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INTRODUCTION
Climate change has costly impacts on the basic services, infrastructure, housing, and health of cities.
At the same time, cities are a key contributor to climate change. Greenhouse gas (GHG) emissions
in cities come from transportation, the use of energy for heating and cooling in buildings, electric
lighting for streets and buildings, industrial processes, waste management, and embodied carbon in
urban infrastructure, among other sources (Carter & Boukerche, 2020). In 2015, 81% of GHG
emissions from the energy industry1—almost half of Turkey’s national emissions—came from
sources located in urban areas, though mostly in suburban, peri-urban and smaller towns outside of
the densest city cores (Crippa et al., 2021). At the same time, an estimated 69% of Turkey’s
residential sector emissions are from urban areas, most of which originate from urban centers with
high population density (i.e., more than 1,500 people per square kilometer), and some 40% of CO2
emissions arising from road transport can be attributed to urban traffic (European Commission,
2019). Urban form also impacts the level of GHG emissions and GHG emissions per capita in urban
areas in various ways depending on urban density, land use patterns, street network design, building
orientation, integration of transit and land use, levels of walkability etc. (Deuskar, 2021).
Part 1 of this note provides an overview of the urban climate nexus, adopting an urban climate
framework which covers the enabling systems around the plans, finance, and institutions that
govern or relate to cities as well as the actions cities can take to mitigate and adapt to climate change
(Figure 1). Parts 2 and 3 provide deep dives on transport and buildings. Specifically, they present
methodology and results from two scenario-based spreadsheet models that were developed for the
Turkey CCDR to explore possible trajectories for achieving a resilient and decarbonized transport
sector (Part 2) and possible scenarios for achieving a seismically resistant, electrified and energy
efficient residential building stock (Part 3). Part 2 covers also non-urban transport and Part 3 covers
the entire residential building stock (urban and rural).

1

Energy-industry includes the combustion in the power and non-power generation industries, fugitive emissions, fuel
production, refineries, and transformation industries.
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Figure 1: Urban Climate Framework

Source: Gap Fund, adapted from MNA Urban Team

PART 1: CITIES
1.1. Urbanization and climate change mitigation
Turkey’s urban areas contribute a large and growing proportion of the country’s GHG emissions.
Globally, and in Turkey, urbanization is an important driver of economic growth but urban areas are
also responsible for over 70% of global CO2 emissions.2 In 2015, 65% of Turkey’s CO2 emissions
were emitted in urban areas (urban centers, suburban and peri-urban areas, or dense and semidense settlement clusters), up from 52% in 1990 (Crippa et al., 2021).3 Figure 2 shows that the
districts with the highest density of emissions (the ones shaded red) are mostly those that have
urban centers (yellow outline) or fossil fuel power plants (black, blue, and brown dots). However,
the proportion of Turkey’s total emissions that are attributable to urban areas could be considered
higher than 65%, given that emissions sources located in rural areas that are a direct result of
anthropogenic activities in urban areas (e.g., power plants in rural areas generating electricity that
is consumed in urban areas) are not included in this figure.

2
3

https://www.c40.org/cities/
https://edgar.jrc.ec.europa.eu/

4

Figure 2: CO2 emissions per square kilometer in Turkey in 2018, by district

Source: World Bank, using EDGAR data4
Istanbul’s GHG emissions inventory
Istanbul Metropolitan Municipality has reported its GHG emissions in line with the Global Protocol for
Community-Scale GHG Emission Inventories (GPC). Istanbul’s emissions inventory for the year 2020
reported a total of 47.9 MtCO2ea of which 64% were from stationary sources (residential commercial, and
institutional buildings, as well as manufacturing activities). Over a quarter of Istanbul’s emissions were
from transport, almost all of which was road transport. Solid waste accounted for the remaining 10% of
the metropolis’ total emissions.b
a

Istanbul's 2020 inventory complies with GPC standards and includes Scope 2 emissions (but not Scope 3)

b

https://www.c40knowledgehub.org/s/article/C40-cities-greenhouse-gas-emissions-interactive-dashboard?language=en_US

Carbon pricing is a good place to start but carbon pricing reform would need to be complemented
by public investments in land use and transport. Coordination failure and first mover problems,
mean that returns to engaging in high carbon activities in Turkey, as well as in other countries, are
high because of high carbon sunk investments. For example, if urban infrastructure has been built
around the private motor vehicle, social attitudes and personal preferences are supportive of high
4

http://data.europa.eu/89h/97a67d67-c62e-4826-b873-9d972c4f670b
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carbon consumption, and political pressure groups represent carbon-intensive interests, a move to
an alternative less carbon-intensive equilibrium might yield net positive benefits overall, but the
return will be negative for any single individual or agent changing behavior. Pricing policies alone
cannot solve this issue and recent research provides a strong case for public investment in transport
and land use as supplementary measures (Dasgupta et al., 2021).
Turkish cities have an opportunity to significantly reduce their GHG emissions. Global estimates
suggest that emissions in cities can be reduced by almost 90% by 2050 with technically feasible,
widely available measures.5 Actions in cities globally could achieve up to 40% of the emissions
reductions necessary to limit global warming to 1.5 degrees.6 This highlights the crucial role cities
must play in climate change mitigation. Cities must advance simultaneously on several fronts to
reduce their emissions. Priority actions in Turkey include switching to clean energy; adopting urban
planning that favors compact, livable, and transit-oriented urban growth; investing in infrastructure
for public transit, walking, bicycling, and electric vehicles (Part 2); enacting regulations and providing
incentives for greater energy efficiency of buildings (Part 3) and industries; and improving solid
waste management. Following the lead of Istanbul, other Turkish cities can identify both quick wins
in terms of GHG mitigation by preparing city-level GHG inventories and modeling the potential
impacts of mitigation actions while making advances in improving spatial, urban and transport
planning in a way that will help avoid locking-in further carbon-intensive urban form in the longterm.
Urban climate change mitigation actions have substantial local co-benefits. Actions that bring
emissions reductions in cities also improve livability, equity, and economic efficiency of cities. In
addition to the long-term global climate benefits, these actions have immediate, tangible impacts
for residents. Switching to clean energy and electric vehicles, for example, reduces local air
pollution. Reducing dependency on private vehicles through compact urban form and public and
non-motorized transport reduces air pollution, travel costs for individuals, as well as traffic
congestion and its associated cost to the economy, while promoting the positive health impacts of
walking and bicycling. Compact urban form also reduces the cost of municipal infrastructure and
service delivery, and preserves natural ecosystems, biodiversity, and food security. Improving
building energy efficiency reduces household energy costs.
1.2. Urbanization and climate change adaptation
Turkey’s cities must act now to protect themselves from the impacts of climate change. The
concentration of people, infrastructure, and economic activity in Turkey’s urban areas make them
particularly vulnerable to climate change. For example, Turkey’s long coastline exposes its coastal

5
6

https://urbantransitions.global/urban-opportunity/
https://www.arup.com/perspectives/publications/research/section/deadline-2020-how-cities-will-get-the-job-done
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cities to the risk of sea level rise and coastal flooding. Turkey has 28 cities (and a further 181 towns
and villages) located along its coasts, situated at less than 10m above sea level, and the population
in these areas stands at over 22.2 million. Adana, Edirne, Izmir, Samsun have been identified to be
at highest risk, mainly due to the geographical features of low elevation and river deltas. A 1-meter
rise in sea level would inundate 1,600 sq km of land and displace more than 214,000 people (Kurt &
Li, 2020). Extreme rainfall events would compound the risks of sea level rise, exacerbating urban
flood risks in Turkey’s cities. In Adana alone, over 195,000 people were assessed to be vulnerable to
flood risk in 2015.7 Turkey’s cities are also vulnerable to heatwaves, wildfires (including smoke from
fires outside of urban areas), and water scarcity.8
The challenge of adapting to a changing climate presents an opportunity for Turkey’s cities to
achieve greater urban resilience, while also enhancing quality of life for urban residents, and
improving city economies. Cities must adapt to climate change through risk-sensitive land use
planning including by preserving or building defenses against disasters, including nature-based
solutions (e.g., green spaces, retention ponds, wetlands); using permeable and reflective materials;
enforcing building regulations to reduce damage during disasters; and investing in early warning and
emergency response systems. The use of nature-based solutions—for example multifunctional
parkland that provides recreational space while also absorbing stormwater runoff and reducing the
urban heat island effect—would improve livability in Turkey’s cities and improve their attractiveness
for business and tourism.
1.3. Climate commitments, policies, and capacities: the role of cities
Cities in Turkey are already starting to take action to address climate change. Istanbul has been a
member of a network of the world’s megacities committed to climate action, the C40, since 2006.
Twenty-seven Turkish municipalities are members of the Global Covenant of Mayors on for Climate
and Energy (GCoM), the largest global alliance for city climate leadership, built upon the
commitment of over 10,000 cities and local governments. Adana, Antalya, Bursa, Denizli, Gaziantep,
Istanbul, and Izmir, are the largest member cities from Turkey. Of the 27 Turkish cities, 16 have
committed to a climate change mitigation target through the GCoM process, but much remains to
be done—currently, 10 of the 27 cities are working on emissions inventories and mitigation plans,
while only 2 have performed an adaptation assessment and none have adaptation plans.9 Izmir
prepared a Climate Change Action Plan and a Green Cities Action Plan in 2020.
Urban local governments need to actively plan and coordinate climate investments and policies
across sectors and with national government. Urban development encompasses the activities of
several infrastructure and human development sectors that interact in cities (e.g., transportation,
7

