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Novelty

1. Integrating multi-model ensemble climate projections into an established Agent-Based Model

2. Modifying the Bass diffusion model by embedding policy effects directly through time-varying sensitivity parameters
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3. Integrating economic and social factors into modelling hydrogen diffusion in the heavy truck sector
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Research Objectives

Evaluate EV Diffusion: Assess adoption rates under diverse policy scenarios, from minimal to high-intensity support.

Analyse Hydrogen Demand in Heavy Trucks and Steel Manufacturing: Quantify the impact of policies like

subsidies and tax incentives on hydrogen adoption.
Examine CO, Emissions: Investigate how policies affect CO, emissions from electricity generation

Assess Electricity Capacity Changes: Explore policy impacts on electricity generation capacity critical for green

hydrogen and EV adoption.

Detect the Best Policies: Reveal the most proper and effective policies to steer and accelerate transition towards green

technologies
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Methodology & Model

Data Collection: Future projections of climate variables from

selected top-four CMIP6 Global Climate Models (GCM) for

Tlrkiye CLIMATE MODEL Calculation of Renewable p—
. Diffusion Models
. . . . Electricity Supply Data
Estimation of Electricity Demand and Renewable Generation: Top 4 GCMs T Eiiﬁh;iﬁﬂiﬂﬁﬁii'f; —

Electricity generation from PV

Cooling-Degree-Day Electric vehicles

Projections for Tirkiye’s future electricity demand, cooling-

v

Projection of Climate

Variables for
Wind Speed (10m)

\ 4

Running Agent-Based
Simulation Model

v

degree-days (CDD), and potential generation from wind and

solar systems Temperature 30, s
Radiation Power plant invesments
Utility Function Weights for Technology Investment: Weights : —mm————— - NS T : (E;'e“”“ty price
reen hydrogen price

Electrolyser investments
Impact of regulations

Utility Function for Technology Selection

for different technology investment options

AHP analysis
MAUT EXPERT OPINIONS :| ABM SIMULATION

Development of Diffusion Models: Electric vehicles (EVs), steel
production, and freight transportation.
Agent-Based Model Development and Simulation: Simulate

various policy scenarios from 2023 to 2040
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Methodology & Model

AGENTS

e Government
e Market Maker
e [PPs
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AGENTS

e Government

e Market Maker
e [PPs

MODULES

» Sectoral electricity demand module

* Electricity generation module

* Capacity addition/shutdown module
« Carbon module

* Hydrogen module

» Electric vehicle module
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Methodology & Model

Initial Data:

Demand coefficients, Portfolio, Energy generation from RES, Energy price,
Generation Technologies, Hydrogen demand, Steel production, Heavy Truck

Transportation Utility function coefficients...

<

Forecast electricity load
Forecast hydrogen demand
Bid for electricity price
Bid for green hydrogen price
Compare Investment Options
Investment Decision

Forecast electricity load
Forecast hydrogen demand
Bid for electricity price
Bid for green hydrogen price
Compare Investment Options
Investment Decision

I

Agent Investment Decision

l

Emission check

Final Year

Update System Data:
Electricity Demand
Hydrogen Demand
Installed Capacity

Electricity Price
Green Hydrogen Price
EV Diffusion
Carbon Allowance
Carbon Tax
Subsidies
Generation Technologies

A
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Tiirkiye’s electricity generation based-CO, emissions
have a negligible impact on global climate.

*Power generation estimates are based on the average
output from the most efficient locations, using
capacity factors projected from future GCM
predictions.

*Tiirkiye has reached its full hydropower capacity,
preventing further hydropower development by IPPs.

*[PPs are expected to face challenges in developing
offshore wind turbine projects, limiting their
expansion into this sector.

