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3The Changing H2 Landscape in Refineries

• H2 demand and purity requirements are increasing

• Conventional systems lose value in complex gas 

networks

• Energy efficiency and carbon pressure are rising

• Refineries need smarter separation & recovery 

solutions
Tüpraş İzmit Refinery



4Who is Speaking?

• Electrochemistry Senior Researcher at Tüpraş R&D

• Background in the field of electrochemistry

• Working on H2 production technologies mainly electrolyzers & refinery integration

• Technical contributor to the HERMES project

• Focus on industrial deployment of new technologies



5About Tüpraş
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49%

51%

Its total share in the Turkish fuel 

products market is 48%.

30%

70%

Tüpraş owns 70% of 

Türkiye's current refining 

capacity

47%

53%

Tüpraş is Türkiye's largest 

industrial company with 

the added value and 

turnover it creates..

About Tüpraş

Tüpraş has 53% of Türkiye's current 

storage capacity.

.
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IZMIT REFINERY 
Capacity: 11.3 million 
tonnes/year Nelson 
Complexity: 14.5 Storage 
Capacity: 3.0 million m3

KIRIKKALE REFINERY 
Capacity: 5.4 million 
tonnes/year Nelson 
Complexity: 6.32 Storage 
Capacity: 1.3 million m3

IZMIR REFINERY 
Capacity: 11.9 million
tonnes/year Nelson 
Complexity: 7.66 Storage 
Capacity: 2.3 million m3

BATMAN REFINERY 
Capacity: 1.4 million 
tons/year Nelson Complexity: 
1.83 Storage Capacity: 299 
thousand m3

Our Refineries
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Ditaş
Turkey's Largest Maritime Tanker Fleet

Opet
Turkey's Favorite Brand in Fuel
Distribution

Entek
Supporting Zero-Carbon Electricity with 
Entek

Körfez Ulaştırma
The First Private Train Operation Company

Tüpraş Trading Ltd.
We Deliver Our Products to Our Customers 
on Four Continents and in 15 Countries

Tüpraş Ventures
We Are Making Firm Advances in Venture 
Capital

Subsidiaries
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Sürdürülebilir 
Rafinaj

Sürdürülebilir ve karlı rafinaja yatırım
yapmak

Biyoyakıtlar

Türkiye’de sürdürülebilir havacılık yakıtı
Üretiminde lider olmak

Sıfır Karbonlu
Elektrik

Lider sıfır karbonlu elektrik üreticisi 
olmak

Yeşil Hidrojen

Hidrojende yeşil bir değer zinciri
oluşturmak

Strategic Transformation



10Why H2 Matters for a Refinery

• Refineries are major H2 consumers

• Product quality and environmental regulations require

more H2

• H2 availability directly affects throughput

• Purity impacts catalyst life and process efficiency

• H2 losses translate into cost and emissions

The European Clean Hydrogen Alliance Report- 2021



11The Challenge – Hydrogen is Never Ideal

• What do we actually have?

• Hydrocarbons
• H₂S
• CO₂
• CO
• CH₄ 
• N₂
• water vapor Schematic representation of a steam-reforming process.



12The Challenge – Hydrogen is Never Ideal

Why is this a problem?

• Catalyst poisoning

• Reduced hydrogen partial pressure

• Lower conversion efficiency

• Higher energy consumption

• Limited reuse potential



13Introducing HERMES

• European collaborative innovation project

• Focused on advanced hydrogen purification & recovery

• Combines membranes with process integration

• Designed for industrial refinery environments

• Aims to improve efficiency, flexibility and sustainability

HYDROGEN EFFICIENT PURIFICATION USING MEMBRANES IN INDUSTRIAL GAS STREAMS

Representation of HERMES main outcomes



14Introducing HERMES

HERMES partners



15Introducing HERMES

• Develop 2 prototypes 

• Test in (SNAM & TUPRAS) industrial locations 

• Separation of 100 kg/day of pure H2 from industrial

streams

• Pd and Carbon based membranes will be tested.

HYDROGEN EFFICIENT PURIFICATION USING MEMBRANES IN INDUSTRIAL GAS STREAMS

Representation of HERMES main outcomes



16Methodology



17Pilot Installation in a Real Refinery

 What makes refinery installation challenging?