https://data.jrc.ec.europa.eu/dataset/53473144-b88c-44bc-b4a3-4583ed1f547e
https://thinkhazard.org/en/report/249-turkey/
9
https://www.globalcovenantofmayors.org/our-cities/
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water, energy, health, education, jobs). Local governments, therefore, require technical capacity
and decision-making power to plan, coordinate, and implement a range of investments within urban
areas. They also need a firm fiscal foundation and to build their creditworthiness as well as the policy
enabling environment to attract and manage the finance for these investments.
1.4. Mobilizing climate finance for low-carbon, climate-resilient urban development
Subnational governments in Turkey have a potentially important role in low-carbon, climateresilient urban development, but this will entail mobilizing climate finance in the context of
limited existing subnational financial resources. In 2016, subnational governments in Turkey
accounted for only 10% of total public expenditures, which is well below the average of 29% among
OECD unitary countries. Among subnational governments, municipalities (including the
metropolitan municipalities) represent the lion’s share of expenditures, compared to the provincial
administrations.10 Turkey can mobilize climate finance for cities by: leveraging intergovernmental
fiscal transfers to incentivize low-carbon and resilient investment by subnational governments,
developing the capacity of subnational governments to incorporate climate change considerations
into their spatial planning and investment planning process, facilitating subnational government’s
access to climate finance, and mobilizing private investments (Bank, 2021).
1.5. Urban growth planning
Urgent action is needed to shift Turkey’s urbanized economy to a low-carbon trajectory, to avoid
locking in carbon-intensive urbanization patterns for generations. Turkey has reached a relatively
high level of urbanization, typical for an upper middle-income country, with 76% of the total
population already in urban areas as of 2020. This share is expected to grow further to 80% in 2030,
and 86% in 2050.11 As the economy continues to grow and incomes continue to rise among Turkey’s
highly urbanized population, the built environment and management of Turkey’s cities will be key
to determining the country’s emissions trajectory in the coming decades. Urban form has a lock-in
effect, with long-term implications for climate mitigation and adaptation. Urban infrastructure has
a life span of several decades, and the resulting urban form can remain in place for centuries. This
is particularly critical in light of urban expansion and sprawl in Turkey’s largest cities, most notably
Istanbul.
Compact and coordinated urban growth is essential for reducing transport-related emissions.
Urban density, combined with mixed-use urban growth, transit-oriented development, and
walkable and well-connected streets, reduces carbon emissions from vehicles (see also Part 2). For
example, if Turkey’s cities in 2050 resemble a sprawling, car-oriented city like Houston, USA today,
they would produce 593 MtCO2 from transport alone. If instead they resemble a compact, transit10
11

https://www.sng-wofi.org/publications/SNGWOFI_2019_report_country_profiles.pdf
https://www.un.org/development/desa/pd/
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oriented city like Copenhagen, Denmark, which is similarly wealthy but has nearly five times the
population density of Houston, Turkish cities would emit 79 MtCO2 from transport.12
More compact growth would also preserve land, reduce the embodied GHG emissions associated
with materials, and improve building energy efficiency. Accommodating all the urban population
growth in Turkey up to 2050 at Houston-like densities will involve the construction of 13,135 square
kilometer of new urban area, equivalent to two and a half new Istanbul metropolitan municipalities.
Doing so at densities similar to Copenhagen will require one-fifth of that, saving land equivalent to
two Istanbul metropolitan municipalities. In addition to preserving land and vegetation, this would
reduce the embodied emissions associated with the materials required for new construction
(including emissions-intensive steel and cement). Denser growth can also reduce the energy
required per capita for heating and cooling buildings. In some cities, denser urban growth can reduce
future energy consumption from buildings as much as improvements in energy efficiency of
buildings (Güneralp et al., 2017).
1.6. Solid waste management13
Solid waste management represents an important component in addressing climate change in
Turkey’s cities. Globally, solid waste is responsible for 5% of global CO2e emissions and around 20%
of global methane that stems from human activity (CCAC and UN Environment Programme, 2021).
Methane, generated from decomposing organic waste, is the solid waste sector’s largest contributor
to GHG emissions. On a 20-year scale, its short-term global warming potential is 72 times that of
carbon dioxide. Targeted methane measures can reduce anthropogenic methane emissions by as
much as 45% by 2030 and avoid 0.3°C of global warming by 2040s.
Solid waste management contributes a significant share of emissions from Turkey’s urban areas.
Istanbul’s GHG emissions inventory, for example, shows that 10 percent of the city’s emissions are
from the solid waste sector.14 Waste generation in Turkey is expected to increase from 36.4 million
tonnes in 2020 to 58.2 million tonnes in 2050 which is below the projected global increase of 73
percent during the same period. Yet, compared to upper middle income countries where on average
respectively 30 percent solid waste is dumped, Turkey fares worse with 45 percent of its waste
currently disposed in open dumps, while 54 percent is disposed in sanitary landfills with gas
capture.15 Given the relatively large proportion of waste that is dumped, total emissions from solid
waste in 2020 in Turkey are estimated at 27 MtCO2e, and are expected to increase to 35 MtCO2e
by 2035, in a business-as-usual scenario.
12

https://ourworldindata.org/grapher/transport-emissions-city-density
This section is adapted from (Kaza et al., 2018)
14
https://www.c40knowledgehub.org/s/article/C40-cities-greenhouse-gas-emissions-interactivedashboard?language=en_US
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Improving the waste management system can reduce GHG emissions and generate significant
additional positive environmental and health outcomes. Reducing open dumping in Turkey by 15
percentage points in 10 years is estimated to lead to a 47% reduction of CO2e emissions from
improperly managed waste by 2030, compared to 2020. A more ambitions scenario where open
dumping is reduced by 50 percentage points in 15 years, would result in a 85% reduction of CO2e
emissions from waste by 2035.16 Substantial co-benefits can also be expected, such as reduced
pollution of soil and the marine environment, including from plastics, better local health and
environmental outcomes, improved quality and access to a basic local government service, better
integrated informal sector, enhanced environmental awareness of the population, strengthened
conditions for local economic development, city competitiveness and livability.
In Turkey, a well performing solid waste management system with environmental controls in
place to absorb increasing volumes over time will be essential to both curb GHG emissions from
the sector and make it more resilient to climate impacts. Priority investments could focus on
ensuring that all collected waste is disposed into sanitary landfills with landfill gas capture, while
also minimize wasting generation through behavior change, diverting a larger fraction of the waste
stream for recycling and reuse through appropriate treatment facilities, and closure of dumps /
retrofitting of landfills that currently do not have gas capture facilities. Developing the waste sector
from its current levels will also start to place the sector on a path towards a circular economy in
Turkey, for which a well-functioning waste sector is both a precondition and a requirement.
1.7. Extreme urban heat
Extreme heat in urban areas, due to climate change compounded by the urban heat island effect,
has a range of economic and health impacts.17 Urban areas are particularly likely to experience
extreme heat due to the urban heat island effect (UHI), caused by the absorption of heat by artificial
materials, the lack of vegetation, buildings trapping heat and blocking breezes, the release of heat
from human sources (factories, cars, air conditioners, etc.) and other causes. In Turkey, the regions
projected to experience extreme heat include the Mediterranean coast and southeastern Anatolia.
Under a global scenario with 2-degrees of warming, IPCC’s Interactive Atlas projects that the area
around Izmir would experience more than 16 days with temperatures above 40 degrees Celsius each
year, while Gaziantep would experience 31 days (Iturbide et al., 2021).
Actual heat extremes experienced in Turkey’s cities may be even greater than predicted by the
global climate models, most of which do not consider UHI. The warming caused by UHI is projected

16

The two scenarios were developed using the CURB Modelling Tool and the What a Waste 2.0 database,
https://datatopics.worldbank.org/what-a-waste/
17
This section is adapted from an ongoing World Bank study of extreme urban heat in East Asia.
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to be on average about half as great as that caused by greenhouse gas (GHG) emissions, and may
be up to twice as great (Huang et al., 2019). Data for the period 2003-2018 already show a summer
daytime UHI effect of over 3 degrees C in Istanbul, and close to 2 degrees C in Bursa (Chakraborty &
Lee, 2019).18 Heat waves are associated with a range of health conditions, increased mortality, lower
productivity in both outdoor and indoor work, poorer educational outcomes, and increased rates of
crime, domestic violence, and even suicide. Low-income neighborhoods tend to get hotter than
wealthy neighborhoods, mainly because they tend to have less vegetation.
Cities in Turkey need to reduce exposure to extreme heat while also helping their most vulnerable
populations adapt. Although hot and dry summers are historically characteristic of the climate of
Turkey’s Mediterranean coast and Southeastern Anatolia regions, proactive actions need to be
taken in anticipation of future heat extremes. Urban areas should be cooled through increased
vegetation for shade and evaporative cooling, and the use of more reflective materials, among other
means. In newly built areas, streets and buildings should be oriented to maximize shade and airflow.
Cities must also adapt to extreme heat by educating the public to the health risks of heat exposure,
training health workers to treat the effects of extreme heat, providing cooling centers, shifting
working hours, and other measures. These measures should focus on particularly vulnerable
neighborhoods (e.g., those lacking vegetation), demographic groups (e.g., the elderly, people with
disabilities), and occupations (construction, manufacturing).
PART 2: TRANSPORT
2.1. Economic development and climate change mitigation in Turkey’s transportation sector
Turkey’s transport sector is undergoing two momentous transitions: (i) accommodating personal
mobility for a country of 84 million people on its way to reaching 107 million by 2060; and (ii)
modernizing the logistics sector of a trade-intense nation with global aspirations. Attaining these
goals while significantly reducing carbon emissions, ideally on an eventual long-term trajectory to
carbon neutrality, is within Turkey’s reach with the right combination of investments and sectoral
policy. The magnitude of the decarbonization task among these two transitions is remarkably
similar: in 2019 exactly 50% of Turkey’s 82.4 MtCO2e from transportation came from passenger
transport, while the other half from freight transport.
If Turkey’s emissions trajectory is to be abated, the country’s personal mobility transition will
require a multipronged approach, combining electric vehicle deployment at scale with accessible
public transport, shared mobility, and non-motorized transport. In 2019 61% of surface (i.e., road
and rail) passenger transport demand took place in cars, producing 70% of all emissions from surface
passenger transport. Still, a significant 33% of surface passenger transport demand took place in
buses (compared to 9% in the EU), which produce less GHG emissions per passenger-km than cars
18