*Maximum capacity for electricity generation
technologies is assumed as:

*PV systems: 387 GW

*Wind energy systems: 83 GW

*Geothermal systems: 5§ GW

*Biomass energy systems: 9.5 GW
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EVs and green hydrogen

Carbon Tax ($/tonCO,, t=0) - - - -

1
1
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Hydrogen Subsidy (S/kgH2)

EV Encouragement Policy = = = =
Implication

govCamp (Mil. USD)
Parameters/Scenarios

EVs and green hydrogen

Carbon Tax ($/tonCO,, t=0) - - - -

Hydrogen Subsidy ($/kgH2) - = - _

EV Encouragement Policy + + + +
Implication
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Total Hydrogen Demand

*Disparity in Hydrogen Demand: The study highlights a fivefold
increase in hydrogen demand between low (S1) and high (S19)
intervention scenarios, demonstrating the significant role of policy
frameworks in driving demand.

*Low-Policy vs. High-Policy Scenarios: In SI, hydrogen demand
reaches only 0.07 million tons by 2040, whereas in S19, with strong
interventions, demand increases to 0.33 million tons, emphasizing the
impact of aggressive policies.

*Intermediate Scenarios: Moderate policies (S5, S15) result in
moderate hydrogen demand growth (~0.1 million tons), indicating that
while small incentives may help, they are not enough for transformative
change.
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Diffusion of EVs

=2}
o

*Base Scenario Insights: In the base scenario, EV adoption
remains slow, reaching only 21.7 EVs per 1000 capita by 2040

Ul
o

-Policy-Driven  Scenarios:  S9-S14  show  significant §
improvements, with modest policies (S9, S10) increasing adoption §
to 30.9 and 32.5 EVs per 1000 capita 3 30
*Aggressive Policy Impact (S12-S14): The highest policy E %
intervention scenarios (S12-S14) lead to rapid EV adoption, with =~ 10
S14 reaching 57.1 EVs per 1000 capita by 2040
0
°Alignment With Real-World Estimates, The mOdel,S 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
1 Year
pI’OjCCtiOIlS align with SHURA (2024) estimates of 20-25 EVs ---- Base —— B=0.2, a=0.01 —— B=0.3, a=0.01 B=0.4, a=0.01 —— B=0.2, a=0.05 —— B=0.3, a=0.05 —— B=0.4, a=0.05

per 1000 capita by 2030.
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Total Electricity Demand

*Electricity demand steadily increases across all
scenarios due to economic growth & sectoral

. . 650
electrification.

600

*Base Scenario: Lowest demand (~570 TWh by 2040). ol
< 500
*High-Intervention Scenarios (S18 & S19): Higher ? a0
demand (~600 TWh by 2040). 400
350
300 :
) 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
*2025-2030: +25.1% % (Fastest growth phase) Year
----Base—S1 —S2 S$3 —S4 —S5 —S6 —S7 —S8 —S9
.2030_2035. +14 5% ,_/ —S10 —S11 —S12 —S13 S14 §15 —S16 —S17 —S18 —S19

*2035-2040: +9.9% 7 (Slower but sustained growth)
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geothermal grow with policy ambition.

*Wind, bioenergy, hydro, and

30 GW

(2030) — 49.1 GW (2040, Base); ~40

GW (S19)

*Natural Gas Expands

*Fossil Fuel Trends

S19

S16

S15

s14
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Base

*Coal Stagnates after 2030.
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Capacity Additions-Electrolyser

*Low-Policy Scenarios (S1-S3):
*Modest Growth: ~1000 MW by 2040

eLimited incentives — slow adoption & small-scale 3500
investments.

*High-Policy Scenarios (S17-S19):

*Exponential Growth: S19 surpasses 3300 MW by 2040 £ oo i —
. . . o o [5:] o X oY N, ) N O
Driven by subsidies, carbon pricing, and mandatory | % 5o 923 853 23¥ o¥8 =89
N .. “ 1000 IR XD == Fe® Re_
decarbonization targets. ‘ g B

*Policy-Driven Discrepancies: g
.o . S1 S2 S3 S5 S6 S7 S8 S15 S16 S17 $18 S19
*Strong policies accelerate hydrogen adoption. 030 42035 52040
Key barriers: High capital costs & grid stability B )
challenges.
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*Emission Trends: CO: emissions peak at 152.7 Mt in 2032 before
declining due to renewable expansion, reaching 103 Mt by 2040 (Base
scenario).

