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shift
catalyst

Introducing the new KATALCO ™ 71-5F
high temperature shift (HTS) catalyst with an
optimized shape for increased performance.
When installed, KATALCO,,, 71-5F offers the
following benefits across the HTS bed:

= |Lower pressure drop
» |ncreased strength
= |ncreased voidage

= Low COslip

Please contact us to find out more.

Katalco.

Activate your potential

UK Tel +44 (0)1642 553601
US Tel +1 630 268 6300

www,jmprotech.com
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Editorial

The issue is
getting the
ammonia back
to hydrogen and
nitrogen on a
large scale.

s you'll see from our news story on page 14,

there is once again talk of using ammonia as

a way of transporting hydrogen, and hence
energy — this time solar energy ‘harvested’ in the
northern deserts of Australia. The use of ammonia
as an energy carrier has been a ‘hardy perennial’
story during my tenure as editor of Nitrogen+Syngas,
recurring every few years or so — most recently in
2013. Sometimes it has even been proposed as
a fuel for direct combustion — proponents tend to
be attracted by the prospect of a vehicle fuel which
burns to form only water and nitrogen, although
combustion conditions have to be very carefully
controlled to avoid producing nitrogen oxides, and
ammonia does not burn anywhere near as readily
or with as much intensity as other competing vehi-
cle fuels. Other proposals have talked about using
ammonia in fuel cell vehicles, avoiding the nitrogen
oxide issues but complicating matters in other ways,
as few fuel cells can work directly on ammonia, and
so would require it to be ‘cracked’ back to hydrogen
and nitrogen in the vehicle, using ammonia in effect
purely as a hydrogen carrier.

The problems with large scale use of ammonia
by the general public are of course manifold, and
mainly revolve around its storage, transport and han-
dling. It must be transported as a liquid to achieve
any kind of energy density, and this requires keeping
it below -33°C, increasing costs. It is also corrosive
when in the presence of water, and it is an irritant
in low concentrations and poisonous in large con-
centrations. For this reason, the idea of filling up a
vehicle — even a fuel cell vehicle — with ammonia at
a gas station seems to be too big a hurdle to cross.

But the current proposal is taking a slightly more
sensible approach, using the existing large scale
global ammonia distribution infrastructure to use
ammonia as a way of transporting hydrogen over
long distances, allowing remote areas where renew-
able energy is readily available to be linked to cen-
tres of demand. The problem with hydrogen, and
hence the ‘hydrogen economy’, is that it is almost
impossible to liquefy (its boiling point is only 20

www.nitrogenandsyngas.com
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degrees above absolute zero), and so it must be
transported as the lightest and least dense gas that
exists, meaning huge volumes are required to con-
tain it, even in compressed form. Other ideas for
ways of transporting and storing hydrogen try to bind
it to other elements, but metal hydride systems are
less than 2% hydrogen by weight. Ammonia is 17%
hydrogen by weight, and thus offers a potentially far
more efficient way of transporting it.

The issue is getting the ammonia back to hydro-
gen and nitrogen on a large scale, and this is where
Australia’s Commonwealth Scientific and Industrial
Research Organisation (CSIRO) has been putting
its research effort. The plan is a scaled up version
of the semi-permeable membrane which was used
in ammonia fuel cell vehicles, allowing hydrogen to
pass but keeping ammonia in, coupled with a cata-
lytic coating which drives the ammonia to hydrogen
decomposition.

At the moment it is of course very early days,
and as chemical engineers will know all too well, the
devil can be in the details when it comes to scaling
up from laboratory scale experiments to industrial
scale facilities. Nevertheless, the use of ammonia
as a ‘bridge’ between renewable electricity produc-
tion and hydrogen consuming urban centres sounds
at least on paper far more plausible than any other
| have yet seen for the ‘hydrogen economy’. [ |

Richard Hands, Editor
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Koch Agronomic Services is breaking new ground in the growing enhanced efficiency
fertilizer market with N-TEGRATION™ Technology, an innovative platform now available
for licensing to qualified fertilizer manufacturers. With N-TEGRATION™ Technology,
fertilizer producers can integrate specifically engineered additives into prilled or granular
urea to create a differentiated product — one that can demand a higher premium in the
marketplace while addressing the growing industry need for nitrogen loss prevention.
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N-TEGRATION™ and the N-TEGRATION Logo are trademarks of Koch Agronomic Services, LLC in the United States and may be registered in certain jurisdictions.

marketed by Koch Fertilizer International Limited and its distributors pursuant to authorized licenses.
© 2017 Koch Agronomic Services, LLC.
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Price trends

MARKET INSIGHT

Laura Cross, Senior Analyst, Integer Research, assesses price trends
and the market outlook for nitrogen.

NITROGEN

Falling domestic urea sales in India over the
last 18 months reduced Indian urea imports
from 10.0 million tonnes in 2015 to just
under 7.0 million tonnes in 2016. This fig-
ure looks set to fall further for the full year
2017. Annualised data for the year-to-April
shows that the import requirement has col-
lapsed to just 5.0 million tonnes, present-
ing a stunning reversal of India’s role as the
world’s largest urea import market.

What has driven this collapse in Indian
urea sales? The government has loudly
proclaimed that its switch to 100% produc-
tion of neem-coated urea in 2015 has been
a driver of this sales reduction, through
greater use efficiency. However, we believe
that a more likely reason for the fall in sales
is that the record imports in 2015 merged
with poor monsoons that lowered farm-level
consumption, allowing significant invento-
ries to build up throughout the supply chain.
This carried inventory continues to overhang
real consumption, limiting sales activity
amongst co-ops and wholesalers.

Indian production appears relatively
stable at just under 24.5 million t/a, so
consumption will be the key decider this
year. Integer assumes that annual sales
will be flat at around 30.0 million tonnes.
Accounting for volumes already secured

Table 1: Price indications

in the three tenders so far this year, and
assuming stable production from Omifco,
it looks like the government only needs
to secure around another 1.5-1.6 million
tonnes of urea this year.

The major demand-side risk to this
outlook is that record grain production in
2016/17 has destocked the supply chain
more than we are anticipating (the data
does not indicate this). While on the supply-
side, the uncommissioned (but mechani-
cally complete) Matix plant remains a
concern; its 1.4 million t/a capacity could
lower imports by around 500,000 tonnes
this year if it were to start this summer.

Looking to the urea price setter, ambi-
tious coal mining capacity rationalisation
measures are underway in China. The
country has already eliminated around 560
million tonnes of coal capacity and closed
7,250 coal mines in 2011-2015. In 2016,
China removed 290 million t/a of coal capac-
ity and is expecting to close 150 million t/a
in 2017. The Chinese National Development
and Reform Commission says it plans to
close around 4,300 coal mines, remove out-
dated capacity totalling 50 million t/a and
redeploy around 1 million workers by 2019.

Government measures introduced to the
coal sector in 2016 to deal with the struc-
tural overcapacity in coal production led
to a recovery in coal prices in the second

half of the year, with prices having fallen
almost uninterrupted prior to this. The pri-
mary measure put in place to shorten the
market was a directive to reduce the num-
ber of days per year that coal mines can
operate, from 330 to 276, driving up the
price of coking coal in particular.

The increase in coal costs squeezed
coal-based nitrogen producer margins, lead-
ing operators to further idle capacity, and
effectively raised the urea export price floor.
However, following the removal of the coal
production day limits — implemented when
the rapid increase in coal prices was deemed
to have put too much pressure on consum-
ers — coal prices began to flatten out. This
reinforces the view that the Chinese govern-
ment will continue to exercise its power to
intervene in the market, although this effect
has become less influential.

With a more rational approach, the Chi-
nese coal market is forecast to become
increasingly driven by production econom-
ics, and in turn prices are expected to
become more closely aligned with inter-
national levels, providing the government
stays on the path towards exposing com-
modity industries to market forces.

Another area of interest on the supply
side is the changing competitiveness of
European nitrogen producers. These pro-
ducers have traditionally been among the
highest cost globally, however gas prices
to industry in Europe have been overhauled
since 2015 due to the collapse in oil prices
coupled with increased LNG supply in Europe
and reduced state intervention in energy pric-
ing. Recent developments suggest that there
could be further shifts away from oil-indexa-
tion in Europe, which would make the market
far more competitive both in terms of gas

Cash equivalent mid-Mar mid-Jan mid-Nov

Ammonia ($/t)

f.0.b. Caribbean 285 295
f.o.b. Arab Gulf 295 350
c.fr N.W. Europe 325 365
c.fr India 340 360

Urea ($/1)

f.0.b. bulk Black Sea 175 237
f.o.b. bulk Arab Gulf* 176 211
f.o0.b. bulk Caribbean (granular) 210 218
f.o.b. bagged China 210 231

DAP ($/t)
f.0.b. bulk US Gulf

UAN (€/tonne)
f.o.t. ex-tank Rouen, 30%N 157 169 145

mid-May price and nitrogen production costs.

In March, Russian gas giant Gazprom
agreed to a draft compromise with the EU to
end an investigation into alleged abuse of
market power in Eastern Europe, beginning
a seven-week feedback window before any
finalisation begins. The agreement would
219 allow for the company to resolve the ongoing
238 investigation without incurring a fine.

213 The biggest impact of the proposed
deal would be to link contracted gas prices
to benchmark natural gas hubs in Western
Europe, effectively stopping the existing
structure of oil-indexing in Bulgaria, Esto-
nia, Latvia, Lithuania and Poland. This will
allow customers in these regions to have
more frequent and effective price reviews
and allow gas pricing to based more
closely on gas-on-gas competition. [ |

215 175
195-221 175
345 245
230 187

251
260
243
265 236

355 375 329 323

Notes: n.a. price not available at time of going to press

n.m. no market  * high-end granular Source: Fertilizer Week
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PRICE TRENDS

Mike Nash, Global Business Director, IHS Chemical,

.Lh assesses the market for methanol.
r S

METHANOL

The official, posted reference prices from
the two main US producers for June were
$1.16/gal for Methanex (a decrease
of 7 cents from May) and $1.11/gal for
Southern Chemical Co. (down 6 cents
from); equivalent to $386 and $369/t
respectively. Month-on-month weighted
average spot prices in the US Gulf for May
increased by 2.5 cents/gallon from April
to $0.915/gal ($304/t). IHS Chemical's
contract net transaction price for June was
officially posted at $1.137/gal ($378/1).

In the Americas, Methanex’s 840,000
t/a Chilean unit is estimated to have run
at an increased level of around 76% of
capacity in May. Methanex has secured
additional natural gas supply through
April of 2018 via a tolling agreement with
Argentina. On the demand side, the MMA
market remained extremely snug following
an unexpected outage last year and turna-
rounds and an unplanned outage this year.
MTBE units ran steadily, but biodiesel
demand in the US remained near two year
lows with a great deal of uncertainty due
to policies around tax incentives as well
as pressure from South American imports.
The site-wide outage at Celanese’s Clear
Lake facility continued into May, reducing
methanol demand into acetic acid.

Liquidity improved in the European mar-
ket in the second half of May. Rhine water
levels at Kaub decreased from around 2.1
m at the beginning of May to around 1.65
m by the end of May; at this level, barges
had to be short-loaded, increasing unit
transport costs. Formaldehyde demand
was steady, with operating rates estimated
at 90-95% across Europe, supported by
summer demand for resins. Biodiesel pro-
duction was around 60% of capacity; low
oil prices have resulted in some margin
erosion for some alternative/renewable
fuels. Acetic acid demand was stable.

On the supply side, Zagros in Iran
experienced a short outage in early May.
In Saudi Arabia, Ar Razi V was offline all
month for a planned maintenance outage.
AzMeCo in Azerbaijan restarted in April and
was offering methanol for export, and in
Russia, Eurochem’s Nevinnomyssk facility
re-started in early May after a turnaround

JULY-AUGUST 2017

on its methanol and acetic acid units.
European spot prices (T2 f.0.b. Rotterdam)
for May averaged €278/t over the month,
down €30 over April. Methanex posted its
2Q 2017 West European Contract Price at
€450/1, f.0.b. Rotterdam T2, up €80 on
the previous quarter. The 2Q 2017 West
European Contract Price was settled at
€405/t f.0.b. Rotterdam T2, up €50/t from
1Q 2017. The ongoing suspension of duty
on methanol arriving into the EU imple-
mented by the European Commission is
likely to remain for the foreseeable future.

In India, port prices started the month at
an average of $250/t c.fr T1 and finished
the month $17.50 lower at $232.50/t;
domestic prices decreased from 20.5 Rs/
kg to 17.75 Rs/kg during the month, as
Indian prices reacted to lower China prices
and good supply from Iran.

Asian prices in May traded down in an
average range of $273-289/1, c.fr; China
average prices fell $30/t in a range of
$261-270/t c.fr. Methanex’s posted APCP
for June is $320/t, a decrease of $40/t
from May.

In China, overall capacity utilisation
was higher at around 55% of nameplate
capacity, or around 71% of effective capac-
ity. Shaanxi Yulin Natural Gas Chemi-
cal’s natural gas-based unit and Boyuan
Unichem remained offline for the whole
month. Kingboard/CNOOC’s no. 1 unit
restarted in mid-May after a turnaround;
the company’s no. 2 unit is expected to go
down for maintenance soon.

