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Indus try
Kaohsiungis the third most populatedcity in Taiwanwith 2.77 million residents. TheCity hastransformedfrom an industrial center with
refining and shipbuildingindustries to focus on the semiconductor/ photoelectric, digital content, biomedical,cultural creativity, and
tourismindustries.

CHINA STEEL

Corp.

CHINA PETROLEUM Corp.

CHINA SHIPBUILDING Corp.

SEMICONDUCTOR Industry

CHEMICAL Industry

MEDICAL Industry

Port of Kaohsiung

Tainan
Science Pa rk

Luzhu
Science Pa rk

Ciaotou
Science Pa rk

Kaohsiung
Software Technology Pa rk

NSYSU

50km

TSM C Corp.

ASE Corp.



3S ourc e: K aohsiung Ci ty Gov er nmen t
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Cl i m a t e

Kaohsiung has tropical monsoon climate with an average temperature of 25°C,

with high of 35°C in July and low of 10°C in January. Rain and typhoon usually

occur in the summer months of June - August.

T ra n s p o r t a t i o n

Kaohsiung is easily accessible by the

international airport (KHH), high

speed rail (THSR), TRA train, metro-

rapid transit (KMRT), light rail (LRT), and

Kaohsiung i-bus.

Kaohsiung  

City

Light Tail (LRT)Metro -rapid 

transit
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Green Hydrogen MarketExpected to Experience Robust Growthwith a Projected 
CAGR(Compound Annual Growth Rate)  of 62%during the Forecast Period

Sources: https:// www.globenewswire.com /news

The Green Hydrogen Market's expansion is primarily fueled by government initiatives promoting green hydrogen and renewable energy, 
driven by growing concern over environmental degradation.

USD 21.69 Billion by 2029 
from USD 1.94 Billion in 
2024
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2030 in the Net Zero Emission

Low-emission hydrogenis essential for decarbonizing heavy industry, long-
distancetransport, and steelmaking.

üFor highly energy-intensivetransport (aviation andshipping).

ü In road transport, hydrogen fuel cell electric vehicles (FCEVs) more efficient 
than EV.

üNew applications in industry are critical in steelmaking. 

https://www.iea.org/reports/transport
https://www.iea.org/reports/aviation
https://www.iea.org/reports/international-shipping
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Infrastructure for hydrogen use in 
transport is expanding-more than 
over 1160hydrogen refueling 
stations in operation at the mid-
2025.

VCzech Republic: 4

VEuro: 186

VJapan: 181

VChina: 540

VKorea: 198

VGermany: 113

VUnited States: 89

VTaiwan: 1
© IEA, All rights reserved
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Grey hydrogen, how hydrogen is currently made Blue hydrogen, as advocated by the gas supply industry 

Green hydrogen, made from renewable energy 

Source: https://h2sciencecoalition.com/briefings/clean-hydrogen-definition/
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Blue H2 Production Emission

Source: https://h2sciencecoalition.com/briefings/clean-hydrogen-definition/
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Hydrogen could provide useful 
renewable energy storage until 
needed for winter peaks. 

However, this can be more efficiently 
implemented using re-purposed 
combined cycle gas turbine (CCGT) 
power stationswithout needing more 
comprehensivegas grid conversion.

Source: https://h2sciencecoalition.com/briefings/clean-hydrogen-definition/

Hydrogenas an energy delivery 
carrier is relatively inefficient 
compared with using renewable 
electricity with heat pumps

Green H2 Production Emission
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BP plans UK's largest blue and greenhydrogen1 GW
project in the Tees Valleyin 2017

Sources: https://www.offshore-energy.biz/rwe-teams-up-with-kellas-midstream-for-green-hydrogen-production/
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World largest hydrogen fuel cell power plant was built in 
Korea by KOSPOς135 MW (2025)

Å It is in operation in 2021.

Å Capable of providing electricity to some 250,000

households.

Å The project cost about $300 million.

Å It emits little SOX and NOX.

Å It can purify fine dust emitted from a nearby 

liquefied natural gas (LNG) thermal power plant run 

by KOSPO.

Å It would also produce hot water for heatingthat 

can be used by about 44,000households. SOFC power plant

© Doosan Fuel Cell
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Hydrogen production costfrom the hybrid solar cell and wind 
power in 2030. 

VThis area is very suitable for solar green energy generation.

V1.5 USD/kg H2 that would place it as one of the cheapest green 
hydrogen producerin the world.

Source: 
https://www.researchgate.net/publicat

ion/361926388

1.5 USD/kg H 2
Best area

© IEA, All rights reserved



13Sources: https://www.nutrien.com/what-we-do/stories/collaboration-key-our-blue-and-green-ammonia-journey
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Blue Hydrogen Risks and Dependencies 

üDependence on CCS technology
- A cost-effectivescaling up of CCS technology and capacity is essential. 

üDependence on fossil fuel supply
- International market fluctuations will directly impact the cost of production.