Data from the Global UHI Surace Explorer (https://yceo.yale.edu/research/global-surface-uhi-explorer)
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and yield several co-benefits beyond emission reductions, such as reduced congestion, enhanced
road safety, more equitable access to opportunities, and more livable urban areas. Yet the use of
passenger rail, including suburban rail, was limited to only 4% of demand, compared to 8% in the
EU. More importantly, the current relatively high bus modal share is in large part due to Turkey’s
relatively early position in its passenger car adoption trajectory. Specifically, the penetration of
passenger cars in Turkey’s economy—150 vehicles per 1,000 inhabitants in 2019—is barely more
than a quarter of that of the EU (569) and well below that of comparable upper middle-income
countries like Mexico (265). Managing this transition proactively is a major development
opportunity for Turkey. Namely, the way in which Turkey will accommodate higher rates of car
ownership and use as its economy—and the spending power of its citizens—grow, and as its large,
medium, and small cities continue to expand and connect; and the extent to which this process will
couple facilitation of electric vehicle adoption with greater provision of public transport (bus
services, Bus Rapid Transit services, and urban, suburban and inter-city rail services), shared mobility
(such as carpooling services), and active mobility (such as micro-mobility and non-motorized
transport) will determine much of Turkey’s decarbonization pathway over the next 40 years.
Turkey’s freight logistics transition goes hand-in-glove with its decarbonization pathway because
low-carbon logistics are, overall, more efficient and more competitive logistics; this should create
incentives and synergies to accelerate Turkey’s logistics sector modernization over the medium
and long term. In 2019, just under three quarters of all freight moved in Turkey was transported by
trucks. While this is not unusual in the international experience—trucks’ share of the EU’s freight
market was 76% in 2019—it is particularly high considering the preponderance of pipeline transport
in Turkey’s freight modal split (18% of all ton-km transported). Meanwhile, the incidence of rail in
the transportation of freight—4%, coincidentally the same share of passenger transport demand
captured by this mode—is less than a quarter of that of the EU (17%), signaling significant room for
multimodalism and rail freight operations. Turkey’s commodity mix, intense in bulk and breakbulk
goods like iron ore, steel products, and cement, as well as in bulky products like passenger cars, and
Turkey’s relatively long distances per freight trip, are compatible with greater use of bulk rail and
rail intermodal (i.e., containers and trailers on rail) than the country has supported to date. Surveys
of Turkey-based shippers show that a primary reason for the stubbornly low adoption of rail freight
in Turkey is a generalized lack of last-mile railway connectivity to/from major centers of cargo
generation and attraction, such as organized industrial zones, major manufacturing facilities,
maritime ports, logistics centers, and other types of logistics clusters. Targeted infrastructure
investment, complemented by improvements in service delivery on the part of railway
undertakings—including private providers under Turkey’s reformed railway market consistent with
the EU acquis—can bring about sizable gains in rail freight modal share, which would in turn reduce
logistics costs, reduce highway congestion and road infrastructure wear and tear, and free-up capital
that firms can invest in productivity-inducing projects. Indeed, it is the Government of Turkey’s
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stated policy objective to nearly quadruple the modal share of freight rail—to 15% of all ton-km
transported—in the near term.
Even if rail freight gained significant modal share in the coming years, this would still leave the
trucking sector as the likely dominant mode of freight transport in Turkey—as is the case in most
upper middle income and high-income countries globally. As such, measures to decarbonize and
increase the efficiency of trucking operations deserve policy priority if meaningful freight
transport emission reductions are to be attained. Electrification of trucking, particularly heavy-duty
trucks used for the kind of long-haul shipments that are common in Turkey, is considered more
challenging than the electrification of small trucks/light commercial vehicles and passenger cars at
current levels of battery technology. While battery technology is likely to evolve to accommodate
long-haul trucking operations, no zero-carbon alternatives for long-haul trucking are as yet
commercially available, whether in the form of battery technology, alternative (zero-carbon) fuels,
or infrastructure solutions such as electrified highways (some of these approaches are being tested).
Therefore, complementary measures will be needed, particularly in the short and medium term, to
increase the efficiency of trucking and logistics. Just as vehicle electrification alone is unlikely to
deliver the kind of passenger transport emission reductions and co-benefits that Turkey aspires to
and is capable of, electric trucks alone—even in instances where this is already possible, such as in
the case of small commercial vehicles—are unlikely to deliver the modernization that Turkey’s
logistics sector requires. Examples of efficiency-enhancing measures that can both reduce logistics
costs and help decarbonize logistics include wider incidence of cargo consolidation, equipment
sharing and standardization, digitalization of corridors through technologies like intelligent
highways (ITS) and smart railway signaling systems (digital rail traffic management), and more
seamless inter-modal truck-rail transitions for containerized freight.
The decarbonization of aviation and maritime transport will also be part of Turkey’s
decarbonization transition. The zero-carbon fuels that will be needed to decarbonize aviation and
maritime transport are not yet commercially available, but Turkey can already take steps towards
enhancing readiness to enable this transition. For example, public-private collaboration with major
transportation carriers, equipment manufacturers, energy companies, and basic researchers can
help inform government actions to ensure that Turkey will be institutionally ready—in terms of
decision making, planning, and technical management, for example—to facilitate and incentivize
the adoption of zero-carbon fuel aircraft and vessels in domestic transportation.
2.2. Turkey’s Transport Sector Decarbonization Pathways
Different combinations of public policy, infrastructure interventions, and behavioral dynamics on
the part of end-users and service providers in the transport sector can lead to several possible
trajectories for Turkey’s long-term transport decarbonization pathways. To assess this
quantitatively, a transport demand-supply, energy consumption, and GHG emissions model was
13

developed to calculate key economic and climate outcomes associated with policy-relevant
scenarios, or well-defined policy trajectories through 2060 (see detailed description of the model in
section 2.4). Specifically, four scenarios were conceptualized (see also section 2.4): (i) a “businessas-usual” (BAU) scenario of low policy ambition, in which the use of passenger cars evolves in a
similar way as it has in high-income countries in the EU and North America, little to no change over
time is attained in the national modal split for passenger and freight transport, and the rate of
adoption of electric vehicles is modest, for example reaching 33% passenger car penetration by
2060; (ii) a “modest ambition” (MA) scenario, in which there is modestly larger support for public
transport than BAU coupled with higher and faster adoption of electric vehicles (EVs), reaching 60%
penetration by 2060; (iii) a “high ambition” (HA) scenario, were public transport support is multipronged and significant, at the level of best international practice, leading to significant gains in
public transport market shares as well as gains in rail freight use, coupled with significant EV
adoption rates to reach 85% penetration by 2060 (and 50% for heavy-duty trucks); and (iv) a “carbon
neutrality” scenario which is developed to form part of the economy-wide Resilient and Net Zero
Pathway (RNZP) scenario as described in the CCDR. The RNZP assumes that the transport sector
reaches carbon neutrality by 2060 through full adoption of electrification for cars, trucks, and trains,
but also full adoption of zero-carbon aviation, maritime, and pipeline transport by 2060. The
resulting emission trajectories associated with the four scenarios are shown in Figure 3. The analysis
confirms that attaining significant cuts in emissions from transportation will require the kind of wellrounded support to electrification, public transport market share gains, and multimodalism and
freight operational efficiency gains that are envisaged in the higher-ambition HA and RNZP
scenarios.
Figure 3: Transport Sector GHG emissions by scenario, 2018-2060
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To assess the extent to which electrification alone can be a viable strategy to decarbonize Turkey’s
transport sector, a fifth scenario was conceptualized. This “EV replacement” (EVR) scenario
assumes the same policy trajectory as BAU in terms of levels of car use, public transport adoption,
and multimodalism in freight, only with the level of EV adoption for passenger cars, buses,
motorcycles, and trucks envisaged under the high ambition scenario. The resulting emission
trajectory is shown in Figure 4 in comparison with the other scenarios. While EVR results in
significant emission reductions compared to the MA scenario, it still falls well short of the kind of
deep decarbonization outcomes implied by the more comprehensive HA and RNZP scenarios. This
confirms that a strategy of electrification without complementary measures is unlikely to put Turkey
on a trajectory commensurate with its decarbonization aspirations and is therefore too risky.
International experience shows that, in addition of falling short on decarbonization impacts, an
electrification-only strategy is likely to lock-in other undesirable outcomes such as road congestion,
road accidents and fatalities, higher levels of local pollutants, and less livable cities. While expected
improvements in vehicle automation may mitigate some of these adverse impacts, particularly as
to congestion and poor road safety improvements, such mitigation will only be partial and of a likely
lower magnitude compared to greater use of public transit, greater adoption of transit-oriented
development to facilitate micro- and active mobility, and freight consolidation, multimodality,
modal shift, and digitalization.
Figure 4: Transport Sector GHG emissions by decarbonization scenario, 2018-2060
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Deep decarbonization of the kind anticipated under our HA and RNZP scenarios is not significantly
more expensive to deliver compared to BAU in terms of infrastructure investments; what is more,
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deep decarbonization is associated with sizable savings elsewhere, for example as regards oil
consumption and the economic value of avoided carbon emissions. Table 1 shows the estimated
cost of the modeled scenarios in terms of capital expenditures in road and rail infrastructure,
including DC fast charging stations along Turkey’s motorway network. The higher-ambition HA and
RNZP scenarios are only modestly more “expensive”—about 30% more costly in terms of
infrastructure—than BAU, yet result in about $100 billion in savings in avoided consumption of fossil
fuels and about $500 billion in savings associated with road transport externalities, both in present
value terms through 2060. The EVR scenario, while equal in infrastructure costs as BAU, delivers no
further savings in fossil fuel consumption compared with the higher-ambition scenarios, and it is
also less efficient in the use of electricity compared to HA, with higher electricity consumption in
2060 which would put a larger strain on Turkey’s electricity generation sector.
Table 1: Cumulative road and rail infrastructure investment costs by scenario, 2022–60
BAU

