysis matrix.

Some existing policies support these two actions. Especially, NCCAP is the main
supporting document. The list of the current policies, which support most promising
GHG mitigation actions is given in Table 9. However, new policies should be
formulated by the lawmakers for full implementation of the GHG mitigation actions.
Some recommendations for that purpose are also made in Section 3.3. In a nutshell,
please see below the policy and institutional recommendations:

A Strengthening the units in the MoAF that are responsible for climate change
issues.

A Enhancement of capacity building and coordination between related
institutions.

A Maintaining and expanding environmental agricultural policies; harmonizing
with the EU agricultural policies.

A Economic& financial empowerment through the supply chain
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A Filling the gaps and strengthening the agricultural database.
A Improvement of R&D on GHG mitigation in the agriculture sector.
A Awareness raising activities for farmers.
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4. Buildings Sector

4.1. Sectoral Background

The building sector is one of the most important consumers of final energy, where
32.3% of the final energy consumption in Turkey were consumed by the buildings in
2017. Hence, the buildings sector is among the most energy-intensive sectors, and it
is one of the prioritized areas for all policies and programs dealing with increasing
energy efficiency and combating climate change. Buildings sector has one of the
highest energy efficiency potential levels among all sectors.

Final energy consumption of Turkey increased from 42.2 Mtoe in 1990 to 111.7 Mtoe
in 2017. Industrial sector and buildings are the highest energy-consuming sectors, and
they together account for around 65-70% of final energy consumption. In 2017, the
industrial sector accounted for 32% of final energy consumption, residential,
commercial and institutional buildings sector - 32%, transportation - 26%, and
agriculture - 4%.11

GHG emissions from buildings (residential and commercial/institutional) sector were
55.5 Mt COze (32.2 Mt from residential, 23.43 Mt from non-residential buildings) in
2015. This amount accounts for 16.5% of total fuel combustion emissions and 11.8%
of total GHG emissions. Total energy consumption in the buildings sector was 32.3
Mtoe in 2015. Of which, 36.1% was natural gas, 28.7% electricity, 18.4% was coal,
13.7% was renewables, and 3% was liquid fuels (Figure 4).11

Liquid fuels
- — N

Natural gas
36.1%

= Coal = Liquid fuels = Natural gas = Renewables = Electricity

Figure 4. Energy consumption in buildings, 20151

11 MENR, 2018, Energy balance tables, https://www.eigm.gov.tr/tr-TR/Denge-Tablolari/Denge-Tablolari
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a GHG Mitigation Actions of Buildings Sector

The building sector is one of the most important consumers of final energy, where
32.3% of the final energy consumption in Turkey were consumed by the buildings in
2017. Hence, the buildings sector is among the most energy-intensive sectors, and it
is one of the prioritized areas for all policies and programs dealing with increasing
energy efficiency and combating climate change. Buildings sector has one of the
highest energy efficiency potential levels among all sectors.

Various mitigation scenarios are included in several national policy documents and
strategic papers. Detailed analysis of these documents and sectoral targets were
already presented within the scope of Component 1 activities of this Project. Selected
GHG mitigation policy actions, among the ones in the National Climate Change Action
Planl, within the scope of this Component will be as listed in Table 10.

Table 10. Suggested actions for Buildings sector in Turkey

Selected Mitigation Actions

Increasing the usage rate of energy-efficient appliances in buildings

Improving the energy performance of existing buildings via improved
insulation and energy-efficient windows

Energy-efficient buildings with efficient heating and cooling systems

According to AThe Demand for GHG Emi ss
Turkey, prepared for EBRDO report, wh i
greenhouse gas emissions in Turkey over the period 2010-2030, and estimates their
cost, across a range of sectors of the economy, these selected mitigation actions do
have high cost-effectiveness with an important abatement potential. Brief descriptions
of these measures are presented below.

Mitigation Action 1 (MA1)- Increased use of more energy-efficient appliances:

One of the suggested mitigation actions for building sector towards low carbon
development in Turkey is increasing the usage rate of energy-efficient appliances in
buildings.

Electrical household appliances comprise an important part of the electricity
consumption, which in turn generates GHG emissions in the buildings sector.
According to a study, electrical appliances consume about 20% of the total energy in
the residential sector. Electricity consumption in a dwelling by household appliances
is shown in Table 11.
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Table 11. Distribution of electricity consumption in residential buildings*?

Appliance Share (%)
Refrigerator 31.1

Air conditioner 15.0
Washing machine 8.5
Dishwasher 35

Dryer 3.2
Heaters 9.3
Television 6.7
Lightning 11.7
Other 10.9

Using more efficient devices will provide decreased energy consumption taking into
consideration the huge number of dwellings in the sector. Thus, it is important for

consumers to adapt to using efficient appliances with higher energy class. There are

mainly seven energy classes defined based on the energy consumption for the

electrical household appliances, which are A, B, C, D, E, F and G classes. G class

represents the lowest energy class, being the most inefficient, which consumes
approximately twice the amount of electricity compared with the A-class appliance.

Thus, using higher energy class appliances will ensure lower electricity consumption

leading to reduced GHG emissions. According to the energy labelling regulation in

Turkey, three additional classes are defined as A+, A++ and A+++. These three

classes show the most efficient technologies. According to the statement on energy

labelling of domestic refrigerator equipment published by the Ministry of Energy and

Natural Resources, a refrigeratorthathas an AAO0 c¢cl ass energy eff
|l ess energy than a AB classo while spending -
with AD classo and AG classo efficiency, re
with AA classo eff i% ileenscsy eunseersg y3 2t% aann dii D4 8c | a
energy labels, respectively.!® This proves that using higher class efficiencies will result

in large savings in electricity consumption in the buildings sector.

12 Retrieved from http://www1.mmo.org.tr/resimler/dosya _ekler/728306c33e38495 ek.pdf, Date of access: 30.01.2019

13 Retrieved from http://www.resmigazete.gov.tr/eskiler/2012/06/20120622-18.htm. Date of access 25.7.2019
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Mitigation Action 2 (MA2)- Improving the energy performance of existing
buildings with insulation:

Another policy option is improving the energy performance of existing buildings by
means of increased use of insulation and energy-efficient windows.

According to NCCAP, 20% of the total energy consumed by the building sector comes
from electricity and 21% from other renewable resources such as solar, geothermal,
wood, animal and vegetative wastes.