Methanol consumption into the MTO
sector increased in May after the re-start of
Jiangsu Sailboat’s MTO facility (consuming
2.3 million t/a of methanol), although the
company’s methanol inventory is thought to
be sufficient to support MTO production for
a further month. The entire facility of Shan-
dong Yangmei Hengtong shut down on 7
May for a 3-week turnaround and the MTO
section of Fund Energy Changzhou remains
offline, with no re-start date yet announced,
although the facility’s polypropylene section
restarted in the second half of May with pur-
chased propylene. Overall, MTO units ran
at an average of around 79% in May. For-
maldehyde in China weakened slightly, as
the arrival of the summer season impacted
demand into man-made boards. [ |

www.nitrogenandsyngas.com 7
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Market outlook

Historical price trends $/tonne

Methanol (Methanex, N. America)
@® Ammonia (fob Caribbean)
® Urea prilled (fob Yuzhnyy)

,l

0

2005 2006 2007 2008

Source: BCInsight

AMMONIA

Ammonia prices have continued their
downward trend into June, due to the
usual fall in seasonal demand at this
time of year.

The late settlement of the Tampa con-
tract price was indicative of the con-
fused sentiment in the market, with
negotiations taking longer than usual
due to differing opinions between the
key parties of the scale of the price
decrease.

The final agreement on the Tampa
price for June was US$260/tonne c.fr,
a noteworthy reduction of $65/tonne
from the May contract price.

In Yuzhny, OPZ is understood to have
decided to focus on domestic com-
mitments only for the month of June,
meaning no ammonia or urea will load
at Yuzhnyy for export.

Middle Eastern producers have ample
availability through June, however, there
is limited demand on the horizon for
spot business.

www.nitrogenandsyngas.com
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® Urea prices experienced an uptick in

May ahead of the IPL India tender for
500,000 tonnes of urea, however price
ideas soon weakened as the demand
shortfall grows wider for June and July.
India’s import requirements have been
falling steadily over the past couple of
years, due to poor weather conditions
and the move to neem-coated urea.

In China, operating rates for urea plants
were reported to be higher, at around
56-58% going into June, following the
closure of several loss-making plants,
as well as reduced output at some mar-
ginal plants.

Given the low operating rates and
high local prices, traders have begun
exploring whether there are opportuni-
ties to import urea cargoes into China,
although this seems unlikely.

The price difference between Chinese
domestic and global prices would need
to be at least $40/tonne for this to be
workable.

JULY-AUGUST 2017

2014 2015 2016 2017

METHANOL

® The buoyant MTO sector in China con-
tinues to support demand there, aided
by the re-start of the 2.3 million t/a
(in terms of methanol consumption)
Jiangsu Sailboat facility, offsetting
weaker summer demand into formal-
dehyde markets. However, there is still
no re-start in sight as yet for the Fund
Energy MTO plant, which has been shut
down since December 2016. Overall
ample stocks and supply, including
higher domestic production, have kept
prices lower. China’s methanol imports
were reported to be up 5% year on year
in June.
European demand is at its peak in 2Q
2017, and prices seem more stable
after the rollercoaster ride of the first
part of the year, although falling Chi-
nese prices have fed through into con-
tract price discussions.
US prices seem balanced, with some out-
ages and seasonal demand increases
helping stabilise prices. [ |
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SK-501 Flex™ high temperature shift catalyst

Rewrite the rules

It used to be that your HTS catalyst determined how low you could
take your S/C ratio. Now, those days are over.

Offering complete S/C flexibility, SK-501 Flex™ dramatically
expands your window of operation. Whether you want to boost
your production or save on energy and feedstock, the SK-501
Flex™ will do the job for you.

Other great benefits include minimal by-product
formation, REACH compliance, and - in an
industry first — zero chromium.

No more rules, no more limitations. Only optimal
performance under any condition.

Learn about your new opportunities:

Scan the code or go to
www.topsoe.com/youreincharge

Nrww.topsae.com HALDOR TOPSOE H

. JULY-AUGUST 2017 InSig ht


http://www.bcinsight.com

Nitrogen Industry News

POLAND

New nitric acid plant for Grupa Azoty

Grupa Azoty Putawy has signed a con-
tract with thyssenkrupp Industrial Solu-
tions AG to licence nitric acid production
technology, including the delivery of pro-
cess documentation and key equipment,
and supervision of plant installation and
start-up. Grupa Azoty says that the new
nitric acid unit is a key element of the
company’s strategy to develop its ferti-
lizer production, which also covers the
construction of new neutralisation and
fertilizer production units. The company’s
existing four nitric acid production lines
will also be modernised as part of the
$190 million plan. As well as increas-
ing nitric acid production scale and
efficiency, the project will also improve
the efficiency of downstream nitric acid-
based fertilizer production. A part of the
output of the new (fifth) nitric acid unit
will be processed on a new line for the
production of speciality liquid and solid
fertilizers: magnesium nitrate, calcium

Clariant and Huntsman to merge

The boards of Clariant and Huntsman
Corporation have unanimously approved
a definitive agreement to combine in a
merger of equals through an all-stock
transaction. The merged company will be
named HuntsmanClariant. On a pro forma
2016 basis, the combination of both
companies will create a leading global
specialty chemical company with sales of
approximately $13.2 billion, an adjusted
EBITDA of $2.3 billion and a combined
value of approximately $20 billion at the
time of the announcement.

Clariant shareholders will own 52% of the
new company and Huntsman shareholders
48%. Huntsman shareholders will receive
1.2196 shares in HuntsmanClariant for
each Huntsman share, while Clariant shares
will be exchanged on a 1 for 1 basis. The
merged board will have equal representation
from both companies, and will be headquar-
tered in Pratteln, Switzerland.

The new company aims to create value
for shareholders “through a more robust
combination of technology, products and
talent”. The combined company expects
to realize more than $3.5 billion of value
creation from approximately $400 million

10 www.nitrogenandsyngas.com

nitrate and potassium nitrate, with a
target capacity of 600 t/d. Grupa Azoty
says it intends to invest more than $270
million into nitrate fertilizer production by
2021, including the construction of two
granulation plants. Over the next four
years the company will expand its prod-
uct range by six new fertilizers, which will
serve as the base for blended fertilizers
manufactured at the Dobre Miasto plant.

Jacek Janiszek, president of Grupa
Azoty Putawy said: “this is currently the
largest investment project under way in
the Grupa Azoty Group’s fertilizer seg-
ment and the Putawy plant’s largest in
more than a decade. The fertilizer seg-
ment is particularly important for the
entire Grupa Azoty Group as it generates
about 60% of its revenue. The steps that
Grupa Azoty Putawy is taking are to pre-
pare a base for the manufacture of mod-
ern fertilizers, thus filling the gap in our
offering,” he added. [ |

in annual cost synergies, to be achieved
within two years of the merger, which will
be realised by reducing operational costs
and improving procurement. The targeted
synergies represent roughly 3% percent
of total combined 2016 revenue with one-
time costs up to $500 million. There will
also be additional cash-tax savings.

“This is the perfect deal at the right
time. Clariant and Huntsman are joining
forces to gain much broader global reach,
create more sustained innovation power
and achieve new growth opportunities,”
said Hariolf Kottmann, CEO of Clariant.
“This is in the best interest of all of our
stakeholders. Peter Huntsman and | share
the same strategic vision and | look for-
ward to working with him.”

The transaction is targeted to close by
year end 2017, subject to Clariant and
Huntsman shareholder approvals, regula-
tory approvals etc.

Land sale approved for fertilizer plant

Longview City Council in Washington State
has approved a $1.78 million sale of 17
acres of city lands to Pacific Coast Ferti-
lizer LP, which is aiming to develop a $1
billion ammonia plant at the Mint Farm
Industrial Park. The company is also sep-
arately buying 36 acres of private land

JULY-AUGUST 2017

from PNW Recycling at Mint Farm. Pacific
Coast Fertilizer is a joint venture backed
by Texas-based Saturn-Ferrostaal Chemi-
cals LLC, Ferrostaal, Haldor Topsoe, and
Canada-based Pacific Fertilizer, and hopes
to have the plant up and running by 2021.
Saipem and local firm J. H. Kelly have been
slated to construct the facility, which will
tap into an existing natural gas pipeline
near the Mint Farm Industrial Park, which
connects to the main Northwest Williams
natural gas pipeline at Ostrander.

Total capacity for the plant has not yet
been divulged, but Pacific Coast says it
would ship the ammonia as liquid to agri-
cultural retailers throughout the Northwest
by truck and ships, as well as by pipeline
to nearby docks owned by Millennium Bulk
Terminals’ or Weyerhaeuser Co, and aims
to produce the equivalent of 11 semi-truck
loads of liquid fertilizer — which would
represent perhaps around 660 t/d or
220,000 t/a.

GERMANY

Shell and Sandvil launch sulphur
enhanced urea

Shell and Sandvik have launched a granu-
lated urea variant incorporating elemen-
tal sulphur fertilizer produced with Shell
Urea-ES technology, using Sandvik’s Roto-
form granulation system. The combined
technology was tested during a series of
continuous plant trials at Sandvik’s produc-
tivity centre in Fellbach (Germany). Shell’s
unique technology and the versatility of the
Sandvik equipment enables the production
of Shell Urea-ES granules containing up to
70% of finely dispersed elemental sulphur
in a urea matrix. The homogeneous Shell
Urea-ES emulsion is fed to the Sandvik
Rotoform unit and deposited in the form of
drops (diameter of 2-4 mm) across a steel
belt cooler. Water is sprayed against the
underside of the solid steel belt, ensuring
no cross-contamination either to product or
to water. As the product moves along the
steel belt, the liquid droplets are converted
into solid pastilles. The final solid product
is collected at the end of the belt and sent
to the downstream handling system (con-
veying, storage silo, bagging, etc.).

“We are pleased to collaborate with
Sandvik to granulate our new Shell Urea-ES
technology products on their robust Roto-
form equipment. With this success, more
and more fertilizer producers can granulate
our urea + elemental sulphur fertilizer to
potentially unlock better crop yields and
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improve soil health,” said Michael Lumley,
vice president of Shell Sulphur Solutions.
Shell has collaborated with key play-
ers in granulation technologies in order
to develop solutions for owners of small
to medium-sized granulation plants and
believes Sandvik’s standalone Rotoform
granulation equipment provides a fully fit
for purpose system to undertake product
diversification at fertilizer production sites.
“We believe specialty fertilizers are the
future, as they promise not only a win-win
situation for both farmers and fertilizer
producers, but also contribute to a bet-
ter environment through effective fertilizer
applications. Sandvik offers versatile Roto-
form system to manage various formula-
tions. Our collaboration with Shell for the
Urea Elemental Sulphur has been a reward-
ing partnership,” said Johan Sjégren, man-
aging director of Sandvik Process Systems

MOROCCO

Focus on Africa at IFA conference

The Moroccan Secretary of State to the
Minister of Agriculture, Hammou Ouhelli,
opened this year’s Annual Conference
of the International Fertilizer Association
with an emphasis on the important role
of nutrients for sustainable agricultural
development. Speaking to an audience
of over 1,300 representatives of compa-
nies throughout the fertilizer value chain
and other groups from over 75 countries,
he referring to the AAA initiative (Adapt-
ing African Agriculture) as a concrete and
innovative response to the challenges of
climate change, and praised the industry
by saying: “with your presence, here today,
in Marrakech, you are contributing to the
vision of a world without hunger.”

His remarks were followed by keynote
speeches from Sunny Verghese (CEO
of Olam), Christian Witt (senior program
officer on Soil Health at the Bill & Melinda
Gates Foundation), Rebbie Harawa (Head
of Soil and Fertilizer Systems at AGRA) and
Dyborn Chibonga (executive director at the
National Farmers’ Association of Malawi),
who addressed the opportunities and chal-
lenges for ensuring greater access to fer-
tilizers for African farmers, and the need
to ensure more crop- and site specific, bal-
anced and sustainable fertilizer application.

According to the UN FAO, sub-Saharan
Africa (SSA) alone is expected to experi-
ence a population growth of 180% until
2050, which will require an estimated
170% increase in food production. With an
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average fertilizer application rate of approx-
imately only 12 kg/ha in 2016 (compared
to 110 kg/ha in the rest of the world),
there is a vast opportunity to grow the
market. Indeed, IFADATA shows that SSA
is the region with the fastest growing ferti-
lizer demand: 17-18 kg/ha are expected to
be reached in 2021, with regional demand
expected to reach over 4.8 million t/a by
2021 (including South Africa) compared
to 3.3 million t/a in 2015. Although this
would bring the application rate to 17 kg/
ha within the next two years, it is still far
below the 50 kg/ha recommended by the
Abuja Conference in 2006: soil mining,
large yield gaps and wide-spread hunger
remain key problems for the continent.

The fertilizer industry, committed to
doing its part towards the implementation
of the Sustainable Development Goals,
focuses in particular on bringing the
goals of food security and climate change
together with market development objec-
tives. “While infrastructure, availability
and access are key prerequisites to drive
fertilizer consumption in SSA,” said Char-
lotte Hebebrand, Director General of IFA,
increased fertilizer application must entail
“the efficient and effective use of nutri-
ent inputs and be combined with good
agronomic practices to assure that higher
yields are not increasing environmental
impact and greenhouse gas emissions.”