EVR

MA

HA

RNZP

Motorways

32

31

28

23

26

State and provincial roads

3

3

3

3

3

Highway charging stations

0

1

0

1

1

New electrified rail tracks

8

8

20

25

27

Converted electrified rail tracks

2

2

3

6

8

Discounted investments, 6% discount rate ($ billion)

Replacement and extension of locomotive fleet

1

1

1

1

2

Total

46

45

55

58

67

Crude oil equivalent consumption cost at 2021 prices ($ billion)

349

309

306

247

235

4,626

3,604

3,794

2,763

2,218

Air pollution

163

164

158

150

138

Road fatalities

689

593

593

477

397

Congestion

580

457

467

339

258

Total

1432

1213

1219

967

793

Cumulative electricity consumption, EVs and rail (TWh)

621

1707

1051

1634

2332

2060 electricity consumption (TWh)

49

153

84

128

174

Cumulative tank-to-wheel CO2 emissions (MtCO2e)
Cost of road transport externalities ($ billions)

2.3. Resilience of Turkey’s Primary Transport Networks
The above analysis showed that Turkey is heavily dependent on road infrastructure for passenger
mobility and freight transport. At the same time, the country is exposed to significant flood,
wildfire, and extreme precipitation hazards. Systematic, network-level studies of the exposure of
16

Turkey’s transport infrastructure to climate hazards are few, but they could provide critical
information necessary to manage the risk to continuity of transport connectivity under conditions
of climate change.
Figure 5: Transport infrastructure map of Turkey

To shed light on this issue, bespoke simulation modeling was conducted on multi-hazard risks to
Turkey’s road and railway infrastructure, including a criticality analysis of the national transport
network. Specifically, the analysis considered the entire Turkish national road and rail networks and
their exposure to current climate conditions (it did not include projected changes in climatic
variables). The model uses a “random attack” percolation algorithm in which, for each model run,
100 origin-destination pairs are chosen across the country, with areas of higher population density
having a higher chance of being selected (i.e., 100 nodes are chosen, and each is then an origin and
a destination for trips with every other chosen node). Then trips are simulated between nodes while
increasing proportions of road/rail links are removed from the network, representing severe
damage to those links due to hazards. Depending on the nature of their exposure to damaged links,
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trips can then be either unimpeded (no impact to the links used from origin to destination), delayed
(if some portion of the road or rail link(s) taken have been removed, forcing the trip to take a longer
detour elsewhere in the network), or, in the worst case, isolated (where the trip becomes
impossible, as no feasible route can be taken between origin and destination due to the removal of
one or more critical links). We use the proportion of isolated trips aggregated across multiple model
runs as an indicator of overall network resilience, with higher proportions of isolated trips denoting
poorer resilience. The model was run 100 times for roads nationally and within each of five selected
subnational regions; it was also run 10,000 times for the national rail network. National-level results
were compared with those of select comparator countries; results for the regions were compared
with each other and with the national network.
Turkey’s road network is less resilient to disruption than those of select comparator countries in
Europe. Turkey’s network resilience, per the above definition, was compared to that of three
countries that offer diverse and useful perspectives that shed light on Turkey’s situation: Germany
as a high-income EU Member State; Mexico as a fellow upper-middle income export-oriented
country; and Serbia as a regional upper middle-income peer. As shown in Figure 6, Turkey’s road
transport system is less resilient than that of Germany because the latter experiences fewer isolated
trips for a given level of severe network damage. For example, when 20% of their respective
networks is rendered inaccessible, 51% of trips become isolated in Turkey, compared to 13% in
Germany. Turkey’s road network is also less resilient than that of Serbia, where shocks to 20% of
the network isolate 21% of trips, less than half of Turkey’s rate. Meanwhile, Mexico is found to be
moderately less resilient than Turkey by this metric. Specifically, removing 20% of the Mexican
network results in 65% of isolated trips, a higher loss of connectivity compared to Turkey’s. This
analysis also shows that Turkey’s rail network is significantly less resilient than its road network:
with 20% of the rail network removed, upwards of 98% of trips become isolated. This confirms the
importance of further investing in Turkey’s railway infrastructure as an enabler of climate change
mitigation (through emission reductions via efficiency gains and truck-to-rail modal shift) and
climate change adaptation (through enhanced network resilience).
At the subnational level, results show that the road networks of different Turkish regions have
measurably different levels of resilience. Specifically, Figure 7 depicts the results of the trip
isolation analysis for the regional networks of Ankara, Istanbul, Adana, Izmir, and Black Sea,
benchmarked against each other and relative to the national road network. Table 2 lists the
proportion of isolated trips as a result of severe damages to 20% of the network.
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Figure 6: Disruption of the road transport network: isolated trips in Turkey, Mexico, Serbia and
Germany

Figure 7: Disruption of transport network: isolated trips in 5 urban areas of Turkey
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Table 2: Relative resilience of the road network in five major Turkish urban areas
Region
Ankara
Istanbul
Adana
Izmir
Black Sea
Turkey

Percentage of isolated trips resulting
from damage to 20% of the national
network
8.3
21.8
28.0
33.7
68.7
50.7

At the node level, two of Turkey’s main seaports and two of its airports are exposed to flooding
due to either rainfall (pluvial) or to rivers overtopping their banks (fluvial) or both. Those same
ports are also exposed to minor landslide hazards (less than 2% annual probability in all cases). At
the same time, four seaports and three airports are exposed to wildfire hazards. Table 3 summarizes
the hazard information.
Table 3: Exposure of selected ports and airports to floods and wildfire\1
Site

Pluvial flood exposure
and return period

Fluvial flood exposure
and return period

Wildfire exposure
and return period

İskenderun Port

1/10 – 1/1000 (high
exposure)
1/10 – 1/1000 (high
exposure)
1/10 – 1/1000 (high
exposure)
N/A

Mersin Port

1/100, 1/1000
(moderate exposure)
1/10 – 1/1000
(high exposure)
1/10 – 1/1000
(high exposure)
1/10 – 1/1000
(high exposure)
N/A

Samsun Port

N/A

N/A

Adana Sakirpasa
Airport

N/A

N/A

Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)
Extreme (1/2, 1/10,
1/30)