As also explained in the previous technical reports of this Project, the thermal
insulation of existing buildings has a significant GHG emission mitigation potential
since around 82% of the total energy delivered to residential buildings is being used
for space heating purposes according t
by Growth from Knowledge (GFK) Turkey in 2009. On the other hand, the share of
insulated buildings in total existing buildings is only about 20%. Thus, insulation has
an important GHG emissions reduction potential in the sector, considering the huge
amount of existing building stock. The building stock constructed before 2000, i.e.
before the TS-825 standard was adopted, has a poor thermal performance. Buildings
without insulation consume approximately twice the energy of the newly built ones.

According to the General Directorate of Electrical Power Resources Survey and
Development Administration, cooling and fuel savings are estimated as 2,400 GWh
and 2.3 Mtoe, respectively, until 2023 with insulation of around 10 million residences.

The heat insulation requirements are regulated by the standard TS 825 standard

ATher mal l nsul ation Requirements for Bui

Furthermore, the Regulation on Energy Performance in Buildings is an important step
towards increased energy efficiency in buildings. The implementation of BEP
Regulation starting from the design phase is mandatory for both new and existing
buildings since 2011. According to BEP regulation, existing buildings should have
Energy ldentification Certificate without any class limit but new buildings shall at least
have C-Class Energy ldentification Certificate until 2020. This promotes passive
houses and using nearly zero-emission building (nZEBs) technologies as well as
insulation.

It should be noted that although these measures may have initial investment costs that
may be considered as high by the building owners, the abatement potential in the
operational phase is large and the cost is not high considering the savings with more
efficient applications.
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Mitigation Action 3 (MA3)- Utilization of efficient heating and cooling
technologies:

Improving energy efficiency in the buildings by more efficient heating and cooling
systems is also among the selected policies for Turkey.

Heating and cooling technologies with high emission reduction potential for buildings
mainly include solar thermal, combined heat and power (CHP), heat pumps and

t her mal storage technol ogi es. /Awremypeffidienn g
Buil dings: Heating and Cooling Equi pmento

Agency, energy-efficient heating and cooling technologies for buildings have the
potential to reduce CO2 emissions up to 2 gigatonnes (Gt) and save 710 million tonnes
oil equivalent (Mtoe) of energy globally by 2050.14 The report states that increasing
utilization of more efficient heat pumps technologies have around 63% saving potential
among the heating and cooling technologies. Similarly, solar thermal systems can
contribute up to 29% of the savings from these implementations. Although not as large
as the other two options, CHP technologies have a share of about 8% of the total
savings with these measures.

Baseline Projection

Regarding the building stock data, population, policies, and heating& cooling electricity
demands of buildings, a baseline definition and estimation of buildings were done. The
estimated GHG emission projection is summarized in Table 12. The estimated
increases in building floor area and GHG emissions during the period 2015 - 2050
were found to be approximately 80% and 72%, respectively.

Table 12. Comparison of the current state with an estimated projection of the buildings sector

Years Total building floor Population (people) GHG Emissions

area (m?) (kt CO»)
Base Year 2015 ~3,262,901,098.11 78,741,053.00 54,595.80
Projected 2050 5,863,468,714.63 104,749,423.00 93,929.32
Growth rate (%) 79.7% 33.0% 72.0%

In addition, in Table 13, the baseline GHG emission, energy consumption and total
costs projection by 2050 are listed with periods of five years. The first column provides
CO2emissions in line with the national GHG emissions for the buildings sector, which
excludes CO:2 emissions from electricity and biomass consumption. The baseline
energy consumption projection is listed in the second column, and the last column

14 https://www.iea.org/publications/freepublications/publication/buildings_roadmap.pdf Date of Accession: 30.01.2019
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shows total costs projection which includes investment cost, operation/maintenance
costs, and energy flow cost. Besides the values of the equipment at 2050 are also
added to the total cost for the 2050 projection.

Table 13. Baseline projection estimations by years

Year Baseline GHG Co rfsnuer;gp};ion o Ccl)JSStS’?S)(N“”ion
(kt COglyear) PJ)
2015 54,595.80 1,357.55 11,196.0691
2020 65,774.01 1,633.96 22,275.285
2025 69,916.68 1,811.04 36,850.1575
2030 77,618.63 2,006.21 46,740.9118
2035 82,739.77 2,155.94 51,430.07
2040 86,595.35 2,258.14 55,53.2028
2045 90,220.10 2,341.43 58,702.0361
2050 93,929.32 2,418.60 60,576.9
52;”3&:;;“58?;? 72.0% 78,1% 441%

In Figure 5, the projection of the energy consumption of buildings year by year until
2050 is illustrated. The residential and non-residential buildings share in the energy
consumptions are also indicated in Figure 5.
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Energy Consumption in Buildings
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Figure 5. The estimated energy consumption projection in the buildings sector until 2050

For the cost assumptions in the buildings sector, investment (Cost_Inv), energy
(Cost_Flo) and maintenance costs (Cost_Fom) of the building technologies were
taken into account, and the total costs of actions were estimated. The share of each

cost can be seen in Figure 6.

Total Costs of Buildings
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Figure 6. The estimated total costs projection of the buildings sector until 2050
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Assessment of GHG mitigation actions

For the building sector there are three mitigation actions identified based on their high
cost-effectiveness with an important abatement potential. In TIMES model, each of the
three-action implemented by the approaches defined in Table 14.

Table 14. Defining the GHG mitigation actions for the Buildings sector

Action | Action Definition Action name Action Implementation
Increasing usage rate of . . .
ener ef?icientga liances Increasing the penetration level of high
1 in bu?I)(;in s (hi hsrpthan APPL_RSD efficiency appliances being not less
gs {hig than 70% to 98%
A+)
Improving energy
performance of existing Implementation of various kinds of
2 buildings (improved INS_RSD insulation technologies being not less
insulation and energy- than 64% of total building stock
efficient windows)
- - Increasing the penetration level of very
Energy efficient buildings - . . . :
3 heatiiy and cooling s gtem HCS_RSD highly efficient heating and cooling
g gsy systems being not less than 30%

These three mitigation actions were analysed based on GHG mitigation potential,
energy saving cost and emission abatement cost in order to compare with baseline
scenario and reveal the gradation to each other.

