"m Check for updates

Journal of Climate Change Research 2021, Vol. 12, No. 5-1, pp. 363~370
DOI: https://doi.org/10.15531/KSCCR.2021.12.5.363

SA DHS 0|85 248 24 42 0F U CO, MY &1t 24

*

i

ol

I ZYsn Zi4, "SENUOTY MRS, TZEIS MOEYBst / YEl0EIS st Bk

=1

J

Forecasting Hydrogen Demand for Transportation Using the Diffusion Model
and the CO, Reduction Effect

Lee, Chul-Yong™ - Jeong, Dongho™ - Shin, Jungwoo ™"

“Assistant Professor, School of Business, Pusan National University Pusan, Korea
**Specialist, Korea Development Institute, Sejong, Korea
"dssociate Professor, Department of Industrial and Management Systems Engineering /
Department of Big Data Analytics, Kyung Hee University, Seoul, Korea

ABSTRACT

In order to realize a net-zero emissions society in 2050, transition to a hydrogen economy from a carbon economy is
essential. In this study, using the diffusion model and fuel cell electric vehicle (FCEV) data, a hydrogen vehicle forecast for
2040 is created. The demand forecast results of this study and the government's target values are compared. In addition, using
the estimated FCEV forecasts, we forecast the demand for hydrogen for transportation and analyze the effect on emissions
of CO,, the core greenhouse gas. The estimation results show that about 2.5 million units will be supplied by 2040, which
is 87.4% of the government target of 2.9 million units. To meet increasing demand by 2040, 886,262 tons of hydrogen will
be needed, and a net 7,294,113 tons of CO, will be reduced. However, it is necessary to maximize CO, reduction by converting

hydrogen production methods from the current gray hydrogen to green hydrogen and blue hydrogen.
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Fig. 1. Flow diagram of analysis
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Fig. 2. Number of registered fuel cell electric
vehicles and electric vehicles
(Source: Ministry of Land, Infrestructure, and Transport, 2020)
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Table 1. Analysis result of electric vehicle sales by

model
. Gompertz | Logistic .
Variables Variables Bass model
model model
a 0.0091** | 0.0501** p 0.00001%*
b 293.93*%* | 218.06** q 0.0395%*

Note: ** 1% significant level

Gompertz, Logistic, Bass & Diebold and Mariano
(2012) At ASS WS, 1 dd+= ot B
Zt}. Diebold and Mariano(2012) HA5Z23}, Gompertz >
Logitsic > Bass <0 & Z3}4 9] xFol7} F-9J51A] LE
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2 ZEHAT

Table 2. Diebold and Mariano(2012) Goodness of Fit

test result
Significance of the MAE
difference between the
Performanc Models MAE alternative model and the
€ proposed model
Gompertz | Logistic | Bass
Gompertz Gompertz | 1405.45
> Logistic Logistic 2408.22 *E
> Bass Bass | 6151.62 *x *x

Note: *** 1% significant level, ** 5% significant level,

* 10% significant level
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Table 3. Demand forecasting for fuel cell electric

vehicle

Goverment’s
Target (B)
67,000

850,000

2,900,000

Time Forecasts(A) A/B*100

2022
2025
2030
2035
2040

37,230 55.6%
147,161
652,162

1,541,335

2,533,409

76.7%

87.4%
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Table 4. Demand forecasting by FCEV type and hydrogen (Units)
Time Car Bus Taxi Truck Sum (units) Hydrogen demand (Ton)
2022 36,118 1,111 - - 37,229 16,194
2025 141,813 4,018 665 665 147,161 64,104
2030 621,472 15,345 7,672 7,672 652,161 286,565
2035 1,465,202 27,767 27,767 20,599 1,541,335 614,329
2040 2,402,370 34,944 69,887 26,208 2,533,409 886,262
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Table 5. Fuel efficiency driving distance per ton of
hydrogen and by FCEV type

Driving distance
FCEV
per ton of Note
type
hydrogen
Car 96,200 Based on Hyundai Nexo
Bus 10,000 Joint ministries, 2019(a), p.23.
Taxi 96,200 Based on Hyundai Nexo
About 400km travel distance with a
Truck 12,500 .
hydrogen storage capacity of 32kg

Source: FCEV Car and Taxi (https://www.hyundai.com/kr/ko/e/
Vehicles/nexo/spec), FCEV Truck(https://www-trucknb
us.hyundai.com/kr/news/Press-Kit/trucknbus-eco-0707?sn
=BL00000569)
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Table 6. CO; emissions per kilometer mileage

(Unit: g/km)

Vehicle type CO, emissions
Gasoline car 209.8
Diesel car 243.4
Electric car 77.1
Electric Bus 693.5
Taxi 228.8
Diesel Truck 304.0

Note: Emissions from diesel trucks are estimated using the fuel
efficiency ratio of diesel cars and diesel trucks. Emissions
of electric buses are estimated using the efficiency ratio
between electric cars and electric buses.

Source: Korea Institute of Public Finance(2017), p.35, reconstructed
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Table 7. CO2 emissions per kilometer of electric car

(Unit: g/km)
TE= CO,
Electric car (LNG) 66.3
Electric car (Coal) 150.5
Electric car (Power generation mix in 2019) 77.1

Source: Korea Institute of Public Finance(2017), p.35, reconstructed
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Table 8. Annual CO, reduction effect per FCEV by

vehicle type (Unit: Ton)

Car Bus Taxi Truck

CO, reduction due to
. 3.15 67.27 17.61 19.00
hydrogen car conversion

CO, emissions from
hydrogen production (99% 1.46 94.11 7.76 48.51
of reforming from LNG)

CO; emissions from
hydrogen production (50% 0.74 47.53 3.92 24.50
of reforming from LNG)
CO, net reduction (99%
of reforming from LNG)
CO, net reduction (50%
of reforming from LNG)

1.69 -26.84 9.85 -29.51

2.41 19.74 13.69 -5.50
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