Trabzon Port
Trabzon Airport
Gaziantep Airport

N/A

1\ The return periods are expressed as the inverse of probability: e.g. a one-in-one-hundred-year return period (written as 1/100)
corresponds to a 1% annual probability of an event of this severity occurring. In general, events with shorter return periods (e.g.
1/10) are more frequent but less severe than those with longer return periods (e.g. 1/1000).
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The resilience of Turkey’s transport infrastructure and operations has never been systematically
assessed at the national level, considering the whole of the network. This would be an essential
step towards understanding the vulnerability of that infrastructure to current and future climatic
hazards and then taking measures to reduce that vulnerability. Climate impact modeling of roads,
railroads, bridges, ports and airports would form a solid foundation upon which policies of adaptive
management via maintenance and investment programs could be built.
Compared to other OECD countries, infrastructure resilience investment needs are higher for
Turkey, but the gains are also higher. Because most of the transport system is exposed to various
hazards in the countries, building all new transport infrastructure assets to higher resilience
standards would increase investment needs by almost 11%. But doing so can reduce average repair
costs by a factor of 7 (Figure 8).
Figure 8: Resilient infrastructure investment needs and its cost-efficiency
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2.4. Turkey Transportation Demand-Supply, Energy Consumption, and GHG Emissions Model
Basic description of the D-SEG model
The Turkey Transportation Demand-Supply, Energy Consumption, and GHG Emissions Model (DSEG model) is a scenario-based spreadsheet model to assess the likely trajectory of future
transport sector energy consumption and GHG emissions in Turkey through 2060. The scenariobased nature of the model denotes that its purpose is not to “forecast” the future, but to
conceptualize a series of plausible versions of the future (i.e., scenarios) and determine what would
likely need to be true, across several policy-relevant supply- and demand-side sectoral variables of
interest, for each of those scenarios to materialize in practice. The spreadsheet nature of the model
means that it is a fully traceable and flexible tool in which all inputs, formulas, and calculations within
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the tool can be assessed individually and changed as needed; it also implies that all that is required
to use the model is access to Microsoft Excel.
The model is national in scope, granular in coverage, and long-term in nature. All data within the
model, historical and projected, inputted and calculated, are national—i.e., for all of Turkey; the
model has no subnational data breakdowns. The model’s transport activity coverage is granular.
On the demand side, the model covers all modes of freight and passenger transport—roads, rail,
aviation, coastal, and pipeline—reported individually, with further breakdowns of policy interest
for some of them. For example, road passenger transport demand is further broken down into cars,
buses, and motorcycles; road freight transport demand is broken down into small trucks and heavyduty vehicles; and rail passenger transport demand is broken down into suburban vs. inter-city rail.
All other modes—freight rail, passenger air, air freight, passenger coastal navigation, coastal freight
shipping, and pipeline transport—have no further breakdowns. Due to data limitations, the model’s
transport demand scope does not include urban rail transport, nor does it include road transport
demand outside of state roads, provincial roads, and motorways.
On the demand side, the model covers the demand for all transport fuels currently used in
Turkey—gasoline, diesel, liquified petroleum gas (LPG), compressed natural gas (CNG), jet fuel (for
aviation), heavy fuel oil (HFO) (for coastal transportation), and electricity. Assumptions are made
as to the future availability and use of as-yet commercially unavailable zero-carbon fuels that may
be used in aviation, shipping, and pipeline transport.
On the supply side, the model is also comprehensive, covering all vehicle types, broken down by
the type of fuel they use, and the infrastructure needed. For example, the model distinguishes
between cars/SUVs powered by gasoline, diesel, LPG, and electricity; between small trucks powered
by gasoline, diesel, or electricity; and between locomotives/rail car sets powered by diesel or
electricity. The model keeps track of major road and rail infrastructure needed to accommodate
transport demand, including state roads, provincial roads, and motorways (with assumptions made
as to the future deployment of electric vehicle (EV) charging stations across the motorway network),
as well as electrified and conventional rail tracks.
As regards temporal coverage, while historical data for some variables goes back to the mid-1990s,
full historical data coverage across all model variables (dozens of variables in total) is provided for
the years 2017-2020. The model’s projections cover the 2021-2060 period. All data within the
model, historical and projected, inputted and calculated, is annual.
The model’s fundamental analytical approach is to link transportation demand with GHG
emissions and energy consumption via emission factors (EFs) and energy consumption factors
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(ECFs) for all vehicle types of all transport modes per unit of demand. Across all modes, the model’s
measure of passenger transport demand is passenger-km, and that of freight transport demand is
ton-km. This was chosen to better account for the transportation intensity of transport demand by
controlling for distance travelled. Mode-, vehicle-, and fuel-specific EFs (for example, the model
distinguishes the EF of gasoline-powered cars vs. diesel-powered cars vs. LPG-powered cars, etc.)
are expressed in grams of CO2e (gCO2e) per unit of transport demand. ECFs link energy
consumption with transport demand through mode-, vehicle-, and fuel-specific specific parameters
for (a) gCO2e per British Thermal Unit (BTU), and (b) BTU per unit of transport demand. BTUs are
then converted to volumes of specific energy sources (e.g., fossil fuels by type) depending on
vehicle-fuel type and the energy content of each fuel. In the case of both EF and ECF parameters,
transport demand assigned to each mode-vehicle-fuel type combination is based on the vehicle-fuel
share of each vehicle type. For example, the share of total car passenger-km assigned to gasolinepowered cars is the number of gasoline-powered cars as a percentage of all cars, and so on for each
mode-vehicle-fuel type.
EF and ECF parameters used in the model, which can be adjusted by the user, were obtained from
research-based sources in Europe, Turkey, or global in scope, primarily CE Delft (Kleijn et al., 2020),
the International Energy Agency (IEA), the International Council on Clean Transportation (ICCT), the
U.S. Energy Information Administration (EIA), and reports from credible industry practitioners, such
as large EV charging station carriers in Europe (see References section at the end of this note).
Where needed, the model contextualized some of these parameters to Turkey’s situation—for
example, to adapt a parameter that is representative of Western Europe to the development
trajectory of Turkey. By linking transport demand projections with energy consumption and GHG
emissions, the model arrives at annual projections of the latter two outcomes at the level of modal
and vehicle granularity outlined above.
The model’s transport demand projections are based on relevant underlying fundamental drivers
of economic and transport activity, such as GDP and population growth. The model uses the
multiplier method to develop transport demand projections. Specifically, it calculates the ratio of
historical (i.e., actual/as-reported) growth in a demand variable of interest (say, truck ton-km) over
a given period to that of its underlying growth driver (say, in the case of truck ton-km, GDP growth),
to arrive at historical multipliers over different periods going back to 2010 (2010-2020, 2010-2019,
and 2012-2020). These historical multipliers are then used to inform the choice of new multipliers
for future periods through 2060; any such choice can be readily adjusted by the user.
A major contribution of the model is its granular reporting. Historical demand volumes—of, say,
truck ton-kms, to remain with this example, but the same applies to other sources of transport
demand—are typically reported in public sources without any breakdown of policy interest (for
example, by small vs. large trucks). The model produces this breakdown for both historical and
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projected headline values for the variables of interest. It does so by using various parameters
specific to each variable. For example, to break down total truck ton-km data by size of truck, the
model includes parameters (i.e., assumptions) as to the share of registered heavy-duty trucks that
are operational, the annual km driven per heavy-duty truck, the share of km driven that are “empty”
(i.e., where the truck is driven without cargo), and the number of tons transported per loaded truck
trip (also known as ‘load factor’). These parameters in turn are applied to the model’s estimate of
the number of registered heavy-duty trucks, which the model produces by linking registered trucks
to GDP and projecting this ratio over future periods based on the historical multiplier approach. The
result is a modeled estimate of the transport demand of heavy-duty trucks, separate from that of
small trucks, which needs to be estimated as it is not officially reported in historical data sources for
Turkey. Similar approaches are used to breakdown other headline demand volumes of interest, such
as total road passenger-km into passenger-km by car, bus, and motorcycle more specifically.
Economic and investment need assessment
In addition to scenario-specific output on emissions, transport supply-demand, and energy
consumption, the model provides some estimates of the present value of the capital investments
in road and rail infrastructure, the economic value of road transport co-benefits/externalities, the
economic value of emissions, and the cost of fossil fuel consumption. For the cost of infrastructure,
the model includes only state and provincial roads, motorways, charging stations along the
motorway network, and new and converted electrified rail tracks. These costs are based on per-unit
cost estimates for Turkey based on data from Turkey’s General Directorate of Highways (KGM) and
Ministry of Transport and Infrastructure (MoTI). The length of this linear infrastructure is calculated
based on asset-specific parameters. For example, the projected length of the motorway network is
calculated based on underlying demand, using the parameter of km of motorway per billion traffic
units (ton-km + passenger-km). The length of the state and provincial road network, on the other
hand, which in practice is driven by numerous factors beyond underlying demand, is projected based
on an area density parameter (km of roads per km2). Similarly, for rail infrastructure provision. The
model’s projections of the length of these networks under BAU conditions were calibrated to closely
match existing government plans as announced in available public sources.
Road transport co-benefits/estimated cost of externalities include air pollution, accidents, and
congestion, based on the Climate Policy Assessment Tool (CPAT); details for the estimations of
these externalities are provided in section 2.5. The cost of air pollution externalities was calculated
utilizing US$/liter of gasoline and diesel consumed parameters. Specifically, US$0.05 per liter of
gasoline and US$0.59 per liter of diesel were used for 2022. These values were adjusted over time
to allow for expected changes, inter alia, in the value of a statistical life (linked to GDP per capita
projections), and in emissions factors (for example, the respective values used for 2035 are US$0.04
and US$0.25, with further assumptions on annual change through 2060). In particular, expected
improvement in engines and vehicle make the externality decline over time. While gasoline and
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diesel (especially the latter) collectively account for the majority of fossil fuel consumption for
transportation, the calculations exclude, due to data availability limitations, air pollution
externalities associated with the consumption of LPG, which is an important part of Turkey’s fuel
mix for passenger cars. Similarly, accidents and congestion externality costs were similarly estimated
based on per-liter of fuel parameters (US$0.68 and US$0.17 per liter, respectively, in 2022), which
were applied to the consumption of gasoline and diesel only and allowed to vary over time based
on CPAT projections (growing to US$1.10 and US$0.76 per liter by 2035, with further growth
assumptions through 2060). One notable limitation of these co-benefit calculations is that, since
they are based on per-liter-of-fuel parameters, they exclude externalities associated with the use
of electric vehicles.
Calibration to Turkey
The model is ‘calibrated’. That is, assumptions made/parameters used have been adjusted in the