*Policy Impact: Strong interventions (e.g., S19) reduce emissions by
~44.6% by 2040, bringing them down to ~80 Mt, while the base scenario
sees a slower decline.

Results
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*Cumulative Emissions Growth: By 2040, the Base scenario
reaches >2490 Mt, while aggressive policy scenarios (S14, S17)
reduce emissions to ~2300 Mt (~7.9% lower).

*Policy Timing Matters: Major divergence occurs after 2032,
showing that early and strong policies significantly curb long-
term emissions.



CO2 Emissions

‘EV Adoption Impact: Even without subsidies, EV

integration can cut ~70 Mt CQO, by 2040. 350
300
*Carbon Taxing Effectiveness: The most powerful policy g 1
. L L o ,\ o-
tool, accelerating hydrogen adoption in steel & heavy g2 &35
. . . 0 o
transport for significant CO, reductions. S 200 2 R2 e
£ 3 ' =
3 B3 2 3
° ° ° . . E E Fi 5
*Sectoral Emission Reductions: Strong policies can reduce 3 ° - (S B S
b ‘:‘ S LQ 5 é N 3 = =
223.5-319.3 Mt CO,, with 55% from heavy transport, 32% 8100 8 s g & = § g é 88
from steel, and 13% from electricity. £ 2 E|E E BB ==
0 & “ER “mE =m
*Targeted Carbon Pricing: Sector-specific strategies can B BB BB EREEIE - EIEEE
maximize reductions while minimizing economic Base S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 SI12 S13 S14 SI15 S16 S17 S18 S19
disruption& = Steel =HT Transportation =EV
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e

Accelera

« EV Purchase
Subsidies
* Low Public
Awareness
Campaigns

tor Impact

» Carbon Tax
* Hydrogen
Subsidies

« Comprehensive
EV Support

* Public Awareness
Campaigns

* Minor tax cuts
* Uncoordinated
policy changes

-

*« Mandatory Green
Hydrogen Quotas
for Steel &
Transport
* Infrastructure-
First Approach

Steering
Impact

Conclusion

*High-Impact Policies: The top-right quadrant (e.g., carbon tax, hydrogen subsidies,
EV support) reshapes markets and accelerates adoption, driving large-scale
transformation.

*Short-Term vs. Long-Term Effects: EV subsidies and awareness campaigns boost
adoption quickly but don’t alter market structures, whereas hydrogen quotas and
refueling investments transform markets but require more time.

*Minimal Impact Policies: Small tax cuts and uncoordinated incentives fail to drive
significant adoption or market shifts, emphasizing the need for robust, well-structured
policies.

*Policy Synergies Matter: Carbon taxes alone increase fossil fuel costs but may not
ensure hydrogen adoption—hydrogen subsidies help lower early costs, making hydrogen
viable.

*Long-Term Benefits of Combined Policies: Carbon tax + hydrogen subsidies drive
higher adoption, lower costs, and greater electrolyzer investment, reinforcing a scalable
hydrogen economy.
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Conclusion

Integrated Policy Strategies: The study underscores the importance of coordinated policies in shaping electricity demand,
capacity expansion, and emissions reduction, supporting Tiirkiye’s clean energy transition.

Impact of Ambitious Policies: High-policy intervention scenarios significantly boost demand for EVs and hydrogen,
emphasizing the need for sufficient renewable capacity to meet this demand sustainably.

*Electricity Capacity Trends: While wind and solar dominate under strong policies, natural gas remains crucial for grid
stability, highlighting integration challenges for intermittent renewables.

Emissions Reduction Potential: Aggressive policies accelerate low-carbon technology adoption, cutting emissions in
sectors like transportation and steel, whereas weak policies result in continued fossil fuel reliance.

*Future Research Directions: Expanding hydrogen applications in chemical and cement industries and using advanced
orid modeling could enhance insights into Tiirkiye’s long-term decarbonization pathways.
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Thank You!

Decarbonizing Turkiye: Exploring Policy Impacts on EV and Hydrogen Diffusion Through Agent
Based Modelling
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