This was also the key message of lbra-
him Thiaw, deputy executive director and
assistant secretary general at UN Environ-
ment, who, speaking to IFA members in a
video address, recognized the critical role
of fertilizers for the future of our planet, but
does not shy away from a strong call for
action on environmental stewardship. Mr
Thiaw acknowledged explicitly the already
existing good cooperation between IFA and
UN Environment and invited also IFA mem-
bers to reach out directly to UNEP.

KBR wins two more contracts for
EuroChem Kingisepp

KBR has been awarded an operator train-
ing simulator (OTS) and reliability based
maintenance (RBM) services contract by
JSC EuroChem Northwest for the ammo-
nia plant currently under construction in
Kingisepp. KBR says that the OTS will
provide a cost effective solution for train-
ing operators for safe and efficient plant
start-up and continued on-going opera-
tional training, while the RBM contract will
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enable proactive monitoring of assets and
formulation of appropriate reliability strate-
gies leading to continuous improvement of
performance, improved safety and higher
productivity. The new Kingisepp ammonia
plant has a design capacity of 2,890 t/d,
or 1.0 million t/a, and is being constructed
using KBR’s Purifier" ammonia technology.
“KBR is pleased to have the opportu-
nity to provide OTS and RBM for JSC Euro-
Chem Northwest,” said John Derbyshire,
president, KBR Technology and Consult-
ing. “KBR is committed to providing state-
of-the-art solutions for safe plant start-up
and operations and providing an environ-
ment to achieve preventative and predic-
tive maintenance activities of the ammonia
plant. “This project is indicative of KBR’s
strategic commitment to growing our pres-
ence in Russia,” Derbyshire continued.

Proposals sought for waste to urea
plant

Antwerp Port has put out a request for
proposals (RFP) for an additional inves-
tor to help develop an 88 hectare site at
the Churchill dock after a waste treatment
facility investor cancelled its option. Saudi
Arabian firm Energy Recovery Systems
(ERS) and the port mutually decided to
cancel ERS’s option on the Churchill site,
which it has held since May 2016, as ERS
had not reached the milestones imposed
by the Port Authority. However, ERS will
continue some development work on the
$4 billion waste-to-chemicals (WtC) plant
designed to produce ‘green’ ammonia and
urea, to be managed by a Belgian subsidi-
ary which is due to be set up and with new
emphasis on mitigating CO, from waste
and recycling.

The plant was the subject of an analysis
by consultancy PricewaterhouseCoopers
(PwC) at the request of the Port Authority,
based on the concept of the “circular econ-
omy” as it would use waste from other
industries as raw material for production.
PwC confirmed the intrinsic value of such
a circular economy project for the Port of
Antwerp, but also called attention to a
number of important conditions for it to be
successful, including clarity about the tech-
nical partners in the project, the financing
of the project, its technical feasibility, the
quality of the non-recyclable waste and
the impact on an existing waste process-
ing industry. The Port Authority therefore
decided to make the option dependent on
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these points being cleared up by establish-
ing deadlines, which were subsequently
not met.

New catalyst for small-scale
ammonia production

Ajinomoto, a Japanese food and chemi-
cal company, has formed a joint venture
— Tsubame BHB with partners includ-
ing the Tokyo Institute of Technology to
commercialise a new catalyst for small-
scale ammonia production. The catalyst,
described in a research paper as includ-
ing ruthenium nanoparticles deposited on
a calcium aluminate substrate, has been
developed by Dr Hideo Hosono of the
Tokyo Institute of Technology, and aims
to be effective at conversion to ammonia
at small scales using lower temperatures
and pressures than the conventional
Haber-Bosch process. Ajinomoto uses
small quantities of ammonia in amino acid
production. The project’s backers say that
they aim to install an ammonia demonstra-
tion facility at an Ajinomoto plant by 2021.

MALAYSIA

India approves investment in
Malaysian urea plant

The Indian cabinet has given its approval
to a $2.1 billion ammonia-urea facility to
be built in Malaysia. India and Malaysia
signed a memorandum of understanding
on the facility on April 1st this year as part
of a broad package of cooperation and
development agreements between the two
countries. The plant will produce 1.35 mil-
lion t/a of ammonia and 2.4 million t/a
of urea, and an off-take agreement will be
signed for a proportion of the output (yet
to be determined) to be shipped to India
to supply the Indian market. The Indian
government said that this would ensure
a consistent supply of urea and ammonia
to India at a lower price than available on
international markets.

Zuari Agro Chemicals approves revamp

The board of Zuari Agro Chemicals Ltd has
approved a $210 million revamp of its
ammonia-urea plant in Goa, making it more
energy efficient and increasing the produc-
tion of urea from 1,350 t/d to 1,800 t/d.
Specific energy consumption will fall from
6.67 Gcal/t to 5.39 Gcal/t. The revamp

12 www.nitrogenandsyngas.com

is expected to take around 25-30 months.
The 2015 New Urea Policy promulgated by
India’s Department of Fertilizers, mandates
that all ‘vintage’ plants must bring down
their energy consumption, and Zuari Agro
Chemicals’ plant falls into this ‘vintage’
category as defined by the Department of
Fertilizers. Zuari has a manufacturing facil-
ity at Goa, with four plants producing urea,
DAP and NPK-based fertilizers.

Tata Chemicals to sell urea business

to Yara

Tata Chemicals Ltd has agreed to sell its
urea business to Yara Fertilisers India Pri-
vate Ltd, the Indian arm of Norwegian fer-
tilizer firm Yara International AS, for $430
million. It forms part of a strategic plan by
Tata Chemicals to focus on higher margin
value-added products and nutritional sup-
plements to strengthen its “living essen-
tials” consumer segment and move away
from its fertilizers business.

“We are exiting the fertilizers business,
which has led to savings across the board,
including in interest income,” commented
managing director and chief executive R.
Mukundan. The deal is expected to be final-
ised over the next quarter, pending approval
from the Indian National Company Law Tri-
bunal. “With this, we will not be in the ferti-
lizer business in North India any longer. We
will remain in the Eastern regjon, in certain
markets, with the intent to maximise cash
generation,” Mukundan said.

Urea hag sizes cut in a bid to reduce

consumption

The Indian government is moving to a new
standard size for bags of urea, from the
present 50kg size down to a new stand-
ard of 45kg bags. The government hopes
that this will encourage farmers to use less
urea, helping to reduce the ever-increasing
subsidy budget, which has been set at 700
billion rupees ($11.2 billion) for the 2017-
18 financial year. This includes $2.2 billion
set aside for urea imports during the year.
The fertilizer ministry believes that the move
to smaller bags will result in farmers using
two bags weighing 90kg for one acre against
the current practice of using two 50kg bags,
which weigh 100 kg, and hopefully therefore
reduce consumption by up to 10%.

A recent analysis done by the agricul-
ture ministry has indicated that use of urea
per acre has already fallen by 4-6% since
the switch to 100% neem-coated urea. In
spite of this, and India’s record production
of 24.2 million t/a of urea in the 2016-17
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financial year, the country still needed to
import 8 million tonnes to meet domestic
demand. The government has also started
work on reviving closed urea manufacturing
plants to ramp up production by 2022 to
reduce imports.

BOLIVIA

Agreement on gas and urea sales

Bolivian Hydrocarbons Minister Luis
Sanchez has signed two memoranda with
the governors of the Brazilian states of
Mato Grosso and Mato Grosso do Sul for
gas and urea exports from Bolivia. The
signing, in the presence of Bolivian presi-
dent Evo Morales, would see the import
of 10-12 million cubic metres per day of
natural gas from 2019, when the existing
contract between Bolivia and Petrobras
expires. Brazil is also interested in securing
urea from the new plant being built at Bulo
Bulo in Bolivia. The 2,100 t/d (700,000
t/a) urea plant, owned by Bolivian state
petrochemical company Yacimientos
Petroliferos Fiscales de Bolivia (YPFB), is
due to start up in the next few months,
and has already secured off-take contracts
with Brazilian and Argentinian firms for up
to 80% of its production.

OPZ facing bankruptcy

Odessa Port Plant (OPZ) has had its appeal
against an arbitration ruling thrown out by
a local appeals court. The ruling paves the
way for Ostchem Holding, controlled by
Ukrainian gas and fertilizer mogul Dmitry
Firtash, to collect $193 million in debts
owed by state-owned OPZ to the Ostchem
Group, as was ruled previously by the Arbi-
tration Institute of the Stockholm Cham-
ber of Commerce. Dmytro Parfenenko,
acting head of Ukraine’s State Property
Fund (SPF), said that this would probably
mean the bankruptcy of OPZ. The govern-
ment has previous failed to privatise the
plant, as no buyers were interested in
taking on the company’s huge debts, not
to mention paying another $100 million
in costs for re-starting and modernising
plant operations. There is also another
potential legal case hanging over the com-
pany, courtesy of the Nortima company,
whose owner Ohor Kolomoisky claims that
it should have won a 2009 tender to buy
the plant for $600 million. OPZ has 17% of
Ukraine’s ammonium nitrate capacity and
19% of urea capacity. [ |
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We know our way
around engineering

Think about thousands of highly skilled
professionals operating in the oil & gas
processing, petrochemicals and fertilizer
industries: this is Maire Tecnimont Group,
a plant engineering leader dedicated to
providing consumers at the end of the value
chain with energy in its different forms.
We create value with innovative products
for a countless number of industrial
applications embedded in everyday life.

ﬂ Maire Tecnimont 30 COUNTRIES
Group 45 OPERATING COMPANIES

www.mairetecnimont.com
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Syngas News

Australia looking to export hydrogen as ammonia

Australia’s Commonwealth Scientific and Industrial Research
Organisation (CSIRO) has developed a metal membrane which it
hopes will be able to separate high purity hydrogen from ammo-
nia on an industrial scale, allowing for the transport of hydrogen
as ammonia. CSIRO principal research scientist Michael Dolan
says the technology, now being trialled on a small scale in Aus-
tralia, is “the missing link” allowing hydrogen to be transported
and used as an energy source. The membrane is a molecular
sieve which allows the passage of hydrogen but keeps out larger
molecules, coupled with a catalyst that catalyses the decompo-
sition of ammonia to hydrogen and nitrogen. The aim is to over-
come the inherent problem with transporting such a low density
gas as hydrogen over long distances. Coupled with renewable
energy based ammonia production, it could become an alterna-
tive energy carrier for the future, and there are hopes of trialling
the system during the 2020 Tokyo Olympics, which are aiming to

run entirely on hydrogen to showcase the “hydrogen society” of
the future, especially as Japan pivots away from its previous reli-
ance on nuclear energy in the wake of the Fukushima disaster.
However, the initial trial will produce only 5kg/day of hydrogen
from ammonia as proof of concept.

Yara is also forming part of the ammonia as an energy carrier
project, installing a 2.5 MW solar array at its Dampier ammo-
nia plant in sun-drenched Western Australia to generate 0.2 t/d
of hydrogen by electrolysis for ammonia production. This forms
only the first phase however, which would next be scaled up to
400MW of distributed solar generation, with high voltage hook-
up to a large electrolysis unit at Yara Pilbara Fertilizers, generat-
ing 32 t/d of hydrogen and 200 t/d (70,000 t/a) of ammonia.
Ultimately, several renewable ammonia plants based on solar
power would be built, exporting ammonia to Korea and Japan for
use in hydrogen vehicles.

Work begins on Assam methanol plant

State-owned Assam Petrochemicals Ltd
(APL) says that it has begun work on con-
struction of its new 500 t/d (165,000
t/a) methanol plant and associated 200
t/d (66,000 t/a) formaldehyde plant at
its Namrup site. The new development,
for which pile driving work began on May
7th following a vedic ritual, also includes
a 7MW captive power plant. The whole
expansion is costed at $215 million,
with equity participation from the state
government of Assam and MS Oil India
Ltd (OIL). The ground breaking ceremony
was attended by APL's managing director
Ratul Bordoloi, chairman Jagadish Bhuyan,
local Member of the Legistlative Assembly
Noren Sonowal, APL vice chairman Bipul
Deka and the company’s senior manage-
ment team, to mark the formal starting of
construction work.

MTO forms part of major Chinese

investment

The China-Oman Industrial Park at Oman’s
Dugm Special Economic Zone has
attracted major investment from Chinese
companies, with land leasing agreements
signed in April with 10 Chinese firms. Up
to $11 billion of investment is slated for
the port area, including a new 230,000
bbl/d oil refinery, a coal-fired power pro-
ject, a solar panel manufacturing plant, a
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desalination plant, and a major methanol
to olefins (MTO) facility. Many of the pro-
jects will be based on new gas being pro-
duced from BP’s Khazzan tight gas project,
which is expected to add 1 bcf/d of gas
from the end of 2017. Work on a 221km
pipeline to connect Dugm with Omani gas
production has begun under the auspices
of the Oman Gas Company. Also under
construction are new roads and a 350km
rail line to connect Dugm and Al Shu-
waymiyah. The Industrial Park forms part
of China’s ‘One Belt, One Road’ initiative,
also known as the ‘new Silk Road’, aiming
to spread Chinese investment along a cor-
ridor across Asia.