First, each of the three actions were analysed based on their GHG mitigation

potentials. Mitigation Action 2 (MA2)-fi | mpr ovi ng

bu

Action 3 (MA3)- AUt i |l i zati on

di ngs with

at
of

i nsul

the energy perfo
iond has t heigatiomwe st C
efficient heating a

highest. In 2050, by baseline scenario, MA3 will reduce GHG emissions at level of
17,4%, while MA1 and MA2 will reduce 5.5% and 2.0%, respectively (Figure 7).

The other evaluation criteria is the cost of emission abatement. It is necessary to have
a projection on cost effectivity while evaluating mitigations. Based on the costs of
mitigation, MA1 seems to have the highest costs till 2035 however later no cost
assigned for this action. Meanwhile, MA3 also lowers the cost till 2035 but then the
cost curve trends to increase. MA2 has the minimum cost for GHG abatement among
others. It also has a digressive rate continuously till 2050 (Figure 8).

The other cost evaluation is dedicated to energy saving. Based on the 2050 energy
saving cost projections of each mitigation action, it is found that MA2 has the lowest
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energy saving cost and MAL1 follows that action. On the other hand, MA3 has a
decreasing trend of costs till 2050, but it has still the highest amount among the three

actions (Figure 9).

CO2 Mitigation Potentials

25000
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o
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Figure 7. GHG mitigation potentials of three actions of the Buildings Sector
Emission Abatement Cost
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Figure 8. GHG mitigation cost of three actions of the Buildings Sector
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Energy Saving Cost
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Figure 9. Energy saving costs of three mitigation actions of the Buildings Sector

Assessment of the buildings sector GHG scenario results

In TIMES model, which was created to define future scenarios based on building
sector dynamics, analysis based on low, medium, and high ambition scenarios was
carried out as well. In the formation of these scenarios, penetration levels were
considered with a realistic projection until 2050.

The evaluation of these scenarios is based on three basic criteria such as GHG

mitigation, energy savings and cost-ef f ecti veness. Under t he
mitigationo, the potenti al projection of <car
on these actions. AEner gy savingo i S t he

consideration during assessments. A comparative analysis will be made by looking at

energy saving/consumption with GHG mitigations during the interpretation of the
results. Withinefhecscoppreonsocesval uation i
cost definitions. Those costs are; i) Investment Cost (Cost_Inv), ii)
operation/maintenance cost (excluding fuel) (Cost_Fom), iii) Expense Cost (fuel

expenses including electricity) (Cost_Flo), iv) Equipment Value in 2050 (Cost_Salv).

However, the analysis of cost-effectiveness is done mainly regarding total costs

revealing the rates of each specific cost.

In terms of GHG mitigation potential, it is understood that reduction amount is
increasing as the ambition is increased. With the high ambition scenario, it seems
possible to reduce CO2 emissions by 43157.20 kt in 2050. This reduction takes place
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depending on the technology recommended in mitigation scenarios, and in line with
the widespread use of renewable energy.

The energy-saving potential follows a parallel trend similar to GHG mitigation. It is
observed that efficient system selection increases the energy-saving potential with the
measures to be taken especially for building components. Accordingly, the energy-
saving potential for each scenario tends to increase steadily, approximately doubling
the previous one. Although a saving of 170.61 PJ will be achieved in 2050 within the
scope of the low ambition scenario, this value can increase up to 679.83 PJ with the
high ambition scenario. Details of the scenarios are given in Annex 2.2.

Beside GHG emission reduction potential (individually or in a scenario), mitigation
actions provide several social, economic, and environmental impacts which are
generally positive and perceived as gains. These are summarised below with
associated risks and limitations:

Social (Sc) Impacts:

1 Scl- Poverty Alleviation- Affordability of energy services
Fuel poverty depends on two factors that are fuel consumption and income. By
reducing the energy consumption, mitigation actions of improving the energy
performance of existing buildings (improved insulation and energy-efficient windows)
and energy-efficient buildings - heating and cooling systems alleviate fuel poverty even
if the income of the citizens do not change. Therefore, the implementation of these two
actions creates better conditions in terms of fuel poverty in comparison to the baseline.

The only negative side that needs to be considered is the rebound effect, which is a
negative consumer behaviour that entails an increase of consumption as affordability
or fuel poverty is alleviated. Rebound effect may result in an undesirable possibility of
cancelling the effects of mitigation actions by consuming more energy in other
activities. It is claimed that the direct rebound effect of space heating (MA3) can be
anywhere between 101 30%.%°

1 Sc2- Health-Indoor air quality
The indoor air quality is determined by the level of pollutants, some of which have
adverse effects on health such as carbon monoxide or radon and others have no
effects, present. The pollutants of concern may vary according to the type of building.
These pollutants may arise from human activities, products including heating,

15 Umwelt Bundesamt, 2014. Rebound effects. URL: https://www.umweltbundesamt.de/en/topics/waste-resources/economic-

legal-dimensions-of-resource-conservation/rebound-effects Date of access: July 2019
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ventilation, and air conditioning (HVAC) systems, combustion processes, mould, or
outdoor air pollution.®

The net effect of building energy efficiency improvement, motivated by climate
change, on indoor environmental quality, comfort, and health cannot be predicted with
confidence.” Energy efficiency measures, covered under MA2 and MAS3, can have
both positive and negative effects on indoor air quality.

Most prominent positive effects include the improvement in thermal comfort and
decrease in concentrations of indoor air pollutants. However, these measures can also
lead to increased concentration of outdoor air pollutants, including particulate matter
and ozone. These trade-offs imply that it is quite challenging to come up with a single
indicator definition for measuring the impact of mitigation actions on indoor air quality,
which is also very dependent on the type of the exact technology used.

1 Sc3i Quality of Life - Energy demand/expenditure
Similar to energy consumption, all mitigation actions create favourable results in
terms of energy demand/expenditure in comparison to the baseline scenario. In
addition to that, trade-offs like embedded carbon and embedded energy are also valid
here.

Economic (Ec) Impacts:

1 Ecl- Employment- Job creation/loss:

The mitigation actions covered in this study requires economic/manufacturing
activities to be undertaken in different sectors. Under the first mitigation action (MA1),
both research and development of energy efficient appliances and their manufacturing
over the years can lead to job creation. For improving the energy efficiency of existing
buildings in MA2, manufacturing of insulation materials and energy-efficient windows
along with the implementation of these systems in the buildings would create new job
opportunities. Likewise, installation of energy-efficient heating and cooling systems
can create manufacturing and installation-related jobs in the building sector, covered
by MA3.

