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Innovative Solution: = =

Tapping 4 times more energy from Acid Gases
Unique, Valuable, Proven

Sagar Shukla
Haldor Topsoe




How we proceed

A What can we do differently with H2S

A Where it fits best from Indian perspective
A About the process

A Future of Acid Gas Management
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Haldor Topsoe
In brief

A Market leader in heterogeneous catalysis for
the refining and chemical industries for more
than 75 years.

A 2,200 employees in 13 countries.

A Headquarters in Copenhagen, Denmark.
2018 revenue

A Production in Frederikssund, Denmark, and DKK 5.617m
Houston, US. (~USD 890m)
A Spends around 9% of revenue on R&D.
A Established in 1940 by Dr. Haldor Topsge. 2018 operating
o profit DKK 708m
A Owned by the Topsge family via Haldor (~USD 110m)

Topsge Holding A/S (70%) and Temasek (30%).
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Concerns for Indian Subcontinent

A India is net Energy deficit
A India is net Sulfuric acid deficit
A India is struggling on rising Pollution Concerns Refinery & Fertilizer Hubs

+ |OCL Haldia
* Tata Chemicals

| | = 10CL Paradip
K * PPL/IFFCO

HPCL
Coromondal
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Some Other Facts: .
AMaximum of Indian Refining and Phosphatic Fertilizer |- &« "

Production happens in Refinery-Fertilizer hubs

A Refiner use HC to produce HP Steam

A Fertilizer Plant use either Sulfur from Refinery or Import
Sulfuric Acid for Phosphatic Fertilizer production

BPCL ||
FACT

-
-
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Can there be a better way:

AWhere Refiner produce Energy from Waste
A Fertilizer gets cheap raw material
AOverall pollution in the region reduces?
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The Process Principal: SRU vs Sulfuric Acid Solution

Value from Waste?

Tapping four times more energy from Acid Gases compared to that from SRU
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Refinery & Fertilizer Hubs
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Claus with conventional tail gas treatment

Main disadvantages 09.9 %

- Relatively high capital and operating costs S removal

- High CO, footprint

-  Ammonia is problematic
H,S gas recycle

Hydrogen

@ Claus @
H,S gas Claus tailgas | Amine based tail L
_ treatment Incineration
95 % conversion S

l Steam ‘ Steam

% of sulfur feed
@ Sulfur ‘ 0 Of suli
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WSA
Can also treat NH3

99.9 %
S removal

H,S gas { WSA @

99.9 % conversion

!
Sulfuric acid @
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How this will look in hubs
Old way vs New way
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Sulfuric aci

Sulfuric
acid tank

Sulfuric
acid

AQ Sulfuric Acid
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Wet gas Sulfuric Acid
A process for purification of sulfur containing streams under production of
concentrated sulfuric acid

AYwWi t hout wuse of
or other additives

Spent H,SO, ™\

Molten sulfur AYwi t hout drying

H,S gas AYwi t hout genera
waste acid
SO, gas AYwi th high ener

J

efficiency and low OPEX.
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Walkthrough of the WSA process H,S Emmss > SO, B> SO, > o20 s>y

Three simple steps | e
Step 1 Step 2 Step 3
Incineration Conversion Condensation
Steam Steam
Heat integration [l Cleaned
gas
_ + SO, gas SO, gas
Acid Gas - 400°C SO 280-290°C Acid
—([NCINErAtiON —  e—— ¥ —————— : —
conversion condensation
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Reaction:
Reaction: Hydrogen soLve | SO, +H,0, Y 80,
. peroxide - —
WSA process lay-out NO + NH, + % O, ¥ %
3 H,O, dosing
N, + 1% H,O + heat pump
|
1 Stack
Dilute | Dilute acid ; 2 Clean gas
i um
Product acid || pump cean tz)jllé)wer
p - ea
steam I 1 Hot air blower Cooling water, coolerg
. I 2=\
) | </ f
Combustion 1 Condensation:
air N Filter SO, converter Cooling air S
- blower H,SO0,(g) Y
% VVY
BFW : . | H,SO, (lig) + heat
Steam dru@ 4—@_< Air | T2>>4 (lig)
. -
-
BFW 0l mie | reantar! LT
preheater Interbed - -
Fuel gas cooler - N
---------- +| T WSA Dry air unit
Molten sulfur Sy L T condenser N
[ Alr /7 < Interbed P Al
] 4 preheater ys VS cooler
Spent acid Comblstor WHB | 7 R
A ‘ / P |SAC L j
L . 7 Process <
Atomization air “ ,/ /7 7 <\ gas cooler 5 Product sulfuric acid
/7 7 " - v
Ammonia \ ,//// Acid cooling
\ //’ , system
\ /// 7/
Reactions: 4
&
H,SO,+ heat,+H,05® 0, Reaction:

S+0,Y S.,3 heat

Reaction:
SO,+%0,Y S & heat"(°|'SO; +H,0 Y ,S8, + heat

Cooling water




WSA plant

|

i

i

il

HALDOR TOorsoE (M

13



Case Study: The Project Summary - Case Study
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Cons

BFW 70[tph
Cw 225 m3/hr
Power 3000kwh/h

kg/hr
Feed H2S NH3 H20
Mol wt 34 17] 18
ARU Acic 7449 48 126
SWS1 1974 O 110
SWS 2 31 1114 547
Total 9454 1161 783

WSA Plant: TIC 40 Meuro
Space Required: 60X65 m2
Sulfur removal: 99.9%

L

Zero Waste

Product tpd specs
HP Stearl650 48 barg, 425 degC
H2S04 |670 98.00%
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Production Figures

Unit Price
UOM | (INR) WSA (Prod/Cons) Claus + TGTU
INR perday |lIpa perday |lIpa

Production

Sulfuric AcidMT 1500.G 670 3467

HP Steam [MT 2700.0 1650 1537Q

MP Steam (IMT 1800.0 413 2562
Sulfur MT 6000.0 218 4507
Sales 188371 7069
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Consumption & Operating Profit Figures

Unit Price
UOM (INR) WSA (Prod/Cons) Claus + TGTU
INR perday [lpa perday |[lpa

Cons

Fuel Gas [MT 35000.0 / 898
BFW MT 23.0 1680 133 421, 33
MP Steam (fMT 1800.0 103 640|
CW MT 2.0 6480 45

Power kwh 8.0 72000 1987 50400 1391
Cost of Salefs 2165 2963
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