The $2.3 billion MTO plant is being
developed by Chinese petrochemicals
corporation Mingyuan Holdings Group Co.
In its first phase it will include 1.8 million
t/a of gas-based methanol capacity with
downstream olefins production of several
hundred thousand tonnes per year.

Loan approved for West Virginia

methanol plant

The West Virginia Economic Development
Authority has approved a $10 million loan
to US Methanol, which is aiming to develop
its Liberty One Methanol project west of
Charleston. Liberty One will be a second
hand methanol plant which is currently
being disassembled in Brazil for onward
transport and reassembly in the United
States. US Methanol say that the plant
should be operational by early 2018 at the
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Dow Chemical facility in Institute, West
Virginia, and will produce 150,000 t/a of
methanol from local shale gas.

US Methanol chief commercial officer
Brad Gunn told local press that the loan
“fits our overall strategy to get the plant
in operation soon. It doesn’t finance the
development of the plant itself, but it goes
toward the equipment we'll use. Getting it
is a big part of the process.”

Boost to Chinese shale gas

production

The Unconventional Oil & Gas Monitor
(UOGM) reports that Chinese shale gas
production rose by 50% last year, reaching
1.15 bem for March 2017. Shale gas out-
put for 1Q 2017 was 2.67 bcm. Beijing is
aiming to increase shale gas output to 30
bcm per year by 2020 as part of a major
push on unconventional gas resources —
sour gas, tight gas and coalbed methane
included. China’s shale gas production still
lags far behind the US, and has been ham-
pered by limited infrastructure and com-
plicated geology. Many of China’s shale
plays are located at considerably greater
depths than those found in North America,
and access to stable supplies of water for
hydraulic fracturing is also a challenge in a
country regularly facing droughts. However,
progress does now seem to be accelerat-
ing. China’s largest shale gas producer,
Sinopec, is set to begin production from
its Nanchuan shale gas block in June. This
comprises the second phase of Sinopec’s
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Fuling project, which is estimated to hold
380.6 bcm of proven and probable shale
gas reserves. Sinopec says that it has also
managed to cut its well costs from 100
million yuan ($14.5 million) per well to 70
million yuan ($10.2 million) per well owing
to improvements in efficiency and technol-
ogy, as well as economies of scale.

Hydrogen for refinery complex

Honeywell UOP says that Zhejiang Pet-
rochemical Co. Ltd will use four of its
Polybed" pressure swing adsorption (PSA)
units to supply high-purity hydrogen for its
new integrated refining and petrochemical
complex in Zhoushan, Zhejian Province.
The complex will also use Honeywell Expe-
rion™ distributed control systems, and the
PSA units will be integrated with the Expe-
rion system. When completed, the new
plant will be the largest crude-to-chemicals
complex in China and one of the largest in
the world, manufacturing petrochemicals
to make plastic resins, films and fibres,
as well as fuels.

John Gugel, Vice-President and general
manager, Gas Processing and Hydrogen
at Honeywell UOP, said, “Our customers
in China are selecting UOP’s PSA technol-
ogy as an extremely competitive and relia-
ble source of high purity H,. This is critical
because H, is essential to the operation
of any refinery or petrochemical plant, and
the quality of that H, helps determine the
efficiency of the entire complex,” Gugel
added.

The PSA process uses proprietary
adsorbents to remove impurities at high
pressure from H,-containing process
streams, allowing it to be recovered and
upgraded to more than 99.9% purity
to meet refining needs. In addition to
recovering and purifying hydrogen from
steam reformers and refinery off-gases,
the Polybed system can be used to pro-
duce hydrogen from other sources such
as ethylene off-gas, methanol off-gas and
partial-oxidation synthesis gas.

Topsoe syngas technology chosen for
GTL project

Haldor Topsoe’s syngas technology has
been chosen for Oltin Yo'l GTL, a 38,000
bbl/d gas-to-liquids (GTL) plant in Uzbeki-
stan. Topsoe will deliver proprietary equip-
ment for two synthesis-gas trains, including
autothermal reformers (ATRs), waste heat
boilers, steam drums, CTS burners, refrac-
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tory materials, and HTZR zirconium target
tiles. Oltin Yo'l GTL, owned by state gas
company Uzbekneftegaz, will produce syn-
thetic diesel, jet fuel, and naphtha based
on local natural gas. Sasol is providing the
technology license for the Fischer-Tropsch
gas to liquids section using its Sasol Slurry
Phase Distillate (SSPD) process. Sasol
has been appointed single point licensor,
and Hyundai Engineering Co. is the engi-
neering, procurement, and construction
(EPC) partner.

Fakhriddin Abdurasulov, Oltin Yo'l's
general director said: “in English, Oltin

SYNGAS NEWS

Yo'l means ‘golden road’ and this project
will help set Uzbekistan on a golden road
of development. We will produce some of
the cleanest and most advanced trans-
port fuels in the world, and we will add
one of the world’s most advanced technol-
ogies to Uzbekistan’s already impressive
energy industry. Topsoe’s syngas process
is a very welcome contribution.”

“We are very proud to be part of this
technologically advanced project and
the development of Uzbekistan’s indus-
try, added Per Bakkerud, executive vice
president, Topsoe.
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Quest Integrity Group’s Reformer Care solution is an integrity
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People

At its most recent annual conference in
Marrakesh, the International Fertilizer
Industry Association (IFA) elected Rakesh
Kapur as its new chairman. Mr Kapur is
joint managing director of the Indian Farm-
ers Fertilizer Cooperative (IFFCO), one of
the largest fertilizer cooperatives in the
world, and currently celebrating its 50
year anniversary of continuous support to
Indian farmers. Mr Kapur is also currently
completing his term as chairman of the
Fertilizer Association of India (FAl), and sits
on a number of international boards. An
ex-Indian Revenue Service officer, he has
held various senior positions in govern-
ment, including as director of the Ministry
of Chemicals & Fertilizers, the Telecommu-
nications Regulatory Authority of India and,
prior to joining IFFCO, as additional asses-
sor and collector at Municipal Corporation
of India. Rakesh Kapur has previously
served as chairman of IFA’s Production
and International Trade Committee, and
joined IFA’s Executive Board in 2015, when
he was also elected as vice chairman and
chairman of IFA’s Finance Committee.

In his speech to the conference, Mr
Kapur said: “I am honoured and delighted to

assume |FA’s Presidency and will continue
to further advance and expand IFA’s strate-
gic role in promoting product and nutrient
stewardship initiatives around the world and
delivering added value through its programs
on statistics and market analysis. Under his
leadership, my predecessor, Dr.Jawahery,
has already accomplished major advances
in driving the industry’s commitment to the
Sustainable Development Goals. | pledge to
continue this engagement in my new role,
and ensure that IFA supports the industry
to contribute to the important Agenda 2030
Goals. | am also delighted to oversee the
development of a strategic, future oriented
outlook for plant nutrition and our industry
during my two year Chairmanship.” Mostafa
Terrab, CEO of OCP, Morocco, and long-
standing Executive Board Member of IFA,
haa been nominated as vice-chair.

Uhde Fertilizer Technology bv (UFT) has
had a change of identity, and will now be
known as thyssenkrupp Fertilizer Technol-
ogy GmbH. UFT has been a global market
leader in fluid bed urea granulation technol-
ogy, with more than 30 years of experience
in developing and licensing fluid bed urea
granulation technology and practical expe-

Calendar 2017/18

Nitrogen Fertilizer: Advances in
Technology, Products, Safety and
Global Impact, LONDON, UK

Contact: International Fertilizer
Development Center, PO Box 2040
Muscle Shoals, Alabama 35662, USA.
Tel: +1 256 381-6600

Email: training@ifdc.org

Web: www.ifdc.org

International Fertiliser Society Technical
Conference, LONDON, UK

Contact: International Fertiliser Society,
PO Box 12220, Colchester, CO1 9PR, UK.
Tel: +44 1206 851819

Email: secretary@fertiliser-society.org

JULY

IMTOF 2017, LONDON, UK

Contact: Sue Appleton, Johnson
Matthey Plc, PO Box 1, Belasis Avenue,
Billingham, Cleveland, TS23 1LB, UK.
Email: sue.appleton@matthey.com
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SEPTEMBER

62nd AIChE Annual Safety in Ammonia
Plants and Related Facilities Symposium,
NEW YORK, USA

Contact: AIChE Customer Service

Tel: +1 800 242 4363/+1 212 591 8100
Fax: +1 212 591 8888

Email: xpress@aiche.org

35th World Methanol Conference,
BERLIN, Germany

Contact: Lynn Urban, IHS Markit
Tel: 41 303 397 2801

Email: Lynn.urban@ihsmarkit.com

OCTOBER

Ammonium Nitrate /Nitric Acid Conference,
AUSTIN, Texas, USA

Contact: Hans Reuvers, BASF,

Karl Hohenwarter, Borealis

Email: johannes.reuvers@basf.com
karl.hohenwarter@borealisgroup.com
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rience from more than 60 plants in opera-
tion all over the world. UFT was established
in 2005 as a subsidiary of ThyssenKrupp
Nederland BV, based at Roermond in the
Netherlands, with the worldwide, exclusive
license rights for the fluid bed urea granu-
lation technology developed by Yara Ferti-
lizer Technology. As part of the change in
identity, UFT will be moving its home base
to Dortmund, Germany, and in line with
thyssenkrupp’s brand strategy the com-
pany name will assume a group identity as
thyssenkrupp Fertilizer Technology GmbH.

Following the proposed merger between
Clariant and Huntsman (see Industry
News), the combined company, incorpo-
rated in Switzerland, has announced the
new board line-up, with equal represen-
tation from Clariant and Huntsman, and
following Swiss Corporate Governance
standards. Hariolf Kottmann, current Clari-
ant CEO, will become chairman of the board
of HuntsmanClariant. Peter Huntsman,
current Huntsman President and CEO, will
become CEO of HuntsmanClariant. Jon
Huntsman, founder and chairman of Hunts-
man, will become chairman emeritus and
board member of HuntsmanClariant. |

Gasification and Syngas Technologies
Meeting, COLORADO SPRINGS, USA
Contact: Gasification and Syngas
Technologies Council,

3030 Clarendon Blvd., Suite 330,
Arlington, VA 22201 USA.

Tel: +1 703 276 0110

Fax: +1 703 276 0141

Email: info@gasification-syngas.org
Web: www.gasification-syngas.org

IFA Crossroads Asia-Pacific Conference,
SHANGHAI, China

Contact: IFA Conference Service,

28 rue Marbeuf, 75008 Paris, France.
Tel: +33 1 53 93 05 00

Email: ifa@fertilizer.org

FEBRUARY 2018

Ntrogen+Syngas 2018, GOTHENBURG,
Sweden. Contact: CRU Events
Chancery House, 53-64 Chancery Lane,
London WC2A 1QS, UK.

Tel: +44 (0)20 7903 2444

Fax: +44 (0)20 7903 2172

Email: conferences@crugroup.com
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UREAKNOWHOW.COM ROUND TABLE

Problem No. 43 Increased dust content of urea granules

Dust formation in the granulator can adverslely affect stream
time. There are several reasons for increased dust in the fluid
bed granulator. No formaldehyde or less formaldehyde injec-
tion, lower bed level in the granulator, lower concentration of

Fateme Ahangarani from Razi Petrochemical Company, Iran
starts the discussion: These days we have a problem in our
urea granulation plant and the amount of product urea dust has
increased. Which parameters are important for decreasing the
dust content? We try to control the concentration of urea formal-
dehyde at about 0.5 wt-% but the problem still persists.

Naceem Kashif from SABIC, Saudi Arabia replies: Dust can
increase due to the following factors:

® high ammonia content in product;

® higher moisture content;

® higher temperature;

® low strength.

Mark Brouwer from UreaKnowHow.com, The Netherlands asks
some questions: Do you see an increase in the temperature of
the product granules leaving the granulation section? If yes, from
what temperature to what temperature? Has the inlet urea melt
concentration changed?

Majid Mohammadian from PIDEMCO, Iran shares his ideas: If the
amount of dust is greater than normal check for the following items:
® low content or poor quality of urea formaldehyde;

® low level in the beds;

® low concentration of urea melt feed.

Chandra Mohan from Nagarjuna Fertilizers and Chemicals Ltd,
India offers some advice: You could try contacting GPIC, Kingdom
of Bahrain for more details/advice. As far as | know, the GPIC
granulation unit is the world’s best running unit.

Abbas Noureldeen from Petrochemicals Industries Company,
Kuwait makes some suggestions: If the dust increase is in the
final product, you may need to check the air flow and levels in
your first and second bed coolers. When the level in the final bed
cooler is high and the air flow is reduced, dust will be carried over
with the final product. You need to increase the air flow a little
and decrease the bed level. If the dust is high in the granulator
scrubber then you need to check the temperature and urea melt
concentration as it might be high.

By the way, increasing the urea formaldehyde concentration to more
than 0.45 wt-% will not help much in decreasing the dust formation.

Mark Brouwer from UreaKnowHow.com, The Netherlands asks for
more information: When you talk about a dust problem, what do you
mean? Is the fines (<1 mm) content in the product high? Are there
any caking problems? Does the product show caking behaviour?

18 www.nitrogenandsyngas.com

urea melt to the granulator, a higher pressure in atomisation
(sprayer) air and a higher pressure in the urea melt header are
all factors which can play a role. This roundtable discusses
increased dust level and its causes.