1 Ec2 - Innovation-Implementation of energy-efficient technologies
All mitigation actions require investments in energy-efficient technologies in the form
of efficient household appliances, efficient insulation systems and efficient heating and

16 European Commission JRC, 1996. European Collaborative Action Indoor Air Quality and its Impact on Man. i Report No 17:

Indoor Air Quality and the Use of Energy and Buildings. URL: http://www.inive.org/medias/eca/eca_reportl7.pdf Date of
access: June 2019

17 Berkley Lab, Indoor Air Quality Scientific Findings Resource Bank: Building Energy Efficiency. URL:
https://iagscience.lbl.gov/cc-building Date of access: June 2019
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cooling systems. The cons that can be identified for this indicator is the R&D expenses,

which in fact can be covered fullyorparti al | y via R&D funding

or European Commission, as well as the possible end-of-life effects due to systems
being replaced by efficient systems and technologies. These end-of-life effects would
be in the form of waste generation from replaced materials and equipment and are
handled under the waste generation indicator.

Energy efficiency in the building sector is one of the important research areas in terms
of the development of energy-efficient technologies as well as the development of
novel/high-performance insulation materials. In order to understand the relation of
R&D activities with the mitigation actions, European and Turkish R&D programs were
reviewed.

Project focus areas in relation to mitigation actions covered under this study include:

>\

Nanotechnology-based envelope materials (MA2)

Advanced insulation materials from industrial by-products (MA2)

Windows combined with PCMs and dynamic glass-polymer composites (MA2)
Renovation of historic buildings (MA2)

Modular and non-enhanced facade and wall panels for new buildings (MA2)
Combination of insulation and heat exchanger component for adaptive energy
harvesting (MA2 and MA3)

Renovation solution packages & deep energy renovation strategies (MA2)
Improvement of indoor air quality (MA2)

Nano-enhanced HVAC research and monitoring (MA3)

Energy storage systems (MA3)

Information and communications technology (ICT) applications for energy
management (MA3)

> > > > D>

> > > > D>

In addition to a review of R&D programs, investment gaps were evaluated for energy-
efficient technologies in buildings. In Turkey, significant new construction activities
driven by Urban Transformation Plan will provide an opportunity for implementation of
energy efficiency measures in new buildings. It is estimated that residential building
stock will increase from 2.4 billion m? in 2015 to 4.0 billion m? in 2050 because of new
construction activities. Therefore, the application of the best energy efficiency
technologies and acceleration of renovation rates in existing buildings have
importance. There is an additional investment potential of EUR 3.2 billion, which is
50% higher than current investments, for energy efficiency technologies in Turkey 18,

18 GlZ, 2018. Turkish Building Sector Energy Efficiency Technology Atlas. URL: https://www.giz.de/de/downloads/qiz2019-en-

turkish-building-sector.pdf Date of access: November 2019
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Environmental (Env) Impacts:

1 Envl - Water, Soil, And Other Natural Resources 1 Energy Consumption

All mitigation actions create favourable results in terms of energy consumption in
comparison to the baseline scenario as they all target reduction of electricity or fuel
consumption in buildings. Despite their energy savings potentials, there may be hidden
trade-offs in the form of embedded carbon and embedded energy due to
manufacturing of new appliances, HVAC systems, and in particular insulation
materials. Although the scope of assessment under this study does not cover the
whole life cycle of these materials and equipment, the gains in energy consumption
and embedded energy should be considered holistically to identify any possible cons
in relation to implementing these actions. Care should be taken with regards to any
physical components that are made of out of metals, which may be produced as a
result of high-temperature processes, as well as insulation materials out of
petrochemicals.

1 Env1 - Water, Soil, And Other Natural Resources - Water Consumption:
Water consumption is relevant for MA1 that is increasing usage rate of energy-efficient
appliances in buildings (higher than A+), which is the only mitigation action that creates
an intersection between energy consumption and water consumption. Energy-efficient
appliances, in particular dishwashers and washing machines, are expected to spend
less water. Achieving both better energy and water efficiency simultaneously is a pro
for this mitigation action.

1 Envl - Water, Soil, and Other Natural Resources - Waste Generation
Waste generation indicator is basically concerned with the end-of-life impacts of the
mitigation actions, which quantifies the amount of waste that would be generated as a
result of the implementation of mitigation actions. Consequently, MA1 and MA2, as
guantified below, create a less favourable situation in comparison to baseline, in terms
of waste generation indicator.

The details of the quantitative impacts and indicators are given in Annex.2.3.
4.2. ldentification of most promising GHG mitigation actions

In terms of the building sector, mitigation actions were evaluated based on three basic
criteria (indicators) - applicability, cost, and social resistance (response), and,
accordingly, GHG mitigation actions penetration levels were determined (see the
report under Activity 4.1). These penetration level values were analysed in the TIMES
model, and the results obtained were evaluated in the same report. The potentials of
each action in the context of high, medium, and low ambition scenario were evaluated
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based on GHG emissions, energy-saving and cost-efficiency. The results obtained in
this context are summarized in terms of:

A GHG mitigation potential (based on TIMES modelling results),
A Cost-efficiency (based on TIMES modelling results),

A applicability (ease of implementation),

A social resistance (response),

A non-financial societal gains and losses.

GHG Mitigation potential

The analysis of each action has shown that Action 3 (MA3)- fJtilization of efficient

heating and cooling technologiesd6 has t he hi ghest pmitgaiont i al r
In_addition to this evaluation, the combined effect of mitigations for low, medium and

high ambition scenarios were also explored in order to reveal the most promising

action.

Despite the increase of floor area in buildings, it is seen that GHG emissions only
make a slight reduction in the high-ambition scenario for residential buildings.
Considering high rates of the current residential building stock and the trend of
constructing the new ones until 2050, the high ambition scenario should be a target in
order to reduce GHG emission. For the non-residential buildings, even for the high
ambition scenario, relatively significant decrease at GHG emission can be observed.

It can be said that the most important issue for non-residential buildings is to
encourage the use of technologies based on renewable energy. For non-residential
buildings, it is found that a significant reduction is not possible even in high ambition
scenarios.

Regarding residential buildings, a sudden decrease in CO2 emission occurs during the

first 5 years period. This is particularly because the traditional systems of residential

buildings are expected to change with the ones that have a high potential of GHG

mitigation. Comparing with the bas el i ne s cenar i fosSilshasedsfuelu mpt i o
usage at residential buildings, the effect of the system change will immediate seen in

2025.