üEmissions from the production
- Mainly methane.
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Blue Hydrogen Risks and Dependencies 

üDependence on renewable electricity generation and supply
- Significant expansion of renewable energy capacity.

üCompetition for renewable energy between direct electrification and green 
hydrogen production

üElectrolyserbuild rates and supply of the critical raw materials required
- Rising global demand could cause price fluctuations and potentially lead to 

geopolitical issues.

ü Access to sufficient water supply and sufficient waste management systems, 
together with the availability and access to renewable electricity

-!ǊŜ ŎǊǳŎƛŀƭ ŦŀŎǘƻǊǎ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ƎǊŜŜƴ ǇǊƻŘǳŎǘƛƻƴΩǎ ƭƻŎŀǘƛƻƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
impact.
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Green methanol production for chemical industry

© IEA, All rights reserved

The various components can be combined in the hydrogen 
transmission and distribution value chain, leading to specific 
cost benefits . 
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Safe, Reliable , and Informed Innovation Across the Hydrogen Value Chain

© IEA, All rights reserved 
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Hydrogen storage 

© IEA, All rights reserved

Å Geological storage 
- The best option for large-scaleand 

long-term storage.

Today hydrogen is most commonly stored as a gas or liquid in tanks for small-scale mobile and 
stationary applications.

Å Storage tanks
- The more suitable for short-term

and small-scale storage.
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Hydrogen Transmission and Distribution

ÅThe low energy density of hydrogen means that it can be very expensive to 

transport over long distances.

ÅNatural gas, pure hydrogen, can be liquefied before being transported to 

increase density .

Å Incorporate the hydrogen into large molecules that can be more readily 

transported as liquids .

Å IEA analysis indicates that hydrogen transmission as a gas by pipeline is 
generally the cheapest option if the hydrogen needs are transported for 

more than 1500 km.  

© IEA, All rights reserved
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Hydrogen Transmission and Distribution

Å Transporting energy over long distances is easier when the energy is a chemical fuel rather 

than electricity.

Å Pipelines 

- It can be used for a long time (40 -80 years).

- Their two main drawbacks are

a. the high capital costs entailed.

b. the need to acquire the right of way by necessity (Country to Country).

Å Shipping
- Imported hydrogen offers scope for countries to diversify their energy 

imports, and one result of this is significant interest in using ships to transport 
hydrogen . © IEA, All rights reserved 
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Potential Roles of Hydrogen in Future Energy Systems

VIndustry

VTransport

VHeat and Building
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Industry

ÅChemical industrial processes
- The hydrogen demand for methanol production will likely increase from 

plastic production shifts away from fossil fuel-based production processes.

ÅPrimary steelmaking
- Hydrogen can substitute fuels as the sole reducing agent to produce direct

reduced iron and water instead of CO2 as a by-product.

ÅIndustrial heating
- Hydrogen is likely to be the only option available to substitute fossil fuel

in certain industrial direct-firing processes (such as furnaces and kilns).

© IEA, All rights reserved 
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Transport
ÅHeavy goods vehicles and public service vehicles 

- Hydrogen fuel cell electric vehicles.

Source: https://www.innovationnewsnetwork.com/bmw-brings-a-revolutionary-fleet-
of-hydrogen-vehicles-to-our-roads/30656/

BMW to launch production hydrogen X5 
with fuel-cell tech in 2028
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Transport
ÅShipping

- Hydrogen -derived fuels such as ammonia will likely be the most widely 

adopted option.

© IEA, All rights reserved
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Heat and Building
Å Domestic heating

- As the UK strives to meet its ambitious climate targets, decarbonizing the way we heat our homes and workplaces has 

become a key focus. Currently, heating accounts for nearly a quarter of the UK's carbon emissions, with around 85% of 

homes relying on natural gas . While technologies like heat pumps and heat networks are gaining traction, hydrogen 

heatin g is emerging as a potential alternative.

Hydrogen heating could be coming to the UK in 2026 based on the 
government's heating strategy(Image credit: BDR Thermea)

Sources: https://theicct.org/publication/hydrogen-for-heating-decarbonization-options-for-households-in-germany-in-2050/
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AI Datacenter Power Solution 

@ Deltaôs company
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1. Lower CO2 emission about -27% if no CCUS

2. Wider power sources options , easier for some countries those hard to 
have MW power supply

A. Natural Gas

B. Bio Gas

C. Hydrogen

D. Ammonia

3. Higher availability by having more energy sources to minimize

the potential risk of single power sources failure .

4.  High temperature fuel cell as SOFC to integrate with absorption

cooling system for another energy saving

5. Possible to offer the DC power output direct to DC powered IT

as stack originally generated DC power , higher efficiency

Benefits to Implement SOFC into Data Center as Primary Power

@ Deltaôs company
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Delta, a global leader in power management and a provider of IoT-based smart green solutions, 

inaugurated today Taiwan's 1st megawatt (MW)-grade R&D lab for water electrolysis hydrogen 
production and for fuel cells, the "Delta Net Zero Science Lab," at its Tainan Plant 2. This significant 

milestone provides a diverse testing environment for component and system validation of hydrogen 

production and fuel cell technologies. 