Mohammad Farooq from SABIC-SAFCO, Saudi Arabia shares his
opinion on this subject: By dust we typically mean fines which are
less than 1 mm in urea product. In my opinion, if the amount of
fines (<1mm) increases to more than 1.5 wt-% of the product at the
exit of the prilling tower and the product is to be stored there is an
increased possibility of caking. Caking will start within a few days
and the situation will get worse with the passage of time. However
if the product is packed directly, the problem can be minimised.

Reza Keyhani from Kermanshah complex, Iran asks a new ques-
tion: What is the effect of the granule temperature on this?

Jeremy Feser from Agrium, Canada asks for clarification: Are we
talking about granulation or prilling?

Mark Brouwer from UreaKnowHow.com, The Netherlands replies
and provides more information about drum granulation: We are
talking here about fluid bed granulation. | believe you are talking
about drum granulation. In a fluid bed granulation unit a high bed
temperature leads to a softer product and thus more dust forma-
tion and a shorter run length.

Dusty urea product often leads to uncomfortable discussions
between a urea producer and their clients. It also leads to caking
and causes unpleasant and even hazardous working conditions
for any employee working with such a product. Additionally, dusty
urea can cause damage to crops, leading to reduced yields in the
agricultural sector.

Dusty urea product is typically caused by operation parameters
of the evaporation section in the urea melt plant, operation param-
eters of the granulation section, storage conditions and logistic
procedures. In most of these cases an end-of-pipe solution is
the most efficient and cost-effective solution to improve the prod-
uct quality and produce premium-grade urea. The Van Bommel
Dedusting Technology (VBDT) offers such a solution.

The VBDT was developed in 1992, and has been in continuous
operation ever since at a modern fluid bed urea granulation plant
in North America. The original VBDT design was a one-line unit
with a design capacity of 200 t/h. It was capable of breaking up
soft lumps with a diameter larger than 8 mm, taking out fines and
broken product (90 pm-1.0 mm), and removing dust and ultra-fines
(1 um-90 pm). The design made it possible to guarantee an “on-
spec” premium-grade urea granular product of between 1.0 mm
and 4.0 mm at variable feed rates.

The line was expanded in 1994 to 500 t/h. The VBDT has
also been implemented at various DAP & MAP plants and has the
option to perform cooling of the product and refresh warehouse air
to improve visibility during unloading and loading operations. M
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China is the world’s largest producer of both ammonia
and methanol, but while China’s nitrogen industry faces
overcapacity and rationalisation, methanol continues to be
imported in large quantities to feed olefins production.

hina has come to define most

bulk commodity markets, including

nitrogen (mainly urea) and metha-
nol, but its position in both markets shows
considerable difference as well as similari-
ties. On the nitrogen side, over-production,
over-application, and a variety of environ-
mental issues are forcing a consolidation
of the sector which will bring major change
to China’s nitrogen industry, probably lead-
ing to the large volumes of exports seen in
recent years falling, while on the methanol
side, the ability of methanol to act as an
intermediate for the production of fuels
and plastics from coal is leading to produc-
tion and demand continuing to increase at
a rapid rate, and probably higher volumes
of imports in future.

Nitrogen

China is the world’s largest ammonia and
urea consumer and producer. The country
has an estimated 80 million t/a of ammo-
nia production capacity, almost one third
of the global total, although some of this is
either intermittently or permanently closed,
and operating rates average only 50-60%.
Much of this is legacy form capacity from
China’s long-term policy of maintaining
self-sufficiency in nitrogen fertilizer produc-

20
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tion over several decades, in order to avoid
the terrible famines of the Mao era, and
continue to feed a population in excess of
1.3 billion — 20% of the world’s total — with
only 8% of the world’s arable land.

Initially this was achieved by ammo-
nium bicarbonate (ABC) production, using
fixed bad gasifiers to gasify coal to make
ammonia, and then passing carbon dioxide
through an ammonia solution. This simple
process was superseded in the 1970s with
the introduction of more advanced ammonia
and urea technology, although a significant
number of old ABC plants do still remain.

China pushed ahead during the 1970s
and 80s with ammonia-urea capacity,
mainly using coal gasification, although
during the late 1980s and 1990s there
was also some gas-based urea capacity
developed in China, but shortages of gas
because of it being required for power pro-
duction forced a focus back onto coal gasi-
fication as a feedstock. Clariant estimated
in 2015 that 81% of Chinese ammonia
capacity was based on coal feedstock, with
the rest mainly natural gas as well as a
scattering of coke oven gas-based plants.
This mix is unlikely to change going forward
— China has little domestic gas reserves
and, while it is making a concerted effort
to develop unconventional gas reserves —
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The Wison MTO
plant in Nanjing.

coalbed methane, shale gas, sour gas and
tight gas — these again are mainly destined
for power production. Indeed, since 2012,
government regulations have actually for-
bidden using natural gas as a feedstock
for new ammonia projects.

Another broad thrust of policy over
the past couple of decades has been to
replace older, smaller and less advanced
ammonia plants with newer, larger plants
based on advanced gasification technolo-
gies which are often considerably more
energy efficient. These allow the use of
lower quality, bituminous coal rather than
more expensive anthracite, which can then
be preferentially used for power production
and home heating.

More recently, a minimum plant size of
300,000 t/a for new plants has also been
set, in order to encourage economies of
scale and cheaper production. There is also
a policy to develop more capacity in the coal-
rich northwest of China and try to shut down
production too close to urban centres.

Emerging policy areas

As mentioned above, China has concen-
trated on producing enough urea for its
farmers at a subsidised price in order to
produce sufficient food to feed its growing
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population, and China has indeed been
successful in raising grain yields as well
as moving to more nitrogen-hungry crops
such as fruit and vegetables and achieving
food security over the decades. However,
China has done this by having the highest
nitrogen application rates in the world, and
since the 1990s there has been growing
recognition that high levels of nitrogen fer-
tilizer use in China are contributing to local,
regional, and global environmental prob-
lems, including deteriorating water quality
through leaching and nitrification, soil acidi-

Table 1: New Chinese methanol capacity, 2017

Company Location Feedstock Capacity Start-up

(000 t/a)
300

200

600

1,000

100

800

200

H1 2017
H1 2017
H1 2017
H2 2017
2017
2017
2017

Jiajing Magnesium Inner Mongolia Coke oven gas

Xinneng Phoenix Shandong Coal

Mingshui Dahua Shandong Coal

Hualu Hengsheng Shandong Coal

Hebei

Jinshi Chemical Coal

Luxi Chemical Shandong Coal

Anhui

Anhui Linhuan Coke oven gas

fication, and rising greenhouse gas (GHG)
emissions. While there is room for more
application of some nutrients, such as
potash, the Chinese government has rec-
ognised that it must now focus on nutrient
use efficiency in order to get the best out
of the nitrogen it produces and applies. The
slowing growth of China’s population as the
‘One Child Policy’ adopted in 1979 makes
itself felt has also removed some of the
urgency from simply producing more food.

Two trends have emerged from this.
One is a switch away from relying so heav-
ily on urea as a source of nitrogen nutrient
towards other, more complex compound
fertilizers. More animal rearing for a
more protein rich diet is also leading to
more manure being available for farmers.
Another trend is an attempt to cap nitrogen
applications to fields. The Chinese govern-
ment decided in the most recent five year
plan (2016-2020) to let nitrogen fertilizer
demand rise only 1% per year to 2020, at
which point it will be capped nationally,
with future productivity gains will coming
from more efficient application.

At the same time, government con-
trols on internal markets for all manner
of items are starting to be withdrawn as
China moves towards market pricing. This
is affecting fertilizer and crop markets, as
well as inputs into agricultural costs such
as freight rates, power costs, coal and
natural gas pricing, VAT etc. There is also
a recognition that capacity has been over-
built in many areas, including coal produc-
tion, where the government is trying to slim
down the country’s bloated mining sector.
The National Development and Reform
Commission (NDRC) is targeting 800 mil-
lion t/a of coal production for closure under
the present Five Year Plan, albeit with the
addition of 500 million t/a of newer, more
efficient capacity. In attempting to man-
age coal output the government has been
experimenting with restricting the number
of days that coal mines are allowed to
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Zhongtian Hechuang Inner Mongolia

Coal 1,800 2017

Total

Source: ICIS

operate, leading to a coal price spike dur-
ing 2016 which badly affected urea pro-
duction, even those that have switched to
running on cheaper, bituminous coal rather
than more expensive anthracite, and sig-
nificantly reduced China’s exports of urea.

Another issue has been pollution in urban
areas. Last winter the cities of China’s north-
east faced some of the worst smogs they
have ever seen, even in a country used to
poor air quality, and the Ministry of Environ-
mental Protection (MEP) has begun to take
drastic action to try and limit this problem,
forcing major industrial plants near urban
centres to close down temporarily or even
permanently. This has affected many indus-
tries, from power to aluminium, but in early
2017 Yihua Group was forced to close its
Yichang urea plant in Hebei, and many plants
near population centres were asked to run at
low operating rates. The MEP is now looking
at potential seasonal closured for urea pro-
ducers in Shandong, Shanxi, Hebei, Henan,
Beijing and Tianjin, which could affect up to
36 million t/a of urea capacity; around 45%
of China’s output.

Urea closures

This comes on top of a programme of
rationalisation in the urea industry under
the current Five Year Plan which has seen
9 million t/a of urea capacity close in
2014-15 and 8 million t/a in 2016. While
36 million t/a of new urea capacity has
come on-stream since 2012, this has been
balanced by 23 million t/a of closures over
the same period, most of it smaller less
efficient plants or higher cost anthracite-
based or gas-based producers. New plants
are often in the 600-800,000 t/a range.
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CRU forecast in March that another 12-14
million t/a of urea capacity will close from
2017-2021, significantly more than fore-
cast capacity increases of around 8-9 mil-
lion t/a over the period - for the first time in
decades, Chinese urea capacity may actu-
ally fall, at the same time that there are
production restrictions possible on plants
in the northeast close to urban centres.

Falling imports

All of this is serving to reduce China’s urea
exports. For a while China tried to control urea
exports by placing a tariff on them, as there
was a period when domestic suppliers, espe-
cially near coasts, found it more profitable
to sell onto a buoyant global market rather
than to the domestic market where prices
were controlled, and the government sought
to keep urea in the country to be available
for the country’s farmers, with only a 4-month
period in the autumn where lower tariff
exports were permitted. However, as urea
overcapacity mounted so worries over avail-
ability eased and export tariffs were relaxed.
As a result, China’s urea exports surged to
a record 13.8 million t/a in 2015. However,
high coal prices and rationalisation reduced
exports to 8.9 million t/a in 2016, and they
are estimated to fall further to 5.0-7.5 million
t/ain 2017 due to low operating rates among
coal-based producers. Further cutbacks and
rationalisation are likely to see this fall further
in future, although the prospects of any large-
scale imports look slim at present.

Methanol

China has become the driver of the global
methanol industry through a variety of

21
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government-backed initiatives. These
have caused Chinese methanol demand
to increase at an average rate of 16%
year on year for the past decade, taking
China from a relatively minor player on
the world market to the world’s largest
producer, consumer and importer. China
now accounts for over 50% of world meth-
anol demand, approaching 50 million t/a
in 2016. Meanwhile, Chinese methanol
production reached 43 million tonnes in
2016, according to the National Statis-
tics Bureau. Production continues to grow
at around 6% year on year, and capacity
increased by 7% in 2016. A further 5.4 mil-
lion t/a of capacity is expected to come
on-stream in 2017, including 3.2 million
t/a of new capacity and 2.2 million t/a of
re-started capacity.

Initially China’s use of methanol was
mainly for chemical applications — par-
ticularly formaldehyde, used in resins
production, but also methyl methacrylate
(MMA), acetic acid etc. These uses con-
tinue to grow, but as the Chinese indus-
trial economy matures, so growth in these

sectors has begun to slow. China’s rise to
become a methanol industry titan began
with attempts to monetise Chinese coal
production and to produce domestic fuels
to reduce the country’s increasing reliance
on importing foreign oil and gasoline and
other petrochemical products. This started
with small-scale methanol blending into
domestic gasoline in some coal-rich
regions, and has now come to represent
around 10% of the Chinese gasoline pool.
There was also a large-scale push to
develop dimethyl ether (DME) production,
as a blendstock for LPG. Here, however,
there was some consumer push-back as
cheap, unlicensed blenders would blend
in conventional containers, using rubber
seals which are degraded by DME, and a
series of accidents led to a government
crackdown. As a result the Chinese DME
market did not develop as anticipated,
and there remains widespread overcapac-
ity in this sector. Nevertheless, gasoline
blending and DME blending represent
almost 18 million t/a of Chinese metha-
nol demand.

Other fuel uses of methanol have
come from conversion to methyl and ethyl
t-butyl ether (MTBE/ETBE), oxygenates for
improving fuel octane rating, and Chinese
demand continues to increase as fuel qual-
ity improves. LyondellBasell estimates that
Chinese MTBE demand is around 8 million
t/a, and that another 2.4 million t/a of
capacity will be built from 2015-2020.