Even though the most effective strategy for high ambition scenario is to consider low
carbon technologies for building systems, it should be noticed that GHG mitigation
actions need to be evaluated together with the investment costs to determine an
optimum level.

Considering the energy-saving potential of 3 scenarios, high ambition scenario reveals
the highest performance, which includes well-insulated building envelope, energy-
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efficient devices and high-performance renewable energy systems used for heating
and cooling.

Cost-Efficiency

In terms of cost-effectiveness, the increase in initial investment costs is seen as an
important evaluation criterion. Evaluation of cost-optimized solutions is required by
considering the payback period of the technologies to be selected. The decrease in
expense costs with the consideration of renewable energy alternatives and the
absence of a significant change in total costs are also seen as positive results in terms
of overall cost assessment.

Regarding the cost of emission abatement, Mitigation Action 2 (MA2)-Ai 1l mpr ovi ng
energy performance of existing buildings
other words, lowest cost.

Buildingsd GHG mi heragpehesiitohighest eweltin 2026 when also
the high investment costs are defined. It keeps decreasing slightly throughout each 5
years period till 2040 and stays almost stable at that level. This general trend is true
for all scenarios. While comparing each scenario, the most cost-effectiveness will be
possible with the high ambition scenario. On the other hand, it should be noted that
while evaluating GHG mitigation potential, GHG emission caused by electricity
consumption was not taken into consideration.

For the energy saving cost per MWh, the buildings sector demonstrates a higher level
of savings when compare with GHG mitigation costs. A very similar trend can be seen
for the energy-saving cost, which reaches its maximum value in 2025 and is on a
decline throughout each 5 years period till 2040. Similarly, as to GHG mitigation cost,
the minimum cost for energy saving will be possible for the high ambition scenario.

t
Wi

For the energy saving cost potential, Mitigation Action 2 (MA2)-A 1l mpr ovi ng t he
nsu

perf or mance of existing buil dings wi t h i
among three.

Applicability

Il n the building sector, the fAapplicabilitybo

be considered both, in a technical and social context. Technical changes in existing
residential buildings may not be directly applicable. Therefore, when evaluating the
defined actions in terms of feasibility, technical competence is taken into account as a
priority. At the same time, the availability of the needed equipment for implementation
and its diversity in the market is considered as other criteria. Thus, equipment and
material supply, craftsmanship, legal obligations, and limitations are the main factors.
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Also, not only the technical factors but also social/aesthetic factors (facade layout,
colour, spatial order, etc.) may have an impact on applicability.

Social Resistance

A social resistance based on social interactions and cultural behaviours is foreseen
for each and every action to be implemented in the buildings sector. The change in
the known order, not having the visual expectation met, extensive misleading can be
shown as the main reasons for social resistance. It is expected that the housing user
will be aware of the individual and social benefit resulting from the actions. This level
of awareness is different for each action. At the same time, the building resident is
expected to be ready to accept the results of each action. This readiness may be
possible through a structure supported by written and visual media.

Non-financial societal gains and losses

Beyond the financial impacts of GHG reductions, mitigation actions have social,
economic, and environmental impacts. Based on the sustainable development
dimension, both mitigation actions of the building sector are perceived as positive in
terms of all impact categories: social, economic, and environmental.'® Table 15 shows
the summary of positive and negative impacts of both mitigation actions.

Table 15. Summary for Impacts of Mitigation Actions in the Buildings Sector

Mitigation Actions
Increasing usage rate ( Improving the ener - -
Type of g g {mp g .g)_/ Energyefficient buildings
impact energyefficient performance of existing heatina and coolingvstem
P appliances in buildings| buildings 9 ey
1 Health benefits of
avoiding low winter
indoor temperatures . N
1 Supports poverty 1 Reduction in adverse 1 Increas_ed indoor air qug
Positive alleviation due to health effects of heat depending on the
impacts decreased share (_)f stress during heatwavi technology used
energy expenses in { Increased indoor air 9 Decreased household
Z:' household budgets quality energy expenses
O 9 Decreased household
3 energy expenses
9 Thermal insulation of
building envelope may
) lead to reduced moisty . .
Negative removal by the air 1 Decr_eased mdpor air
. NA . : : quality depending on thg
impacts conditioner, increasing technoloay used
indoor humidity and 9y
associated risks of ind
microbial growth

19 hitps://www.ipcc.chisite/assets/uploads/2018/02/ar4-wg3-chapter10-1.pdf
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9 Creates employment  Creates employment | Creates employment

®) Positive opportuniti.es - opportuniti'es ' opportuniti.es -
= . 9 Promotes innovation| § Promotes innovation | Promotes innovation
@) impact
Z 1 Reduceenergy 1 Reduces energy 1 Reduces energy
8 consumption consumption consumption
w Negative

. NA NA NA

impact
Z:' Positive
= _ 1 Reduces Water NA NA
5 impact consumption
% 1 Some insulation can e
®) _ pollutants, e.g., spray
%‘ Negative | q May increase in was| foam insulation if not |{ May increase in waste
S impact generation properly installed generation
L 1 May increase in waste

generation

Multi-Criteria Analysis (MCA)

This study aims at integrating a multi-criteria analysis among the findings of the Project
in order to support the policymakers to choose and prioritize the mitigation actions of
focus for each sector.

Multi-criteria analysis for the buildings sector has been done with the participation of
7 experts from the Stakeholder institutions. The social, economic, and environmental
results have been revealed below. It should be noted that the results for each
mitigation action are close to each other; therefore, for a more accurate result, more
participants should be involved in the multi-criteria analysis.