• Limited space & brownfield conditions

• Integration with existing lines

• Safety requirements

• Operating continuity

• Utility availability

• Permit & approval procedures



18Pilot Installation in a Real Refinery

 What we will do in HERMES

• Tie-in engineering

• Modular skid approach

• Safety and hazard reviews

• Automation & control 

integration

• Commissioning strategy



19Demonstration

• Preparation of the appropriate infrastructure for the implementation of the prototype

• Start-up and operation of prototype for different applications in an industrial environment

• The prototype will be operated in order to obtain 100kg of H2 per day from the desulfurization unit 

line at TUPRAS



20Why H₂S Pretreatment is Mandatory

• Acidic, toxic and flammable gas

• Characteristic rotten egg at low concentration

• Originates from sulfur compounds in crude oil and conversion 

processes

• Strong interaction with metals, catalysts and separation materials

• Lead to corrosion, sulfidation and performance degradation

• Hazardous to personnel; requires dedicated detection and mitigation 

systems

• >100 ppm = DEATH 



21Desulfurization Process

• Sulfur Recycling:

• Claus, SuperClaus, and EuroClaus processes recycle sulfur industrially

• Claus process loses H2 from natural gas and emits CO2 and SO2

• Absorption Process:

• Absorber towers use DEA solutions to remove H2S from gas

• Gas and liquid contact in columns, absorbing H2S and CO

• Desulfurization Process & Sulfur Conversion

• Separates S, N2, O2 compounds using a suitable catalyst in a H2 -rich gas environment.

• Claus process converts H2S into elemental sulfur and water.

• H2 from natural gas is ultimately converted into water and lost.

• Main purpose: produce kerosene and diesel with minimal sulfur content.



22Desulfurizer Unit & Composition Information

• Flow streams contain less than 20% H2 but have high H2S content

• If Prototype  is tested with Pd-based membranes, H2 must be separated from toxic H2S gas

• Due to high H2S sensitivity of Pd-based membranes, pretreatment is required

• An H2S removal unit will be installed to ensure efficient operation of the H2 separation unit

• Post H2S removal and separation of other contaminants, the amount of clean hydrogen for 

refinery processes will increase, improving operational efficiency



23Pd & CMS Membrane Technologies - Functional Comparison for 
Refinery Applications

Palladium Membranes

• Extremely high H₂ selectivity 

• Enables ultra-high purity product streams

• Operates typically in 300–550 °C range

• Can tolerate high pressures (up to ~120 bar, design 
dependent)

• Sensitive to sulfur (H2S) compounds → requires eƯective 
pretreatment

• Ideal for polishing and high-purity demands Palladium Membranes



24Pd & CMS Membrane Technologies - Functional Comparison for 
Refinery Applications

Carbon Moleculer Sieves

• Porous carbon structure enabling molecular discrimination

• Wider operating window: cryogenic to high temperatures

• Mechanically robust and cost-effective

• More tolerant to contaminants such as H₂S

• Suitable for bulk upgrading and large flow applications

• High hydrogen enrichment achievable
CMS membranes



25How Refineries Produce Hydrogen

• Natural gas reacts with steam at high
temperature

• Reforming reactor produces H₂ -rich syngas

• Main components: H₂, CO, CO₂, residual
methane

• Water-gas shift converts CO → CO₂ to increase H₂ 
yield

• Downstream purification upgrades H₂ to required
quality

• Remaining gases are routed to fuel or recovery
systems Simplified process flow diagram of 

steam methane reforming
CH₄ + H₂O → CO + 3H₂
CO + H₂O → CO₂ + H₂



26H₂ Separation in Refineries – PSA system

• Commercially mature and widely 

used

• Removes CO₂, CO, CH₄, H₂S and 

other impurities

• Delivers very high hydrogen purity 

(up to ~99.9%)

• Provides continuous and reliable 

operation

• Multi-bed cyclic systemSchematic diagram of a typical Pressure Swing 
Adsorption (PSA) system



27PSA vs HERMES

HERMESPSAParameter

99%+Very high (up to 99.9%)Hydrogen purity

90%+Typically 70–85%Hydrogen recovery

ContinuousCyclicOperation mode

LowerHigher (pressure swings)Energy demand

ReducedSignificant in tail gasHydrogen losses

Modular & flexibleMature but rigidIntegration

Lower routine interventionAdsorbent replacementMaintenance

Supports emission reductionIndirectly higher
High (due to SMR reliance)

Carbon impact

‘’PSA maximizes purity; HERMES aims to maximize value.”



28Impact on a Real Refinery

• Better hydrogen balance

• Reduced make-up hydrogen demand

• Lower load on SMR / production units

• Less fuel gas losses

• Potential reduction in flaring

• Improved asset utilization

• Supports decarbonization targets



29Beyond Technology – Strategic Gain

• Accelerates industrial innovation

• Bridges R&D and real operation

• Supports EU decarbonization goals

• Increases technological know-how

• Scalable & replicable concept

• Strengthens competitiveness



30Key Takeaway

HERMES is not only about purification.

It is about smarter H2 management for the industry of the future.

“The future refinery will not waste hydrogen , it will 
manage it.”
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