More recently, however, new processes
or end uses for methanol have come to
take off. Direct conversion of methanol to
gasoline (MTG) has been one significant
new development, using the ExxonMobil
process. The first, demonstration unit
came on-stream in 2010, but another 10
plants have been constructed since then.
Although the fall in oil prices has reduced
its cost advantage, MTG means that the
product can be sold directly into the gaso-
line market and avoids the sometimes
confusing mix of fuel methanol standards,
as well as the methanol ‘blend wall’ issue
that prevents more than 10-15% metha-
nol being blended into gasoline before a
specially adapted engine must be used.

Table 2: New Chinese methanol to olefins and coal to olefins plants

Producer

Location

Methanol consumption

Start-up

Current MTO production

Various (12 plants)

11,160,000 t/a

to June 2016

Current CTO production

Various (7 plants)

12,360,000 t/a

to June 2016

Shenhua Coal New Mats

Urumqi, Xinjiang

1,800,000 t/a (CTO

Oct 2016

Zhongtian Hechaung

Ordos, Mongolia

1,800,000 t/a (CTO

Oct 2016

Qinghai Salt Lake

Haixi, Qinghai

1,000,000 t/a (CTO

4Q 2016

Huating Coal

Pingliang, Gansu

600,000 t/a (CTO

4Q 2016

Changzhou Fund Energy

Changzhou, Jiangsu

990,000 t/a (MTO

4Q 2016

Zhongtian Hechuang

Ordos, Mongolia

1,800,000 t/a(CTO

early 2017

Shaanxi Yanchang

Yan’an, Shaanxi

1,800,000 t/a (CTO

mid-2017

Jiangsu Sailboat

Lianyungang, Jiangsu

2,400,000 t/a (MTO

1H 2017

Zhong'an Utd Coal

Huainan, Anhui

1,800,000 t/a (CTO

2H 2017

Jiutai Energy

Ordos, Mongolia

2H 2017

Shenhua Baotou

Baotou, Mongolia

1.800,000 t/a (CTO

4Q 2017

Shanxi Qiyi Energy

Xiangyang, Shanxi

900,000 t/a (CTO

4Q 2017

Shanxi Coking Co

Hongdong, Shanxi

2018

Sinopec/Henan Coal

Hebi, Henan

1,800,000 t/a (CTO

2018

Qinghai Mining

Golmud, Qinghai

1,800,000 t/a (CTO

2018

China Coal Yulin Energy

Yulin, Shaanxi

(

(
1,800,000 t/a (CTO

(

(

(

1,800,000 t/a (CTO

2018

Jilin Connell Chemicals

Jilin, Jilin

600,000 t/a (MTO

2018

Tianjin Bohua

Tianjin

3,600,000 t/a (MTO

2019-20

Fujian Gulei Petchem

Zhangzhou, Fujian

)
)
)
)
)
)
)
)
)
800,000 t/a (MTO)
)
)
)
)
)
)
)
)
)

1,800,000 t/a (MTO

2020

Total new MTO

11,990,000 t/a

Total new CTO

Source: Argus JJ&A
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20,500,000 t/a
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Fig 1: Methanol consumption/production, China
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China’s two main oil companies and gaso-
line suppliers, Sinopec and PetroChina,
do not operate their own methanol capac-
ity and have not looked favourably at its
uptake into the gasoline pool. As a result
their pressure has led to a national ‘M15’
standard on methanol blending still not
being agreed, and instead a myriad of
local, provincial standards apply (13/23
provinces have some kind of methanol
blending standard).

Nevertheless, fuel security continues to
be an issue for China. China imports over 6
million bbl/d of oil, and with its own domes-
tic production increasing only slowly, while
gasoline and diesel demand increase rap-
idly, this can only increase. China is acutely
aware that most (80%) of this oil comes
from the Middle East and flows through the
Malacca Straits in Indonesia, and could be
vulnerable to being interdicted in the event
of any major face-off with the United States
— one reason for China’s expansion of its
military presence in the South China Sea.
Methanol and methanol derivatives in the
Chinese liquid fuel market now total over
500,000 bbl/d according to Argus DeWitt,
and this is likely to continue to increase.

Methanol to olefins

While MTG is showing some significant
growth in China, by far the largest driver of
new methanol consumption in China has
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been methanol to olefins (MTO). Methanol
can be converted to ethylene or propylene
and then polymerised to polyethylene or
polypropylene. This allows coal to be effec-
tively used as a feedstock for plastics
production rather than oil and again helps
mitigate large and expensive imports of
oil. Methanol to olefins capacity in China
represented 25 million t/a of capacity to
consume methanol in early 2016, accord-
ing to Argus, and there is more than as
much again planned or under construction
(see Table 2).

Methanol imports

In spite of China’s continuing build-up
of methanol capacity domestically, the
growth in MTO production and especially
the growth in MTO production that does
not have dedicated upstream methanol
capacity at the same site — so-called ‘mer-
chant MTO’ — the gap between Chinese
methanol production and consumption
continues to grow. Although China has a
large amount of ‘unused’ methanol capac-
ity, much of this is either small scale and
too expensive or otherwise not likely to be
able to compete with imported methanol.
Nevertheless, continuing demand for meth-
anol has led to some domestic methanol
re-starts.

Total methanol imports in 2016 were
around 8.8 million t/a in 2016, up nearly
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60% on 2015. China remains what MMSA
describes as the “importer of last resort”,
hoovering up any spare tonnages on the
market. Imports are imports are likely to
continue growing over the next few years.
Demand is rising rapidly in eastern China,
with two new methanol-to-olefins plants
having started production at Fund Energy
and Jiangsu Sailboat, with a combined
requirement for 3.5 million t/a of metha-
nol feedstock.

China’s methanol imports come
mostly from Iran (about 45% in 2015),
and another 35% from other Gulf states
— Saudi Arabia, Oman, Qatar, Bahrain and
Abu Dhabi. New Zealand, Malaysia and
Indonesia make up most of the rest. How-
ever, an interesting new development has
been Chinese companies looking to build
upstream gas-based methanol capacity
outside of China, especially in the USA.
Two large-scale plants are under develop-
ment in Washington State, where cheap
US shale gas will feed 10,000 t/d of
methanol production for export to China
for olefins production.

MMSA calculates that methanol
imports to China could rise from 7 million
t/ain 2015 to 13 million t/a in 2020 (see
Figure 1), and even 19 million t/a in 2025,
raising concerns about whether the coun-
try has the infrastructure to absorb such
tonnages.

Driven by policy

The unifying theme of both the Chinese
nitrogen and methanol sectors is their con-
tinued dependence on government policy
decisions as much as market develop-
ments. On the nitrogen side, environmen-
tal and efficiency concerns are leading
to rationalisation of urea capacity and a
move to larger, more advanced sites, with
capacity actually likely to fall over the next
few years, and demand levelling out from
2020 onwards. Increases in coal prices as
the country transitions to a market based
economy may also increase the overall
‘floor price’ for China, which remains the
marginal producer of urea, and exports are
likely to continue to fall.

Conversely, on the methanol side, self-
sufficiency concerns and the relatively
cheapness of coal-based methanol com-
pared to other ways of producing fuel or
plastics will continue to see both new pro-
duction and especially new demand, with
imports continuing to rise steadily over the
coming years. |
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Melamine for resin production is a small but useful diversified
product stream for urea producers, and melamine production
can offer useful synergies for urea producers as part of

an integrated plant.

hereas most urea goes into fer-

tilizer production, it does have a

number of industrial and chemi-
cal uses as well. In general, the market for
‘technical’ urea is actually growing more
quickly than that for agricultural purposes,
in areas such as urea solutions used for
catalytic reduction of vehicle exhausts
(‘Adblue’ /DEF), urea-formaldehyde resins,
health and beauty products, metal treat-
ment and a variety of other uses. While
most of these are separate from the busi-
ness of producing urea itself, urea conver-
sion into melamine — also mainly used in
resins — can offer advantages to urea pro-
ducers because of the way that the process
can be integrated into urea production.

Most melamine is used in the wood-
based fibreboard and panel industry as
a starting product for the manufacture of
melamine-formaldehyde (MF) and melamine-
urea-formaldehyde (MUF) resins, which go
into a variety of household and building
uses such as surface laminates for kitchen
worktops, furniture and flooring, and adhe-
sives for board materials such as particle
board (chipboard), MDF and plywood. It is
also used as a binder in some paint formu-
lations for more durable applications, and
as a flame-retardant additive in polyurethane
foams used in furniture and mattresses.
However, laminates and wood adhesives
account for a substantial proportion of
melamine demand overall, and because of
its broad range of uses in building and coat-
ings, overall growth in melamine demand is
generally related to general GDP growth. Fig-
ure 1 shows these end uses according to a
major melamine contractor.

The overall melamine market was just
over 1.6 million t/a in 2016, with demand
dominated by Europe and Asia, especially
China. As with many other chemical sec-
tors, China has come to represent about
50% of global melamine consumption.
However, also as with many other chemi-
cal sectors, China has overbuilt mela-
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Fig 1: Major end-uses for melamine

49% Decorative and protective laminates
3% Wood adhesives
3% @ Surface coatings
6% @ Moulded products
9% @ Textile and paper treating/coating
30% Other applications*

*concrete additives, flame retardants, special
fertilizers, ion exchange resins, leather tanning
agents, fluorescent pigments, glass fibres

Source: Eurotecnica

Fig 2: Melamine demand by region

Asia Pacific @ America
Europe @ Middle East and Africa
Latin America

Source: IHS
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mine capacity, to the extent that it now
has almost 70% of the world’s installed
melamine capacity, and has not only met
its own domestic demand, but has also
become the world’s largest exporter of
melamine, responsible for around 40% of
merchant melamine sales. China exports
up to 300,000 t/a of melamine, and this
has triggered an anti-dumping investigation
in the European Union which is expected to
rule later this year.

Europe is the second largest consumer
of melamine, with just over 25% of world
consumption. Europe is also the second
largest producing region, dominated by
the 150,000 t/a capacity OCI facility in
the Netherlands, and followed by Borealis
in Germany (80,000 t/a) and Grupa Azoty
in Poland (96,000 t/a). Borealis also has
a 65,000 t/a plant in Austria, and BASF
operates 65,000 t/a at Ludwigshaven.
Outside of China and Europe, the largest
producers are Russia, Japan and the USA.
However, consumption is much more lim-
ited here, with the US representing only
about 5% of melamine consumption (see
Figure 2). The US also has a sole 75,000
t/a production plant at Cornerstone’s Wag-
german facility.

In spite of the relative slowdown in the
Chinese economy, Chinese consumption
has continued to grow at a rate of around
6% year on year due to continuing demand
for wood panels and laminates for floor-
ing and furniture in the Chinese property
market. However, growth has been even
stronger in other parts of Asia, with India,
South Korea, Malaysia and Indonesia all
seeing steady growth for wood panels. The
Asia-Pacific market as a whole is forecast
to continue to see 5% increases in demand
year on year to 2020. Western European
demand by contrast is increasing at a rela-
tively more modest 1-2% per year, increas-
ing to 3-4% in Eastern Europe and around
3% overall in Europe. The US figure is
around 2% growth, with construction and
car production the main areas of demand.
Overall global demand is expected to
increase to 1.9 million t/a by 2020.

The recent run of low urea prices has
been beneficial for melamine producers,
as each tonne of melamine produced
requires up to 3 tonnes of urea as feed-
stock (this can be lower, depending on how
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MELAMINE

the recycle works). For this reason, mela-
mine consumes in effect up to 4.8 million
t/a of urea — relatively modest compared
to a global urea market of 190 million t/a,
but still representing a respectable 2.5%
of global urea demand. Moreover, as mela-
mine prices can run at $900-1,900/tonne
— far higher than urea’s average of $250-
400/t (or $750-1,200/tonne of melamine
equivalent), it makes melamine a signifi-
cant value-added product.

Major technologies

The reaction from urea to melamine can
generally be thought of as a two-step pro-
cess. In the first step, urea decomposes
into cyanic acid and ammonia in an endo-
thermic reaction:

6CO(NH,), —> BHCNO + 6NH, (1)

In the second step, cyanic acid poly-
merises to form cyanuric acid, which
condenses with the liberated ammonia
forming melamine. This releases water
which then reacts with cyanic acid present
(which helps to drive the reaction) generat-
ing carbon dioxide and ammonia.

6HCNO — C5HgNg + 3CO, (2)
(melamine)

Reaction (2) is exothermic but the overall
process is endothermic. The overall reac-
tion is thus:

BCO(NH,), —> C,HNg + BNH; + 3C0,  (3)

There are essentially two broad ways
to produce melamine — a high pressure
non-catalytic process first developed
by Allied Chemicals in the 1960s, with
similar versions soon emerging from Nis-
san and Montedison, and a low-pressure
gas-phase catalytic process developed by
BASF and later variants from DSM (with a
liguid quench) and Chemie Linz. Although
companies and licensors have changed
hands over the years, the broad processes
remain essentially the same, although with
various improvements along the way. Che-
mie Linz became AgroLinz (who also bought

the Montedison technology), then Borea-
lis, and now those melamine licenses
have been bought by Casale, while DSM’s
melamine technology is now owned by OCI.
Other entrants include Eurotecnica, with a
process based on the Allied technology,
and Lurgi, now owned by Air Liquide. The
various technologies are shown in Table 1.
The low pressure process in vapour
phase is a catalytic process in which the
decomposition of molten urea and the
synthesis of melamine takes place in a
fluidised or fixed bed catalytic reactor. The
effluent is quenched with water (recovering
the product in a slurry) or with cold gas,
and the off gas is sent to the recovery and
treatment unit. The slurry (in the case of
liquid quenching) is driven though a filter (to
remove catalyst fines) and finally to a crys-
tallisation section, where the final product
is obtained after centrifuging and drying.
While both low and high pressure pro-
cesses operate at around 370-400°C, the
low pressure processes require only around
1-10 bar of pressure, and hence do not
require special grades and thicknesses
of steel, making for lower capital expendi-
ture, but catalyst and utility requirements
can make for higher operating costs. The
high pressure processes operate in a lig-
uid phase at 80-150 bar, and generate a
coarser product, meaning that the low pres-
sure process is preferred for finer, paint and
coating applications. The LP process, which
uses a fluidised bed reactor, also tends to
lend itself better to larger scale applications.