Delta Net Zero Science Lab
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Comparison of Solid Oxide Fuel Cell Types

TSOFC
(Tubular SOFC)

CS-SOFC and 

AS-SOFC

(Cathode-Supported SOFC, 

Anode-Supported SOFC)

ES-SOFC
(Electrolyte-Supported 

SOFC )

MS-SOFC
(Metal-Supported SOFC)
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Å Fuel corrosion

ÅSpecial materials treatment 

and design

Å higher internal resistance

Å lower efficiency

Å relatively low structural 

strength

ÅEnhance structural strength

ÅResistance to thermal stress.

ÅElectrode thickness

ÅBetter thermal conductivity

ÅSimplify the battery structure.

ÅBetter long-term stability

Å Longer startup time

ÅSpecial structure and 

materials

Å The current density of CS-

SOFC is lower than that of 

AS-SOFC.

Å Lowering the internal 

resistance

Å Lower temperatures 

ÅComplex manufacturing 

processes

ÅHigher costs

ÅHigher internal resistance

Å Lower efficiency.

ÅGood sealing

ÅMore robust and stable 

structure

ÅStronger thermal cycling 

capability

ÅSOFC have advantages such as high energy efficiency, fuel flexibility , and low environmental impact.
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EmergingMS-SOFC designsoffer severalimportantadvantagesover traditionaldesigns,including

lower-to-mediumoperatingtemperatures,enhancedthermalresponsecapabilities,andshorterstartup

times.

They are thus consideredto have significant commercialpotential. However, their performance

underdifferentfuel conditionsis not yet clear.

1. Accordingly, in recent research, stack model simulations were performedto investigatethe

currentdensity,voltage,temperaturedistribution,andfuel cell fractionsin a typical MS-SOFC

designoperatedwith either pure hydrogenfuel or mixed fuel with various water-to-carbon

ratios (S/C) andmethanevaporreformingreactionrates.

2. The purposeof the simulations was to establishthe operatingparametersthat optimized the

currentdensityandoverallperformanceof theMS-SOFCunderlow-temperature conditions of

600ᴈ.
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SOFCSystem

1.Source 2. Heat Exchanger

3. Steam Methane Reformer

4. Afterburner

5. Metal-Supported 

Solid Oxide Fuel Cell 
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MS-SOFC

Mass balances

1. Fuel Channel

2. Air Channel

3. Chemical Reaction

Electrochemical

1. Nernst equation

2. OhmicOverpotential

3. Concentration Polarization

4. Activation loss

Energy balances

1. Fuel Channel

2. Air Channel

3. PEN structure

4. Interconnect

Other components

Equilibrium reactor

Energy balance

Mass balance

Energy balance

Mass balance

Ideal gas law

Peng-RobinsonEquation of 

State (PR-EOS)

Source
Reformer

Afterburner

Heater

Heat Exchanger
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Mass balances
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Energy balances

1. Fuel Channel

2. Air Channel
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Other components
Steam Methane Reformer and Afterburner

Equilibrium reactor: General chemical reaction formula:ὥὃ ὦὄᵵ ὧὅ ὨὈ
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Other components
Source

ὤ Ὑ Ὕ ὴ ὺ

Z=1, ideal gas

Z 1, Peng-Robinson Equation of State, PR-EOS
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Å Z = Compressibility factor

Å = Non-ideal quadratic correction parameters

Å ὠ= molar volume of gas

Å Ὕ= Critical Temperature

Å ὖ= Critical Pressure

Steam Methane Reformer and Afterburner
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Other components
Heater and Heat Exchanger
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Solution steps:
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Final verification and judgment
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3. Simulink Modeling

Framework of MS-SOFC system simulations using finite difference method
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Finite difference methods

1. Convection equation

2. Diffusion equation

Å Mass balances of Fuel channel

Å Mass balances of Air channel

Å Energy balance of Fuel channel

Å Energy balance of Air channel

Å Energy balance of PEN structure

Å Energy balance of Interconnect
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Finite difference methods
MS-SOFC
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Finite Finite Difference approximations
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Model code

1. Parameter setting

2. Zero matrix 
3. Initial value setting

4. Calculate value iteration

5. Calculated value output Self-written program code
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Simulink Modeling
MS-SOFC

Energy balances
ÅAnode

ÅCathode

ÅPEN structure

Å Interconnect

Electrochemical

Mass balance of Anode

Mass balance of 

Cathode
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MS-SOFC system assembly

1. Source

2. Steam Methane Reformer

3. Afterburner

4. Heat 

Exchanger

5. Heater

6. MS-SOFC

7. Mixed (Recovery Gas)