historical portion of the model’s time series (2017-2020) such that model output exactly matches
actual/as-reported data for these historical years for key variables of interest, such as emissions or
transport demand volumes. This is important to ‘stabilize’ the model and give it a solid basis from
which to build projections from 2021 onwards. Specifically, calibrated output exactly matches
supply-demand data and emissions accounting data as reported by the Turkish Statistical Institute.
To test the robustness of model calibration, the model’s output on energy consumption for
transportation, which the model estimates from the bottom up, was cross-checked with the
estimated total energy consumption for transport in Turkey by the International Energy Agency
(IEA); both estimates are within approximately 10% of each other, thus showing robustness in
calibration.
The model gives equal priority to developing an accurate current-situation baseline as it does to
producing future projections. A major determinant of the plausibility of future scenario projections
is the accuracy of the baseline, i.e., the current situation. As mentioned earlier, most of the official
reporting on transport sector activity in Turkey, above all from the Turkish Statistical Institute, is
available only at the aggregate level with little in the way of breakdowns that are interesting for
policy-making purposes. In other instances, certain key data of interest may not be available or
periodically reported. To address these limitations the model uses parameters and assumptions, in
similar fashion as described above, to breakdown highly aggregated historical data and to estimate
data that may not be available at all. Through this approach the model is able, for example, to
produce realistic estimates of Turkey’s modal split for passenger and freight transport which are
otherwise not available off-the-shelf in a single reporting source; of transport demand (and
therefore GHG emissions and energy consumption) by vehicle type; and of registered vehicles by
energy source. This level of reporting tells a fuller picture of Turkey’s transportation demand,
energy consumption, and GHG emissions today and lends itself to more actionable analysis as
regards policy making and planning.
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A small number of parameters—‘drivers’—account for the majority of the year-to-year variation
in emissions for the various model projections. These key drivers include:
o the market share of public transport compared to private vehicle transport, and its direct
counterpart, the motorization rate19;
o the market share of freight rail and coastal shipping relative to that of heavy-duty trucks (to
capture the effect of ‘modal shift’ away from trucks);
o the incidence of truck-based freight transport that takes places in small trucks compared to
heavy-duty trucks, as the latter can move significantly more freight per unit of fuel consumed
and per trip;
o the market share of electric vehicles as a percentage of all vehicles in any given category,
including, above all, private cars but also including motorcycles, small trucks, heavy-duty trucks,
and passenger and freight trains; and
o the market share of zero-carbon fuel vessels and aircraft for coastal transport and aviation,
respectively, and zero-carbon pipeline transport operations.
Changes in the evolution of these market shares is what primarily defines the scenarios described
in section 2.2 and in further detail below. In other words, these are key user inputs, which can be
further adjusted to conceptualize additional scenarios. This list of key drivers is important as it is
also a good guide to the design of policies.
The model has a 3-part structure. It includes (i) a “Parameters” sheet, where all parameters and
assumptions are located; (ii) a “Data” sheet, where all data, whether historical or projected,
actual/reported or calculated, are shown; and (iii) a series of output sheets, with key summary
model output on the major areas of interest—emissions, transport demand, vehicle stock, energy
consumption—in both raw data and chart/visual form. These output sheets merely repeat/rearrange data taken from the “Data” sheet, their purpose being to facilitate ready access to this key
output without the need to search for it within the more detailed, longer, and all-inclusive “Data”
sheet.
Scenarios
In building the model, 4 initial scenarios were conceptualized: (i) a “business-as-usual” BAU
scenario, (ii) a “medium ambition” (MA) scenario, (iii) a “high ambition” (HA) scenario, and (iv) a
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The model assumes, based on international experience, that car ownership and use of public transport are related
and that there is a partially inverse relationship between these two variables, whereby, all else being equal, greater car
ownership (i.e., ‘motorization’) rates would be expected to result in lower rates of public transport use, and vice versa.
Such a relationship is particularly relevant in developing country contexts with relatively low starting motorization rates,
which matches Turkey’s current situation reasonably well.
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carbon neutrality by 2060 scenario which is used to build the economywide Resilient and Net Zero
Pathway (RNZP) scenario in the CCDR).
In the BAU scenario, Turkey’s policy efforts to expand adoption and use of public transport, shared
mobility, micro-mobility, and non-motorized transport (through things like deeper adoption of
transit-oriented development in urban, land use, and transport planning, greater public investment
in mass transit and other public transport options with more equitable access, and demandmanagement measures such as private car ownership and use costs, in terms of cost components
like parking fees, fuel costs, registration costs, and the like, that better internalize the externalities
associated with private vehicle use) are limited and, as a necessary corollary, the national
motorization rate (passenger cars per 1,000 population) reaches that of the EU today by 2060; the
passenger and freight modal splits remain largely unchanged through 2060 relative to their current
magnitude; and EV adoption for passenger cars and buses is assumed to reach the modest levels of
33% and 22%, respectively, by 2060.
In the “Medium Ambition” (MA) scenario, where support for public and non-motorized transport
adoption is somewhat greater than what it would have been under BAU conditions, the
motorization rate is assumed to grow to 450 by 2060 (i.e., still elevated, but well below that of the
EU’s current rate), freight modal split sees some modest gains for rail, and EV adoption reaches 60%
for cars and 50% for buses by 2060.
In the “High Ambition” (HA) scenario, where public and non-motorized transport support is
substantial as is the adoption of same, the motorization rate is assumed to grow to 350 by 2060; the
freight modal split sees significant gains for rail; and EV adoption reaches 85% and 80% for cars and
buses, respectively, and 50% for heavy-duty vehicles (HDVs), by 2060.
In the “Carbon Neutrality by 2060” or RNZP scenario, which as the name suggests, brings all GHG
emissions (including those associated with electricity generation for transportation) to zero by 2060,
the same motorization rate and modal split levels as the HA scenario are assumed, but this sceanrio
sees 100% EV adoption for all road vehicles (cars, buses, HDVs) by 2060, and 100% adoption of zerocarbon fuels for shipping, aviation, and pipeline transport by 2060.
As a further extension of the model, a fifth “EV replacement” (EVR) scenario was developed to
illustrate the kinds of outcomes that can be expected for Turkey should climate action in
transportation be confined to electrification alone, with little in the way of motorization/demand
management and no major push in favor of public transport alternatives to private vehicle use over
and above BAU.
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The mechanics for using the model are generally straightforward, with built-in color-coded
references for ease-of-use. The “Parameters” sheet is entirely populated by user inputs (i.e.,
assumptions). All blue-shaded cells within this sheet refer to input value cells that can be directly
adjusted by the user; gray-shaded cells within this sheet are formula-driven and therefore calculated
automatically. In the “Data” sheet, numbers in black font within the Historical portion of the sheet
(column AB and prior) refer to as-reported/actual values; numbers in blue font in both the Historical
and Projection sections of the sheet refer to calculated/formula-driven outputs, whose values will
change as parameters/assumptions across the model change. In the CAGR (“Compounded Annual
Growth Rate”) section of this sheet (columns BQ to BY), which show average annual growth rates
for specified periods (and, in some cases, single-year growth rates), the blue-shaded columns (BQ
to BS) refer to actual annual growth rates and are formula-driven based on historical data. Within
the gray-shaded columns of this section (BT to BY), blue-font numbers are user-inputted growth
rates (i.e., assumptions, informed by the multiplier method as explained above), whereas black-font
numbers are formula-driven. The Output and Chart sheets only display information that is taken
from either the Data or Parameters sheets and are meant for reporting purposes only (except for
the Output-Emissions sheet, which includes calculations of the present economic value of projected
emissions).
2.5. Air pollution, road accidents, and congestion externalities
The cost of externalities associated with air pollution, road accidents, and congestion externalities
was obtained from the Climate Policy Assessment Tool (CPAT) which is a spreadsheet-based tool
jointly developed by the World Bank and the IMF. The following paragraphs provide a brief
description of the approach to estimating these externalities per unit of gasoline and diesel.
Air pollution
The health impacts attributed to air pollution are calculated jointly for ambient and household
pollution, following the methodology from the 2019 Global Burden of Disease study (Murray et al.,
2020). Following quantification of the health impacts, air pollution externalities are computed
according to the following steps:
1. The average ambient air pollution attributed mortality per µg/m3 of PM 2.5 is calculated as total
mortality attributed to ambient PM2.5 in a certain year (referred to as “attributable burden”)
divided by the total ambient PM2.5 in that year
2. Ambient PM2.5 contributed by one unit of fuel used (in µg/m3 of PM2.5 per ktoe) is calculated
using fuel-, sector- and country-specific emissions factors and an emissions-to-concentrations
model
3. The average ambient air pollution attributed mortality per µg/m3 (step 1) is multiplied with the
ambient PM2.5 contributed by one unit of fuel used (step 2), obtaining the number of attributed
deaths by unit of fuel used (deaths/ktoe)
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4. The metric calculated in step 3 is multiplied with the VSL for the corresponding year and country,
obtaining the externality value in dollars per ktoe
5. Energy units are converted to express the externality in a commonly used metric for each fuel,
considering the relevant calorific values in each country and fuels densities when needed. For
diesel and gasoline, the externality is expressed as US$ per liter
Accidents
Accident fatality numbers are from the International Road Federation (IRF) World Road Statistics
(WRS) editions 2001 to 2020 (IRF, 2020), covering the years 1994 to 2018. Missing data in this data
set are filled in using the statistical databases from the United Nations Economic Commission for
Europe (UNECE)20 and the Organization for Economic Co-operation and Development (OECD).21
The benefits of prevented mortalities can be expressed in terms of a value of a statistical life (VSL),
which represents the value a given population places ex ante on avoiding the death of an
unidentified individual. VSL is based on the sum of money each individual is prepared to pay for a
given reduction in the risk of premature death, for example from diseases linked to air pollution
(OECD, 2012). The country specific VSL in CPAT is adapted and adjusted for GDP growth and
inflation.
Congestion
Traffic congestion is measured using the TomTom Traffic Index,22 covering the years 2008-2020. This
index covers over 400 cities across 62 countries.
The TomTom Traffic index statistics are calculated from anonymized GPS data collected via
navigation devices, in-dashboard systems, and smartphones. The congestion level percentages
represent the measured amount of extra travel time experienced by drivers across the entire year.
For example, an overall congestion level of 36% means that the extra travel time is 36% more than
an average trip would take during uncongested conditions. Travel times in free-flow (uncongested)
conditions are not based on legal speed limits but on actual trips made.
Average speed is calculated using TomTom’s total VKT and total travel time. Average VKT per capita
is then multiplied by the size of the urban population over 15 year of age and divided by the average
speed, yielding total urban travel time. To obtain an estimate of the value of travel time, total urban
travel time is multiplied by 50% of the average hourly after-tax wages.
The externality cost is computed as follows:
20