The points given for social, economic, and environmental evaluation are as follows:

Table 16. Scores for Buildings Sector MCA

BUILDINGS SECTOR MCA TOTAL SCORE
Sub-indicators MA1 MA2 MA3
Social Impacts

Affordability of Energy Services 262 289

Energy Demand/Expenditure 254 285 303

Indoor Air Quality 134 128
Economic Impacts

Job Creation/Loss 164 141 220

Implementation of Efficient Technologies 339 331 381

Environmental Impacts

Waste Generation 237 175 !
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Energy Consumption 429 365 379
Water Consumption 386

Total scores for each MAs are as follows:

Table 17. Total scores for each MCA

Social

Economic

Environmental

Social Prioritisation: The results revealed that MA1, followed by MAS. It should be
noted that MA1 had been evaluated against energy consumption sub-indicator, where
it is ranked as the 3. among the other MAs. The social prioritisation of the MAs are as
follows:

1. MAL: Increasing usage rate of energy efficient appliances in buildings

2. MA3: Energy efficient buildings - heating and cooling system

3. MA2: Improving energy performance of existing buildings (improved insulation

and energy-efficient windows)

Economic Prioritisation: The MCA for economic prioritisation revealed that MA3 has
been considered as the priority action among the participants. MA3 has been followed
by MA1 and MA2. The prioritisation of MAs against economic indicators have been as
follows:

1. MAZ3: Energy-efficient buildings - heating and cooling system

2. MAL: Increasing the usage rate of energy-efficient appliances in buildings

3. MA2: Improving the energy performance of existing buildings (improved

insulation and energy-efficient windows)

Environmental Prioritisation: MCA results revealed that MA3 had been chosen as
the priority MA followed by MA1 right behind. MA2 scored much lower compared to
the other two MAs. The prioritisation of the MA for environmental evaluation is as
follows:

1. MAS: Energy-efficient buildings - heating and cooling system
2. MAL: Increasing the usage rate of energy efficient appliances in buildings
3. MA2: Improving the energy performance of existing buildings (improved
insulation and energy-efficient windows)
Overall Prioritisation: MA1 has ranked as the first among the other MAs in the overall
prioritisation. This can mainly be attributed to its high environmental performance
compared to the other MAs. MAL1 is followed by MA3 and MAZ2, respectively.
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Table 18. Overall scores per indicator for each MA

Total score

Below is the overall ranking for building sector MAs:

MA1

Score per indicator 301.5

1. MAZL: Increasing the usage rate of energy efficient appliances in buildings

2. MA3: Energy-efficient buildings - heating and cooling system

3. MA2: Improving the energy performance of existing buildings (improved
insulation and energy-efficient windows)

SWOT Analysis

SWOT analysis applied to Buildings sectorémitigation actions is given in Table 19,

Table 20, and Table 21.

Table 19. SWOT analysis for mitigation action 1- Increasing the rate of use of energy-efficient

devices in buildings (higher than A +)

Mitigation Action 1 T Increasing the rate of use of energy-efficient devices in buildings (higher than

A +):

IMPACTS

STRENGTHS

WEAKNESSES

TIMES Modelling Results

GHG mitigation potential

The lowest potential i 0% no
reduction in emissions since it
relates to saving in electricity
consumption.

GHG mitigation cost

The second highest costi 7,2 %
higher than that of the baseline

Expert Opinion

High-level of applicability in

Response/Resistance

Applicability terms of implementation and
cost.
Social High-level of social support

/Low-level of social resistance

Stakeholder Opinion
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Multi-criteria
results (total

analysis
aggregated

Its per indicator score is 301,5
i above the average score

score) (Average score is 285,4)

IMPACTS OPPORTUNITIES THREATS
Qualitative and Quantitative Assessment

Social impacts NA NA

Economic impacts

The impact can be easily
followed by the energy bills and
simply controlled.

High costs of equipment compared
to other products

Environmental impacts

May decrease environmental
impact by means of low energy
consumption.

May create an environmental
problem if one considers the life-
cycle process of the products.

Table 20. SWOT analysis for Mitigation Action 2 - Improving the energy performance of the
existing buildings (improved insulation and energy-efficient windows)

Mitigation Action 2 7 Improving the energy performance of the existing buildings (improved

insulation and energy-efficient windows):

IMPACTS

STRENGTHS

WEAKNESSES

TIMES Modelling Results

GHG mitigation potential

The second-lowest potential T
5,6% reduction,

GHG mitigation cost

The lowest cost i additional
required cost for this action will
be approximately 500 million
US$, which is the lowest
additional cost among all three
actions.

Expert Opinion

Applicability

High-level applicability in terms
of technology and policy

Social
Response/Resistance

High-level social response

medium level social resistance

Stakeholder Opinion
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Multi-criteria analysis | Its per indicator score is 241,9
results (total aggregated | i below the average score
score) (Average score is 244)
IMPACTS OPPORTUNITIES THREATS
Qualitative and Quantitative Assessment
- I f
Soil fiisees ncreased awareness 0O NA

occupants

Economic impacts

The impact can be easily
followed by the bills in the long
term.

High investment cost may be
necessary.

Environmental impacts

May decrease environmental
impact by means of low energy
consumption.

May increase environmental
impact in terms of the life cycle of
the products.

Table 21. SWOT analysis for Mitigation Action 3- Energy-efficient buildings i heating and

cooling systems

Mitigation Action 3 7 Energy-efficient buildings i heating and cooling systems:

IMPACTS

STRENGTHS

WEAKNESSES

TIMES Modelling Results

GHG mitigation potential

The highest potential i 26,1%

reduction (excluding electricity

consumption) i 7,8% reduction
(including electricity

public sector consulting

TURKEY
ENVIRONMENT
7 AND URBANISATION

consumption)
L The highest costi 40% higher
GHG mitigation cost g . ° g .
than that of the baseline scenario
Expert Opinion
A Low-level applicability in terms of
Applicability PP . y
technology and policy
Social Low-level of the social support/
Response/Resistance high-level of the social resistance
Stakeholder Opinion
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Multi-criteria analysis Its per indicator score is 383,37

results (total aggregated far above the average score
score) (Average score is 306,5)
IMPACTS OPPORTUNITIES THREATS

Qualitative and Quantitative Assessment

May cause technical applicability

Social impacts NA o
P problem for current building stock.

High investment cost should be
The impact can be seen on the | necessary.

bills in the long term. May determine low payback in the
long term.

Economic impacts

May decrease environmental
Environmental impacts impact by means of low
resource consumption.

Renewable energy potential may
not be available for each case

So, based on the above SWOT analysis, Mitigation Action 2 - Improving the energy
performance of the existing buildings (improved insulation and energy-efficient
windows) reveals as the most promising GHG mitigation action in the building
sector. Applications envisaged in this action include either modifying only the
transparent areas of the building envelope (windows) or improving the whole building
envelope by adding or renewing thermal insulation material. Especially within the
framework of building energy performance regulation, the precautions to be taken on
the opaque and transparent surfaces of the envelope are well understood and started
to be applied both for the existing buildings and the structures to be newly designed.
This has been chosen as the most promising improvement that can be implemented
without requiring additional huge costs.