Casale

Casale acquired Borealis’ high pressure
melamine technology in 2013. As a urea
licensor, Casale have both before and
since worked to realise synergies between
the urea and melamine processes — the
off-gases generated in the melamine plant
can be recycled back to the urea plant
where they will be converted again into
urea, making a melamine plant neatly inte-
grated within a larger fertilizer complex.

In Casale’s LEM" (Low Energy Melamine)
process, melamine synthesis and off-gas

Table 1: Melamine technologies comparison

High pressure Low pressure

Liquid quench

Casale
Eurotecnica
Nissan

OCI (SLP)
Casale

Gaseous quench

www.nitrogenandsyngas.com

OCI (GPH) Lurgi/Air Liquide

BASF
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separation occur in the high-pressure sec-
tion of the plant, while the melamine product
is purified by separation from by-products
such as oxy-amino-triazines (OATs) and poly-
condensates such as melam in the low-pres-
sure (aqueous) section of the plant. Since
the melamine is recovered from its aqueous
solution by crystallisation, melam, which can
co-precipitate along with melamine, must be
removed before the solid-liquid separation is
carried out. That is accomplished by hydroly-
sis in alkaline solution. OATs, which are
formed both in the synthesis section and
from melam and melamine hydrolysis occur-
ring in the low-pressure section of the plant,
are kept in solution as sodium salts at the
appropriate pH during the melamine crystalli-
sation and are subsequently purged out and
treated in the waste water treatment (WWT)
section of the plant. The alkaline environ-
ment needed to hydrolyse melam and form
the OAT sodium salts is maintained by add-
ing the appropriate amount of a sodium
hydroxide solution. After crystallisation the
melamine is dried, filtered and sent to silos
for storage.

Casale LEM technology is currently
applied in two plants owned by Borealis: a
30,000 t/a plant sited in Linz, Austria, and
an 8,000 t/a plant in Piesteritz, Germany.
Casale has completed a basic engineering
package for a new 40,000 t/a melamine
plant in 2015 and is preparing another
basic engineering package for a 40,000
t/a melamine plant, awarded in 2016.

Eurotecnica

Until just over two decades ago, there had
been little licensing outside of the major
melamine producers themselves (DSM, Nis-
san, BASF, AgroLinz), via their own plants
or joint ventures. The only major technology
licensed outside of these was Eurotecnica’s,
first developed in the 1960s and commer-
cialised in Kuwait in 1970. As a result Euro-
tecnica, now part of the Proman Group, has
become one of the largest global licensors of
melamine technology, with 21 plants world-
wide using Eurotecnica’s Euromel melamine
technology, accounting for 750,000 t/a of
capacity, or around one third of global pro-
duction, including Qafco in Qatar, Methanol
Holdings Trinidad Ltd, Hubei Yihua, Zhong
Yuan Dahua and Petrochina in China, Grupa
Azoty in Poland, Khorasan Petrochemical Co
in Iran and Petrobras in Brazil. The company
recently licensed two 60,000 t/a melamine
plants to Henan XLX in Xinjiang, China.
Eurotecnica’s process is a single stage
liquid-phase, non-catalytic reaction. Ammo-
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nia and carbon dioxide are recycled to the
upstream urea plant, and water is treated
inside the process to be either recycled
within the process itself or used as cool-
ing water make-up, which produces a zero
discharge process. The company claims
that the process’ simplicity and operability
makes for a safe and reliable process gen-
erating high quality melamine. In the event
of an upstream urea outage, the melamine
reactor can be ‘bottled in” and run at idle
until urea is available again.

Lurgi/Air Liquide

Lurgi’s melamine technology is a low pres-
sure process with a gaseous quench. The
company describes this as a “straightfor-
ward” process, with no water quench or
drying unit, and hence no corrosion issues,
no high pressure or complicated drying
equipment and hence lower investment
costs and low raw material consumption.
The melamine produced has low water con-
tent (0.02-0.04%), small particle size and
high purity (>99.9%), suitable for paint and
coating applications.

The company began offering the tech-
nology in the mid-1990s, and over three
generations of the technology has scaled
up the process from its initial 6,000 t/d
plant to offer 50,000 t/d installations. The
company built 18 plants from 1995-2010
in China, with a combined capacity of
400,000 t/a, including three 50,000 t/a
plants, and also designed Russia’s only
melamine plant, for Eurochem at Nevinno-
myssk in Stavropol province, which also
has a capacity of 50,000 t/a, and which
was completed in 2012.

ocCl

Egypt-based Orascom Construction Indus-
tries (OCI) bought DSM Agro and DSM
Melamine in 2010. The company now
produces 230,000 t/a of melamine at its
locations in the Netherlands and China.
The Dutch site is the main one, with
150,000 t/a of melamine capacity. The
company has two main processes, one a
high pressure gas-phase process, inherited
via Melamine Chemicals, and the other
DSM'’s original low pressure liquid phase,
producing various grades of melamine
accordingly. There is a larger particle size
grade with 350 micron diameter produced
in one of the gas phase plants, as well as
a lower density 60 micron grade and a very
fine 40 micron grade, all produced via the
gas phase process. The shortened liquid
phase plant produces a 180 micron grade.
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Nissan and BASF

Nissan’s higher pressure (100 bar) pro-
cess operates with a liquid phase quench.
The company operates a single 50,000 t/a
plant at Toyama in Japan. BASF conversely
has a low pressure process which it runs
at its 65,000 t/a facility in Ludwigshaven,
Germany. Neither company has licensed
its technology for other producers.

NIIK

Russia’s NIIK has inherited Soviet-era
technologies for production of melamine,
one using calcium cyanamide to produce
dicyandiamide, which is then heated to
produce melamine — this is in use at a
6,000 t/a plant in Armenia constructed in
the 1970s; and the other a high pressure
urea process based on the Montedison
process, in operation in a 10,000 t/a at
the same site at Kirovakan. Since then
development work on the HP urea process
has continued intermittently, leading to the
launch of the company’s own alkali mela-
mine technology in 2011.

Melamine integration

With more melamine technologies becom-
ing available for license, there has been
increased interest in integration of mela-
mine production with urea plants. The spe-
cifics of this of course depend on the type
of melamine technology to be integrated
into the urea process, particularly whether
the process-off-gases are at high, medium
or low pressure. The off-gases are generally
at a lower pressure than the urea synthesis
loop pressure, requiring condensation and
then pressurisation to be brought up to syn-
loop pressure. The condensation requires an
amount of water to keep the ammonia and
carbon dioxide in a liquid solution, and this
can require additional water if a dry quench
has been used in the melamine process.
Integration schemes have been presented
in previous issues of Nitrogen+Syngas maga-
zine, by Eurotechnica, Casale and urea licen-
sor Saipem3#, which owns the Snamprogretti
urea license. Formerly DSM’s urea licensing
division, Stamicarbon (now owned by Tec-
nimont) have also maintained the urea link
with melamine technologies, and offer their
own urea-melamine integration technology
expertise. As part of DSM, Stamicarbon was
one of the first companies to tackle the urea-
melamine integration issue by developing a
method of recovering the waste ammonia
and CO, as ammonium carbamate, which
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could be directly reinjected back into the
urea plant. These days Stamicarbon call this
the ADVANCE DESIGN™ carbamate concen-
tration unit (CCU).

Too much melamine?

Because the melamine market is grow-
ing faster (at about 5% per year) than
the urea market (circa 2-3% per year),
and because melamine prices have been
higher than the relatively depressed urea
market (which has seen a flood of urea on
the market from Chinese producers), urea
producers have been tempted to move
into melamine production using the new
more widely available melamine licenses.
However, while the melamine market has
been relatively buoyant of late, it does also
suffer from some of the same issues as
the urea market, which is a large glut of
Chinese exports on the market.

One symptom of this has been anti-
dumping action by the European Union —the
second largest melamine market — against
Chinese melamine. Anti-dumping tariffs of
€415/tonne were imposed by the EU in
2011 and these ran for five years to 2016,
at the request of Europe’s largest manufac-
turers — OCI in the Netherlands, Borealis
and Grupa Azoty. Even so, EU melamine
consumption fell by 2.4% from 2010-2015,
from 293,000 t/a to 286,000 t/a, and
Chinese market share rebounded to 5%
by 2015, while EU melamine output fell by
10% over the same period, from 311,000
to 279,000 tonnes. The EU has also faced
increased imports from Russia since the
start-up of the Eurochem plant in 2012. The
EU is now considering whether to renew anti-
dumping measures. Meanwhile, Chinese
exports have also been moving in signifi-
cant volumes into other markets like Turkey,
Thailand and South Korea. As a result, given
the significant quantities of unused Chinese
melamine capacity, the scope for new mela-
mine capacity outside of China remains an
open question at present. |
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MIDDLE EAST

Nelly Mikhaiel, Senior Consultant, and Priyanka Khemka, Consultant, Nexant, look at the
Middle East’s natural gas industry and its effect on nitrogen fertilizer production.

he Middle East is a robust gas con-
suming region, with fuel use almost
doubling between 2005 and 2015
(Figure 1). Despite recent upward price
adjustments in several countries in the
region, energy prices are still below interna-
tional levels, especially in Gulf Cooperation
Council (GCC) countries, although they vary
substantially across the Middle East. His-
torically, low domestic prices have incentiv-
ised greater gas consumption, and to that
end, the Middle East is increasingly depend-
ent on natural gas to fuel new power and
desalination plants, to provide competitive
feedstock for petrochemical projects and to
produce metals. Regional consumption is
driven not only by fast growing economies
but also the wants and needs of a compar-
atively youthful population. According to UN
(2015) data, the Middle East’s population
has a median age of 26.6 years, compared
to an average of over 42 years in the eco-
nomically-advanced Group of Seven (G7)
countries. Looking ahead, Nexant expects
that projected regional gas consumption
will remain supported by the availability
of gas at subsidised prices, despite some
recent progress in phasing out subsidies in
various countries, albeit from very low base
prices. This sets the scene for significant
gas consumption growth in the long-term.
Gas already occupies a prominent posi-
tion in the regional energy mix, (just under
50% in 2015), but scope exists for addi-
tional penetration. The same trends that
have governed regional gas consumption
growth over the last decade remain in force:
ample resource availability in several (but
not all) countries; population growth; strong
economic factors; urbanization; a boom
in the industrial sector led by the rapidly
expanding petrochemical business using
gas as a feedstock; and policies that have
kept end-user prices at relatively low lev-
els. However, optimism must be tempered
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with the knowledge that not all Middle East
countries will be willing and/or able to sus-
tain subsidies for domestic energy prices in
the long-term. The growing competitiveness
of renewable energy sources in the power
sector moreover poses increasing competi-
tion for natural gas, which may erode gas’
share of this all-important segment.
® According to Nexant’s modelling, the
power and industrial sectors account
for a large part of forecast consump-
tion growth by 2040. The power sector
(including water desalination, where
gas-fired plants combine power genera-
tion with freshwater production) almost
doubles its gas use over the forecast
period and accounts for almost half the
region’s gas consumption in 2040.
Industrial gas use grows by almost 105
bcm per year, where switching away
from oil is also a driving force.
Middle East gas producers are con-
flicted between increasing gas prices to
incentivise gas producers and reduce
the resulting financial price subsidy bur-
den and retaining the political support

of industrial consumers whose busi-
ness models are predicated on access
to low-cost gas supplies. The Middle
East’s increased focus on natural gas
is ultimately driven by the economics
of oil as an export and also to some
extent the use of cleaner fuel supplies.

Historic and projected gas supply

A common assumption today is that the Mid-
dle East has an abundance of readily availa-
ble natural gas supplies; however, the reality
is quite different. To date, the Middle East,
which has 42% of the world’s proved gas
reserves (as of end-2015), has struggled to
produce sufficient gas to meet its needs.
This is attributable to several factors:
® The region’s proved conventional gas
reserves are unevenly distributed. While
some countries in the region (e.g., Qatar,
Iran, and Saudi Arabia) have signifi-
cant deposits, others (e.g., Jordan) are
gas-poor. Even countries with modest
reserves endowments face supply prob-
lems (e.g., Bahrain and Oman): as oil-

Fig 1: Middle East gas consumption, 2005-16
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Source: Nexant’s World Gas Model. Historic data to 2015 only.
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MIDDLE EAST

poor countries, they historically focused
on gas as a means to develop their econ-
omies, and are already contending with
production declines.