https://w3.unece.org/PXWeb/en
https://data.oecd.org/transport/road-accidents.htm
22
https://www.tomtom.com/en_gb/traffic-index/
21
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•

•

•

•
•

Compute baseline forecast of accidents/congestion without carbon pricing policy (baseline
forecasts take into account historical growth rates, adjusted for forecasted GDP and population
growth)
Compute policy forecast of accidents/congestion with carbon pricing policy (policy forecasts are
the baseline forecast adjusted for the fuel price change using the country-specific elasticity; this
country-specific elasticity is empirically estimated and measures overall (i.e., across channels)
which fuel prices affect accidents/congestion)
Compute for policy and baseline scenarios the monetary value of accidents (multiplying fatalities
by value of statistical life) and congestion (multiplying time lost in traffic times value of travel
time)
Compute the change in value of accidents/congestion with and without carbon pricing policy
Divide change in value by change in motor fuel consumption to obtain externality cost per unit
of fuel

PART 3: BUILDINGS
Buildings in Turkey are highly exposed to natural hazards (especially earthquakes) and account
for approximately one-third of the country’s final energy consumption (IEA, 2021) and 12% of GHG
emissions (Turkstat, 2022). Improving seismic resilience and energy performance of both new and
existing buildings in Turkey can help the country achieve many of its development goals—including
by reducing the number of premature deaths, improving access to safe and affordable housing,
creating jobs, reducing the current account deficit, and boosting FDI inflows—while also helping the
country transition to a low-carbon economy.
Without further improvements in energy efficiency, energy demand from buildings will likely
double by mid-century. Due to expected population and economic growth, Turkey’s building stock
is projected to grow from 9.9 million buildings in 2020 to 17 million by 2050 (an annual average
growth rate of about 1.8%) and floor area is projected to grow from 3.6 billion m2 in 2020 to 7.2
billion in 2050 (an annual average growth rate of 2.3%). Tables 4 and 5 show Turkey’s building stock
in year 2020 (Table 4) and projected new constructions (Table 5) by construction period and
occupancy class.
To explore various resilient and net zero pathways as well as the associated costs and benefits, a
scenario exploration tool was developed. The tool focuses on residential buildings, which account
for about three-quarters of total building emissions (Figure 9) and is described in detail in Section
3.1.
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Table 4: Building stock in Turkey in year 2020

Administrative
Agricultural
Commercial
Cultural
Education
Healthcare
Industrial
Other
Religious
Residential
Social
Sports
Unknown

Number of buildings
Pre-2000
2001-2010 2011-2020
33,124
406
588
179,527
9,392
28,713
470,524
65,507
73,620
1,529
127
337
28,820
6,495
11,844
6,600
1,951
2,932
143,209
28,863
36,037
197,498
5,550
11,077
26,952
1,744
4,434
6,735,813
779,373
972,806
9,215
827
3,658
2,187
1,442
2,824
3,677
0
0

Pre-2000
13,397,344
31,382,265
166,773,015
607,742
12,615,767
2,773,769
61,517,419
65,209,520
9,350,541
2,186,016,283
3,624,456
924,564
1,302,144

m2
2001-2010
197,585
4,645,834
32,102,107
69,157
3,420,550
985,783
14,372,680
2,511,444
918,321
407,202,335
411,560
772,056
0

2011-2020
348,751
15,314,638
38,587,539
176,436
6,819,627
1,593,620
19,669,946
5,479,059
2,519,534
523,955,860
2,086,649
1,537,102
0

Source: Data collected by the Global Earthquake Model team for the World Bank
Table 5: Projected new buildings constructed in Turkey

Administrative
Agricultural
Commercial
Cultural
Education
Healthcare
Industrial
Other
Religious
Residential
Social
Sports

Number of buildings
2021-2030
2031-2040
2041-2050
1,477
1,065
1,315
61,954
56,284
62,401
167,791
136,738
154,710
749
686
681
28,281
23,063
25,491
6,563
5,455
6,184
79,356
67,395
75,646
23,986
19,865
23,080
9,969
8,282
8,833
2,237,833
1,809,192
1,955,391
8,115
6,778
7,325
6,875
5,714
5,914

m2
2021-2030
2031-2040
2041-2050
767,278
648,588
733,872
30,530,698
29,152,101 31,871,608
81,952,633
67,954,028 75,495,692
385,849
347,682
333,176
14,799,450
12,332,059 13,384,699
3,368,414
2,847,883
3,166,864
40,216,688
34,937,195 38,899,303
11,271,957
9,318,489
10,938,617
5,093,454
4,427,896
4,574,149
1,121,720,467 913,341,588 966,306,653
4,318,705
3,681,175
3,842,442
3,484,332
2,988,493
2,987,098

Source: Estimates produced by the Global Earthquake Model team for the World Bank
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Figure 9: Historical buildings emissions in Turkey by building type, 1990-2020
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Source: Turkish Greenhouse Gas Inventory 1990-2020 (Turkstat, 2022)
Note: The fuel consumption of commercial/institutional and residential is not separated until 2015

3.1. Building scenario exploration tool
A spreadsheet-based scenario tool was developed to enable tracking of the Turkish building stock
along two dimensions: seismic resistance and energy consumption. The tool specifies energy
consumption by source (electricity from the grid, solar, other renewables, and fossil fuels, including
natural gas, coal, and oil) and estimates the associated CO2 emissions. The tool also provides rough
order of magnitude estimates of investment needs and select economic benefits, including lives
saved, avoided injuries, avoided displaced persons, reduced building loss costs, job creation, energy
savings and gas import savings.
Building stock and projections
The tool was adapted to the Turkish context focusing on residential buildings and relies on buildings
stock estimates (Table 4 and 5).
Assumptions:
• New constructions are distributed equally over the 10-year construction period.
• To track the residential building stock up to 2053 (the year of Turkey’s net-zero emissions
target), the annual growth rate for 2041-2050 is extended to the period 2051-2053.
• To smooth artificial 10-year jumps, the average size of new buildings is assumed to increase
linearly to arrive in 2053 at the estimate for 2050.
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For each construction period, the building stock and projections data from Table 4 and 5 provide
information about the number of nighttime occupants in residential buildings. Buildings with 4
nighttime occupants or less are assumed to be single-family homes while buildings with more than
4 nighttime occupants are assumed to be multi-family homes. Following this approach, 25% of
residential buildings constructed in the period 2001-2020 have 4 nighttime occupants or less and
are thus classified as single-family. In comparison, 26% of residential building permits in the period
2002-2020 (the period for which building permit statistics exist) were single-family (TUIK, 2021).
Dashboard
The tool comprises a dashboard, a parameter sheet, calculation sheets and data sheets. The
dashboard allows users to specify a policy scenario with several available options, including:
• The user can specify a target level of energy consumption (kWh/m2/year) and the year of
implementation. The level can be specified separately for new buildings (i.e., buildings
constructed post-2020) and retrofitted buildings.23
• The user can introduce electrification as the standard in new and retrofitted buildings and select
the year of implementation.
• The user can specify the number of buildings retrofitted per year and the start year. This can be
specified separately for buildings constructed pre-2001, 2001-2020 and post-2020.
• The user can specify whether retrofitting for seismic and energy efficiency purposes is done
separately or combined of which the latter is a cost saving option.

23

The tool does not identify the necessary measures to arrive at the specified level of energy consumption—for this
purpose, users are advised to use complementary tools such as IFC’s EDGE App.
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Assumptions:
• Total energy consumption in 2020 was calibrated to match historical emissions in 2019
(Figure 9) using estimates of the size of the stock (Table 4) and the fuel mix (Figure 10). Using
this approach, total energy consumption is estimated to be 341 TWh in 2020 (for reference,
this is about 100 TWh higher than estimated by the IEA for 2018) (IEA, 2021).
• Multi-family homes consume 20% less energy than single-family homes (GIZ, 2018).
• A typical single-family house in Turkey consumes around 220 kWh/m2/year while multifamily houses consume 175 kWh/m2/year (GIZ, 2018). The distribution around these values
is, however, assumed large and estimates of average consumption suggest much lower
values: an estimated 130 kWh/m2/year on average in 2020 for single-family homes and 104
kWh/m2/year for multi-family homes.
• New buildings consume the same amount of energy, on average, as existing buildings. In
January 2011, Turkey introduced an Energy Performance Certificate (EPC) requiring new
buildings to achieve class C or higher. Class C can be translated to around 100-150
kWh/m2/year i.e., a range comprising the estimated average energy consumption of existing
buildings.
• In the absence of energy efficiency interventions, energy consumption per square meter
increases by 0.5% annually. This is to reflect e.g., increased use of air conditioners as
temperatures rise and economic growth.
• Both new and existing residential buildings (single- and family homes) consume mostly
natural gas (51%) followed by electricity (23%) (Figure 10)
• Renewables other than solar (geothermal and bioenergy) are assumed to keep a constant
share of the fuel mix (14%) up to 2053. Fossil fuels can be phased out and replaced by a userspecified share of electricity and rooftop solar. This setup enables integration with the
Electricity Planning Model (see Background Note 4).
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Figure 10: Energy consumption in the residential sector by fuel, 2018
Coal, 8%
Oil, 1%
Electricity, 23%
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Geothermal,
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Natural gas,
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Bioenergy, 8%

Source: IEA, 2021
Tracking the building stock – seismic resistance
Making Turkey resilient requires the retrofit or reconstruction of buildings constructed pre-2001
and continued improvement in enforcement of building codes for new buildings. The first seismic
design code was introduced in Turkey in 1940 after the 1939 Erzincan earthquake that killed more
than 33,000 people and destroyed 140,000 homes. Seismic design codes have been updated several
times since then but due to insufficient inspection mechanisms, many buildings are thought not to
comply with the applicable codes and standards. A major update of the seismic design codes was
made in 1998 and following the catastrophic Izmit earthquake shortly after in 1999, public
awareness around low-quality construction practices and non-compliance heightened. Generally,
however, the almost 8 million buildings that were constructed pre-2001 (of which 6.7 million are
residential) are considered poorly constructed with high risk of serious damage or collapse.
The building stock is tracked with respect to seismic resilience from 2020 to 2053 in the tab labeled
‘Seismic’.
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Assumptions:
• Buildings constructed pre-2001 are at high risk of collapse and need retrofitting or
reconstruction.
• Buildings constructed post-2000 are at low risk of collapse and do not require seismic
retrofitting.
• High-risk buildings can become low-risk buildings if they are retrofitted or reconstructed.
Users can select the retrofit pace in the dashboard. The annual renewal rate (demolishing
and reconstructing) is assumed to be 2%.
• The renewal rate is applied to high- and low-risk buildings separately. Low-risk buildings that
are renewed remain low-risk. High-risk buildings that are renewed, become low risk.
• If in any one year, the sum of high-risk buildings to be retrofitted or renewed exceed the
number high-risk building in the stock, renewal is assumed to take place instead of
retrofitting.