4.3. Recommendation on policy and institutional framework to support
GHG mitigation actions

For the building sector and construction industry, governmental enforcements are the
triggering factors for applicability and support of the GHG mitigation actions. In the
eleventh development plan®° of the Turkish Government, there are several statements
which drew a framework for understanding the official approach to GHG mitigation.

20 Presidency of Strategy and Budget, 2019 11" Development Plan, http://www.sbb.gov.tr/wp-

content/uploads/2020/03/0On_BirinciPLan_ingilizce SonBaski.pdf
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The devel opment plands ALivable Cities and
with the statement below:

A R adly increasing population, urbanization, economic activities and diversified
consumption habits increase the pressure on the environment and natural
resources. Environmental problems such as environmental pollution, climate change,
desertification, deforestation, loss of biodiversity and droughts more apparently affect
human life and development process each day. It is seen that climate change
accelerating due to high greenhouse gas emissions causes natural disasters and
poses a serious threat to humanity. Sustainable environmental and natural resource
management and building of livable cities are becoming more and more important in
the world where demand and consumption are i

Livable cities are only possible with a group of individually efficient and effective
buildings. The relation between carbon emissions and energy consumption is obvious.
Technology and equipment requisites for GHG mitigation needs extra cost, which is
also another substantial parameter to consider. Hence, a starting point will be energy
policies, which also lead to a necessity to generate development plan on protection of
the environment.

I n the fAenergyo section of the devel opment
reduce carbon emissions will be developed through additional measures such as

energy efficiency improvements and increasing forest assets. Regarding the
renewable energy potential, it states that electricity generation from renewable energy

sources will be increased and necessary planning and investments will be realized in

order to ensure the safe integration of renewable energy generation to the grid.

Besides, the integration of renewable energy generation facilities into the grid and

related technical assistance projects will be implemented.

For the buildings, it is mentioned that in the development period, a share of the
buildings which are more efficient and produce their own energy will be expanded.
Energy efficiency in existing buildings will be promoted through support systems.
National Green Building Certificate System will be established. Energy Efficiency in
Public Buildings Project will be implemented.

Currently, the heat insulation requirements are regulated by the standard TS 825

ATher mal l nsul ation Requirements ftomonBui |l di
Energy Performance in Buildings is an important step towards increased energy

efficiency in buildings.

Accordingly, in the Aprotection of environme
main objective is to protect the environment and natural resources, improve quality,
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ensure effective, integrated and sustainable management, implement environment-
and climate-friendly practices in all areas, and increase environmental awareness and
sensitivity of all segments of the society.

Although all these approaches in the eleventh development plan of the Turkish
Government, which can be associated with the building sector, are very positive, it is
clear that there are still more things to be done. Mitigation Action 2 - Improving the
energy performance of the existing buildings (improved insulation and energy-
efficient windows), which was determined as the most promising in this report,
came to the fore due to its ease of application, cost-effectiveness, energy efficiency
and the ability to achieve rapid results in terms of GHG mitigation. Although the
existing building stock is obliged to obtain BEP certificate based on the relevant
regulation until 2020, this obligation not fulfilled the conditions in the regulation due to
the lack of adequate control and sanctions. By offering legal incentives, tax facilities
and credit facilities, it may be possible to increase energy performance by improving
the building envelope of more buildings in the stock.

4.4. Conclusion

In terms of the building sector, GHG mitigation potential should not be underestimated.
GHG mitigation potential can be around 80%, if existing building stock is improved.

In this study to determine the most promising among the 3 mitigation actions
evaluated, a SWOT analysis was performed using both qualitative and quantitative
data.

The data used for evaluation was supported by the expert opinion in terms of
applicability and social acceptability, as well as numerical data from the TIMES model.
In addition, these mitigation actions were ranked using multi-criteria analysis with
participation of the stakeholders in terms of social, economic and environmental
impacts. By combining all these evaluations, strengths and weaknesses were
determined for all three mitigation actions.

Every mitigation action has certain strengths as well as weaknesses. In the multi-
criteria assessment study conducted with stakeholders, the primary criteria were
defined as cost-effectiveness and GHG mitigation potential. It seems that the majority
of the stakeholders prefer to define social effects with the lowest weighting at the end
of the ranking. Mitigation action 1 has the highest score inevitably when weighting is
done only using cost-effectiveness criteria. However, according to the numerical
results obtained with the TIMES model, Mitigation Action 2 appears much more
promising in terms of both, the cost reduction per tonne in 2050 and the total emission
reduction expected to be realized in 2050. These two important data are thought to
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have the power to drag environmental and social impacts from the chase. Thus,
Mitigation Action 2 - Improving the energy performance of the existing buildings
(improved insulation and energy-efficient windows), is chosen as the most

promising GHG mitigation action.
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5. Transport Sector

5.1. Sectoral Background

Transport, by nature, is a sector that not only has high energy consumption but also
mostly works on fossil fuel-based technologies. More importantly, it is a driving sector
that is highly linked to economic growth and development; thus, it is very challenging
to find cost-effective low carbon solutions while not damaging the growth trends in a
developing country. This is even a bigger problem in the case of Turkey, where the
majority of both passenger and freight transportation is provided by the roads. In 2011,
road transport share in the overall transport sector had been as high as 80% and 89%,
for freight and passenger, respectively (see Table 22). Expected shifts in the modal
shares of these transport sub-sectors do not necessarily cause a parallel effect on
carbon emission reduction capability as the energy use and efficiency in each
subsector is different. Thus, any LCD plan for the transport sector has to be developed
based on both aspects.

Table 22. Modal shares of the transport system?1:22

2011 (%) 2015 (%) 2023 Target (%)

Domestic Freight (tonne-km)

Road 80.6 89.8 60.0
Rail 4.8 3.9 15.0
Air 0.4 0.0 1.0
Maritime 2.7 6.3 10.0
Pipelines 115 -- 14.0
Domestic Passenger (passenger-km)

Road 89.6 89.2 72.0
Rail 2.2 1.1 10.0
Air 7.8 9.1 14.0
Maritime 0.4 0.6 4.0

To create a more sustainable transportation system in Turkey, the national strategy
aimed to reach a more balanced road shares of 60% and 72% for freight and
passenger transport, respectively, by 2023 (Transport and Communication Strategy
(2011)%'; NCCS (2010-2023); NCCAP (2011-2023); 10" Development Plan (2014-

21 Transport and Communication Strategy 2011-2023, Ministry of Transport, Maritime Affairs and Communication, Ankara,
2011

22 9" Development Plan 2007-2013, Republic of Turkey Prime Ministry, Ankara, 2016
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2018); Strategic Plan of MoEU (2015-2017)). To achieve 2023 targets, a major
increase was needed in railway and maritime shares, while for passenger transport,
rail and air sectors are chosen as the critical shift areas. As a result, transport sector
received a considerable share of investment budget suggested by National
Development Plans: it had 37% of the budget (146,123 million TL) in the 9t
Development Plan, and it was planned to have 34% of the budget in the 10"
Development Plan for the period of 2014-2018. This has been the starting impulse
behind the major investments in the transport sector, such as development of high-
speed rail (HSR) network, logistic villages (centres) for intermodal freight
transportation, etc. (see Annex 3.1 for a brief summary of the policy and institutional
overview of the transportation sector in term of low carbon development and
sustainability).