Tracking the building stock – energy consumption and electrification
The building stock is tracked with respect to energy consumption and electrification from 2020 to
2053 in the tab labeled ‘Energy’. Tracking the building stock with respect to energy consumption
and electrification is done separately for buildings constructed pre-2001, buildings constructed
2001-2020, and buildings constructed post-2020.
Assumptions:
• The renewal rate (2%) is applied to each building type separately (i.e., pre-2001 single- and
multi-family, 2001-2020 single- and multi-family, and post-2020 single- and multi-family).
• If in any one year, the sum of buildings to be retrofitted or renewed exceed the stock of nonrenewed/non-retrofitted buildings, renewal is assumed to take place instead of retrofitting.
• While the tool does not specify the energy efficiency measures required to achieve the target
level of energy consumption, the implicit assumption is that measures relate to building
envelope design. Since a growing set of energy-efficient technologies are powered by
electricity, electrification is assumed to further reduce per m2 energy consumption by 50%.
This can be considered a conservative estimate with heat pumps, for example, being up to
four times more energy efficient than most furnaces and boilers (GIZ, 2018).
• Buildings can only be retrofitted or renewed once up to 2053 (separate seismic and energy
retrofitting is allowed).
• There is an option to retrofit new buildings (i.e., buildings constructed post-2020) if
electrification or improved energy efficiency standards are introduced with delay.
• Buildings constructed post-2020 are not renewed.
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Investment needs
The tool provides rough order of magnitude estimates of investment needs, specifically for seismic
retrofitting, energy efficiency retrofitting, electrification retrofitting as well as the additional
investment needs for reducing energy consumption and electrifying new buildings. Investment
needs are calculated in the ‘Investments’ tab.
Assumptions:
• Seismic retrofitting. Assuming a fraction of retrofitting to construction cost of 7% (Bournas,
2018) and 2,000 Turkish lira (285 US$ using the DEC alternative conversion factor for 2020)
per m2 in construction costs, the cost of seismic retrofitting is 20 US$/m2. If seismic
retrofitting is done in combination with retrofitting of the building envelope for energy
efficiency purposes, costs reduce by 25% (Gkournelos et al., 2019) due to, for example, lower
labor costs, reduced scaffolding expenses, and minimized disruption to building occupants.
• Energy efficiency. The cost to achieve 20% less energy and water use in new buildings is 3%
of construction costs (IFC, 2019). The additional cost to achieve 20% less energy use is
assumed to be roughly 2.5% since water efficiency measures are generally lower-cost than
energy efficiency measures. Using a 120 m2 single-family house with a baseline energy
consumption of 130 kWh/m2/year, a 20% reduction in energy consumption (26
kWh/m2/year) would cost around 850 US$ or 0.3 US$/kWh. Retrofitting for energy efficiency
purposes is assumed to cost the same per kWh as new constructions if done in combination
with seismic retrofitting. If done separately, the cost will be higher: 0.4 US$/kWh (as above,
the assumption is 25% cost savings when doing combined retrofitting).
• Electrification. The two major components considered are electrification of heat and
cooking. There is large variation in the cost of heat pump and electric cooktop installation.
Assuming a total of 4,200 US$ in installation costs for a 120 m2 single-family house, the cost
of electrification is 35 US$/m2. There is assumed no difference in per m2 cost for single- and
multi-family buildings. The additional cost to electrify a new building is assumed 50% lower
than an existing building since new electrified buildings will be installing e.g., a heat pump
instead of a gas furnace. The base case is different in existing buildings where already
installed gas furnaces need to be replaced.

Economic benefits
The tool provides rough order of magnitude estimates of selected economic benefits including lives
saved, avoided injuries, avoided displaced persons, reduced building loss costs, job creation, energy
savings and gas import savings. These benefits account merely for a subset of the benefits from
building interventions. Multiple benefits, which are not quantified here, include e.g., increased
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comfort and quality of life, improved air quality, reduced insurance premiums, and increased
property values. Economic benefits are estimated in the ‘Benefits’ tab.
Assumptions:
• Lives saved. Number of lives lost is calculated based on average annual fatalities, a
probabilistic seismic risk metric developed by Global Earthquake Model (GEM) for the World
Bank (see Background Note 1). The assumption is that the number of lives lost will reduce in
proportion to the number of buildings constructed pre-2001 that are either retrofitted or
renewed. A value of statistical life of 2 US$bn is applied to calculate the economic value of
lives saved. For reference, the recommended value of statistical life for OECD is $1.45-4.35
million (OECD, 2011).
• Avoided injuries. An injuries-to-deaths ratio of 2.4 is calculated based on EM-DAT data on
earthquakes in Turkey. This ratio is then applied to average annual fatalities to arrive at
average annual injuries. A value of 1 US$bn is applied to calculate the economic value of
avoided injuries. For reference, this value falls between the total cost of injuries that are
classified as severe or critical as estimated by Cropper & Sahin (2009).
• Avoided displaced persons. The Internal Displacement Monitoring Centre (iDMC) estimates
that average annual displacement due to earthquakes in Turkey is nearly 50 thousand people
(iDMC, 2022). The cost of meeting the needs of internally displaced persons in terms of
security, housing, education, health and livelihood represent on average $310 per person for
one year of displacement in Turkey (iDMC, 2020). It is assumed that the number of displaced
people reduces proportionally to the reduction in buildings at high risk of collapse.
• Reduced building loss costs. Average annual building loss, a probabilistic seismic risk metric
developed by GEM for the World Bank (see Background Note 1). The assumption is that
building loss costs will decrease proportionally to the decrease in high-risk buildings.
• Job creation. According to a recent IFC publication, 125 US$bn invested in deep energy
retrofitting of buildings could create 3.4 million job-years (IFC, 2021). That is an estimated 27
job-years created per $1 million invested in retrofitting. The average annual wage rate for
craft and related trades workers in Turkey was applied to estimate the economic value of
jobs created (ILOSTAT, 2021).
• Natural gas import savings. The 2020 gas price is based on available historical data at the
Netherlands Title Transfer Facility and net-of-tax prices at the plant gate in Turkey. Gas price
projections were based on the general trends of the World Bank’s Commodity Markets
Outlook from April 2021.
• Energy savings. Electricity, natural gas, oil, and gas consumption was valued using baseline
retail prices and projections from a pre-release version of the joint World Bank and IMF
Climate Policy Assessment Tool (CPAT 1.0b_282) for the period 2020 to 2036. Simple linear
extrapolation was used to obtain price projections beyond 2036.
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3.2. Earthquake resilient and net zero buildings
There are multiple pathways to realizing Turkey’s mitigation and adaptation targets in the
residential sector. To achieve an average energy consumption of around 50 kWh/m2/year by 2053,
using 0% fossil fuels, and having 100% seismically resistant residential buildings by 2040, three
scenarios have been explored (Table 6). In the first scenario (“early action”) energy efficiency
measures are implemented in new residential buildings alongside electrification starting in 2022 and
existing buildings are undergoing integrated seismic and energy retrofitting. In the second scenario
(“delayed action”), energy efficiency measures are implemented in new residential buildings
alongside electrification starting in 2030 to align energy use with the 2053-target, existing buildings
are seismically retrofitted starting in 2022 while energy retrofitting is delayed to 2030. In the third
scenario (the RNZP scenario), electrification is delayed to 2030 while energy efficiency measures are
introduced in both new and existing buildings starting in 2022.
Table 6: Emissions, investment needs, electricity demand growth, and gas import savings from
energy efficiency and seismic upgrade of residential buildings
Targets:
50 kWh/m2/year in 2053
0% fossil fuels by 2053
100% seismically resistant buildings by 2040
Early action
Delayed action
RNZP
Cumulative emissions 20222053 (MtCO2)

477

960

788

Total investments
(undiscounted) (US$ billion)

265

312

289

Total investments
(discounted, 6%) (US$ billion)

136

120

126

Electricity demand growth
from 2021 to 2030 (%)

89%

58%

19%

Gas import savings 2022-2053
(undiscounted) (US$ billion)

321

243

271

70

87

Gas import savings 2022-2053
116
(discounted, 6%) (US$ billion)
Note: Investments are additional to a business-as-usual scenario.

Early action in the residential sector can substantially reduce emissions but would require significant
investments in the near term and could put the power system under pressure. The early action
pathway will cost an estimated additional 73 US$bn in discounted investments in the period 20222030 and increase electricity demand from 82 TWh in 2021 to 154 TWh in 2030. If electrification is
delayed to 2030, the additional investments required up to 2030 will be 28 US$bn lower and
electricity demand will increase more moderately to 98 TWh in 2030.
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