In addition to the support for the rail network, a more sustainable mode, significant
budget allocation was made for the improvement of the intercity road network, in the
form of increase of total kilometre of divided highways, and operating speeds
consequently (see Figure 10). Because of this, as of 2015 (base year), however, the
road transport shares were reported as high as 89.8% and 89.2%, which indicates that
more actions are required to encourage a significant shift from road to the more
sustainable transport modes. See Table 23 for the recent distribution of the highway
network.
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Figure 10. Change in road network length between (1990-2016)2
Table 23. Road length statistics (in km)?*
Total State highways Provincial roads
General Divided Divided Divided
Year Total* road Other road Other road Other Motorways
2013 388 783 22 079 43 661 18 524 12 817 1311 30 844 2244
2014 236 794 22 583 43 449 18 944 12 336 1361 31113 2278
2015 238 899 23107 43 453 19 357 11 856 1467 31598 2282
2016 242 590 23831 43 330 19 790 11 316 1499 32014 2542
2017 247514 24 507 43 112 20 237 10 829 1613 32283 2 657

* General total includes the village road network km values.

Road Transport

Since 2004, a major change in the road transport sector is observed in vehicle
ownership, the motorization rate, as the total number of registered vehicles increased
drastically in the last decade (see Figure 11-a). This is mainly due to passenger cars

23 Turkish Statistical Institute (Turkstat) (2018), Transport Statistics, http://www.turkstat.gov.tr/PreTablo.do ?alt id=1051,

Accessed: 10/02/2018
24

Turkish Statistical Institute (TurkStat), (2019). Transportation Statistics. Web Site:
http://www.tuik.gov.tr/PreTablo.do?alt_id=1051
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(PC) and small trucks, minibuses,2-wh eel er s, et c. categorized

number and share of gasoline-based vehicles dropped in the same period, the rapid
increase in the LPG and diesel-based ones led to market share for the latter as 49%
(see Figure 11-b and Figure 11-c). The total number of electric vehicles is very small,
measure in terms of thousands, yet.

Despite all published policy decisions and high investments, road dominancy has
remained the same, mainly due to high investments in road transport, such as
investments on increasing intercity road capacities via divided road projects. The last
5 vy e aadsnéwonk engths show an average 1.5% steady increase in total road
length along with an annual 3% divided road length expansion from 2015 to 2017 (see
Table 23). Such an increase in the network of divided roads encourages road transport
in both passenger and freight transport. However, this increase has not resulted in a
major change in the total highway network length, as the majority of the divided
highways were transformed from originally undivided or low capacity segments (listed
under i oFtguree 12)0 WHilenit is planned to reach 32,000 km by 2023 (10%
Development Plan), the rate of increase in the divided highway network length has
dropped significantly in the last three years.
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Figure 11. a) Number of Vehicles by Type, b) Number of Cars by Fuel Type, ¢) Share of

Vehicles by Fuel Type between 2004 and 2016 (TurkStat, 2018)24
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Parallel to the rapid motorization and ambitious investments in road infrastructure, total
intercity road vehicle-km and passenger-km were doubled (see Figure 12), while
freight tonne-km has increased fourfold. Though these indicators usually are a sign of
economic growth, because of strong linear increases in road transport trends there is
no sign of a decrease in road transport shares as expected in 2023 targets, especially
when compared the rather slow increase in the rail freight trends discussed below.

Rail Transport:

The main reason behind the support for rail transport as more sustainable transport is
due to the potential use of alternative energy sources (based on the source of
electricity) compared to road and air transport. However, the primary source of
electricity in Turkey is still fossil fuels. Currently, there is 12,532 km of railway network
consisting of 11,319 km conventional line and 1,213 km high-speed railway line (HSR)
(see Figure 13). The total rail network is planned to reach 18,508 km length with 6,441
km of HSR network by 2021 (Strategic Plan of MoTMC, 2017-2021).2°> By 2023, 8000
km line is expected to be electrified and signalized. Also, it is planned that 21 logistics
centres will be established (10" Development Plan).

HSR passenger-km has been increasing continuously after its introduction in 2009.
Despite some fluctuations in the passenger-km of main lines, after the improvements
(modernization of the services, electrification, new wagons, etc.), it is expected that
the use of conventional rails in the mainline will increase. Specified targets for 2023
included rail shares to be increased to 10% in passenger and 15% in freight transport
(Transport and Communication Strategy, 2011).? However, no significant increase
has been observed, which even showed some decrease in recent years. When the
passenger train-km values were evaluated, it is seen that with new High-Speed
Railway investments, passenger train-km values were started to increase in the recent
years (Figure 14).

The liberalization in the Turkish Rail Transport, a restructuring process towards
opening TCDD rail network to private freight operators and establishing a competitive
market has been initiated, but it is not clear how this will affect the rail transport shares
as liberalization of the railway market in the EU countries produced a variety of results.
Furthermore, the success of rail freight sector still needs support for intermodal
transport, which is not very strongly utilized in Turkey. Because the majority of freight
demand occurs between major cities in the western part of Turkey where agricultural
and industrial production, as well as consumption, are located. As the majority of the
trucks are on short-haul with an average trip distance of 491.6 km in 2009 (Ozen,

25 Ministry of Transport, Maritime Affairs and Communications (2016), Strategic Plan 2017-2021, Ankara, Turkey.
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Tuydes-Yaman, 2013),%° it is not long enough for railroad transport to become

competitive in terms of total travel time due to shipping and handling.
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Figure 12. Road Transport Statistics between 2001-2016 a) Intercity Vehicle-km b) Passenger-

km, c) Freight-km (TurkStat, 2018)24

26
Energy Policy, 62, 625i 636
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