Gas reserves do not translate to avail-
able gas supply, with Iran and Iraq
being the most obvious examples.
Iran’s isolation from the global commu-
nity until 2016 precluded the country
from assuming the status of a large
gas exporter, whereas Iraq’s potential
is constrained by political strife.

Some of the region’s gas supply is
associated with crude oil. Reserves
may not be available to supply domes-
tic markets or export markets because
production is dictated by crude oil pro-
duction quotas (if applicable) and/or
the need to re-inject gas to maintain
current levels of crude oil production.
Even countries with rich non-associated
gas reserves are concerned about produc-
tion sustainability. Qatar, which is the only
Arab country not dealing with security of
supply issues and is currently the world’s
largest exporter of LNG, imposed a mora-
torium on further North Field resource
development in 2005, citing concerns
about the effects of large-scale produc-
tion on the reservoirs. This moratorium
was only lifted in the summer of 2017.

A decision taken in early June 2017 by
Saudi Arabia, the United Arab Emirates,
Egypt and Bahrain to impose sanctions
on Qatar due to its perceived support
for Islamic terrorism has not (as of June
2017) affected LNG flows from the emir-
ate, or even Qatari pipeline exports to
Oman and the UAE. Consequently, Nex-
ant does not foresee a material long-

term effect on regional gas movements.
Of the region’s approximately 600 bcm
of annual production in 2016, less than a
quarter was exported to other global regions
(Figure 2): aside from LNG export projects in
Oman, Qatar, the United Arab Emirates, and
Yemen, the vast majority is consumed within
the region. Indeed, inter-regional gas imports
have assumed increasing importance in the
Middle East over the last several years. In
addition to Iranian pipeline imports from
the Former Soviet Union, the Middle East
has assumed the status of an LNG import
province, with receiving terminals operat-
ing in Israel, Jordan, Kuwait, and the UAE.
The Middle East’'s seemingly incongruous
rise as an LNG import province is testimony
not only to gas’ growing importance to the
region, but also internal supply availability
issues in certain countries. For example,
Israeli and Jordanian LNG receipts were a
response to unreliable and (ultimately sus-
pended) Egyptian deliveries via the Arab Gas
Pipeline, whereas a mismatch between the
ramp-up of demand and new non-associated
gas production ventures in Kuwait and the
UAE account for the 2010 start-up of Arab
Gulf LNG imports. Regional LNG deliveries
totalled a provisional 8 bcm in 2016.

It is hoped that the ramp-up of new non-
associated gas supply projects in Kuwait,
Israel, and the UAE will eventually elimi-
nate the need for LNG imports in these
countries, but if production capacity addi-
tions fail to match demand increases, LNG
imports will remain crucial to the region’s
supply mix. Moreover, there is scope for
new LNG importers to emerge such as Bah-
rain, which needs LNG to compensate for
declining output from mature indigenous

Fig 2: Pipeline and LNG flows to/from the Middle East
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Source: Nexant’s World Gas Model. Historic data to 2015 only.
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sources. In Nexant’s view, the Middle East
will remain a modest but tangible import
market for LNG going forward.

Given the country’s mounting LNG
import track record over the past several
years, it’'s unsurprising that the topic of
shale gas in the Middle East has attracted
considerable interest from companies oper-
ating in countries with limited conventional
resources, as well as for countries with
plentiful conventional resources that are
costly to develop. Together, Jordan, Oman,
and the UAE are estimated by Advanced
Resources International (for the US Energy
Information Administration) to host over 7.3
trillion cubic meters (260 trillion cubic feet)
of wet technically recoverable shale gas
resources, whereas third party estimates
for Saudi Arabia are in the neighbourhood
of almost 17 tcm (600 tcf) or more.

However, the costs of shale gas pro-
duction must be weighed against the sup-
ply alternatives: if pipeline or LNG imports
can be procured more cheaply, and pro-
motes intra-regional trade and good-will
into the bargain, this is a compelling option
indeed. On the other hand, a concentrated
focus on higher domestic gas output may
prove more attractive in the long run. Sev-
eral Middle East countries have domestic
gas pricing regimes that are very attractive
to consumers (owing to the presence of
subsidies), which is an obstacle for gas-
focused production programs. However, in
the medium to long-term, gradual removal
of price subsidies may provide incentives
for increased gas production. This would
also facilitate the imports of market-priced
LNG and pipeline gas supplies.

For Middle East countries with both
plentiful conventional gas reserves and
high shale gas resource potential, however,
the latter might not occupy a prominent role
in the future gas supply mix. Producers with
easily-accessible and cost-competitive con-
ventional deposits may prefer to exploit
these reserves instead of embarking on
costly shale gas exploration endeavours
that may or may not be successful.

Nitrogen outlook — historic
production and exports

The Middle East is one of the largest pro-
ducers of nitrogen fertilizers in the world,
with an estimated ammonia production of
close to 17 million t/a and urea production
of 22 million t/a in 2016. The low cost of
natural gas in the region and hence the low
cost of production makes the construction
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Fig 3: Middle East nitrogen production
capacity by country, 2016
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of export-orientated, integrated urea plants
very attractive. Iran, Qatar and Saudi Ara-
bia are the largest ammonia and urea
producing regions within the Middle East,
as shown in Figure 3. In 2016, the region
exported an estimated 16 to 17 million t/a
of urea; the second largest regional export
volume in the world. Within the Middle
East, Saudi Arabia is the largest exporter
of urea followed by Iran, and Qatar.

Consumption

The region’s fertilizer demand is relatively
small, with an estimated consumption of
about 5 million tons in 2016. The Mid-
dle East is largely an arid region, and the
development of its agricultural sector has
been hindered by many factors such as
small farm sizes, weak infrastructure, soil
deterioration, and water scarcity. Due to
low precipitation levels in the much of the
region, however, fertilizer use is critical to
enhance agricultural production. Turkey and
Iran account for more than fifty percent of
urea consumption in the Middle East. Nex-
ant believes that the Middle East’s total
urea demand will grow close to three per-
cent per year up to 2025, faster than the
one percent growth per year experienced in
2000 to 2016 period. The region’s growing
population and consequent food demand
will drive regional growth for urea in the
direct application segment, which accounts
for about 80 percent of the total urea con-
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sumption in the Middle East. Iran’s con-
sumption, which accounts for one third of
total urea consumption in the Middle East,
is expected to grow close to 3.5 percent
in the next decade, driven by rising export
demand for various agricultural products.

Current and projected production/
exports

Ammonia capacity developments in the Mid-
dle East have somewhat slowed down in
recent years, from an average annual growth
rate of seven percent between 2000 and
2012, to a 3% per year growth between 2012
to 2017 period. There have been no signifi-
cant capacity additions in the Middle East in
the past four to five years. This is attributable
to various factors. For example, Qatar has
not been able to expand capacity because
of the moratorium on North Field develop-
ment, which was just lifted in May 2017,
whereas Oman is struggling with feed gas
supply constraints that have even affected
natural gas export volumes. The outlook for
regional capacity growth is also affected by
the prevailing global oversupply situation:
capacity developments in other parts of the
world such as coal based plants in China and
shale gas based capacity developments in
the United States have resulted in a global
over supply situation. The incentive to invest
in new Middle East production facilities in the
near term is therefore not great.

On a delivered cost basis, United
States Gulf Coast (USGC) producers are on
par with Saudi Arabian suppliers of ammo-
nia/urea into the USGC, thanks largely to
the increased availability of competitively-
priced shale gas. With the US less depend-
ent on Middle Eastern imports, the onus is
now on Middle Eastern producers to iden-
tify opportunities in other export markets —
most likely in Asia, which Nexant considers
to be the world’s biggest demand growth
market for fertilizers.

Middle Eastern exporters also face
competition from North African producers
in supplying the mature European market,
since North African sellers enjoy a freight
cost advantage due to their proximity to
European outlets. However, some North
African producers — chiefly Egypt — have
experienced feed gas constraints of their
own in recent years, necessitating sup-
plemental LNG imports and the temporary
cessation of LNG exports. This situation is
not expected to persist, as Egypt brings the
massive non-associated offshore Zohr field
online; in addition, there have also been
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several new gas discoveries reported in the
country in recent years, especially in the Nile
Delta region. Together with the optionality of
augmenting domestic production with natu-
ral gas imports from neighbouring Israel and
even Cyprus, Egypt may considerably expand
its fertilizer production and export base in
the longer term, thereby posing additional
competition for Middle East producers.

Iran poses additional competition for
existing Arab fertilizer exporters in the Middle
East, although its success would ultimately
boost the region’s profile as a source for vol-
umes. The 2016 lifting of sanctions in Iran
and various projected new capacity develop-
ments are strengthening Iran’s net export
position, which translates to stronger com-
petition for current Saudi producers. In Saudi
Arabia, Ma’aden is the only company that
has started production at a new ammonia
plant, with capacity of 1.1 million tons per
year, in the recent years (in 2016) primarily to
feed the Wa’ad Al Shamal phosphates com-
plex. By contrast, some three to four million
tonnes of new capacity is expected to come
on-stream in Iran in 2017 to 2020 period.
However, project activity may be delayed if
Iran is unable to secure financing from for-
eign lenders. President Trump is in the pro-
cess of reviewing US policy towards Iran, and
the uncertainty this engenders is plainly not
conducive to the financing of new ventures.
Nevertheless, Iran is viewed as an attractive
location by many external investors, such
as Indian and Bangladeshi companies, who
have indicated their interest in establishing
export oriented production ventures there.

Even though the Middle East capacity is
expected to grow slowly in the near term,
it remains a major producer and exporter
of ammonia/urea in the global market. The
drop in global oil prices has reduced the
returns on investments for manufacturers,
but this has not eroded the Middle East’s
position as one of the largest urea export
regions in the world. The pace of capacity
development is expected to pick up post
2022 in Qatar and Saudi Arabia, as manu-
facturers begin to take advantage of the
production from new gas fields: in addition
to the lifting of the moratorium on Qatari
North Field gas production, Saudi Arabia
is in the process of expanding its natural
gas production under the National Trans-
formation Program (NTP 2020) that was
approved by Riyadh in 2016. In Nexant’s
view, the Middle East will retain its posi-
tion as the largest exporter of urea in the
world, as regional capacity developments
outpace consumption growth. [ |
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Sa ety”mclden‘ 5,

: A Iook at recent safety mcldents

n spite of its generally safe operation,

the nitrogen industry continues to be

plagued by accidents and safety inci-
dents which lead to destruction of prop-
erty, injury and even loss of life. Foremost
among the chemicals of concern to author-
ities for their potential to cause risk to life
are ammonia and ammonium nitrate.

Ammonia incidents

Because of the large scale of the ammonia
industry and the toxic potential of ammo-
nia vapour, ammonia incidents continue to
be some of the most widespread and most
serious in the chemical and other indus-
tries. According to a recent report by the
US Environmental Protection Agency (EPA)
District 7, 75% of all reportable chemical
accidents in the four states it covers (lowa,
Kansas, Missouri, and Nebraska) involved
anhydrous ammonia. As well as in agricul-
ture, ammonia is making a comeback in
refrigeration units as chlorine-based refrig-
erants are phased out under the Montreal
Protocol and fluorinated hydrocarbons
become restricted due to their global
warming potential.

In spite of its familiarity with ammo-
nia production and handling, the nitrogen
industry is not immune from these kinds of
accidents. For example, in August 2016,
Petronas suffered an ammonia leak at its
new Petronas Chemicals Fertiliser Sabah

34
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Sdn Bhd plant at Sipitang in Malaysia,
leading to two fatalities and three other
injuries. The contractors were carrying out
maintenance work at the facility, which
was still under construction at the time.
The $1.9 billion Sabah Ammonia-Urea
(Samur) facility has a capacity of 740,000
t/a of ammonia and 1.2 million t/a of urea.
Although the full cause of the accident is
not yet known, the five men were said to
have been releasing gas from a pipe when
there was an unexpectedly large release of
ammonia at high pressure. The two dead
men suffered severe burns and ammonia
inhalation. Another worker was admitted to
hospital; the other two men suffered minor
injuries and were given outpatient treat-
ment. The leak was brought under control
within an hour.

Chittagong tank rupture

Also in August 2016, an ammonia tank
explosion at the Di-Ammonium Phosphate
(DAP) Fertilizer Company Ltd at Chittagong,
Bangladesh led to 250 people being treated
for ammonia inhalation, but fortunately with-
out any fatalities. Fifty people were kept in
hospital overnight. The facility is owned by
the Bangladeshi government, via the Bang-
ladesh Chemical Industry Corp (BCIC), and
manufactured DAP in two trains with a com-
bined capacity of 1,600 t/d. The facility has
a 5,000 tonne ‘mother’ storage tank and
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The crater left by the Tianjin explosion, 2015.

two smaller 500 tonne tanks filled from this
main tank which in turn feed DAP produc-
tion. It appears to have been one of these
smaller storage tanks where the explosion
occurred, with 250 tonnes of ammonia
being present in the tank at the time. Fire-
fighters tried to dissolve the ammonia spill
using water, albeit reportedly hampered by
the inoperability of some fire hydrants follow-
ing the accident, and it took 11 hours before
the spill was completely cleared. Levels of
ammonia vapour concentration in excess
of the 500ppm ILDH (‘Immediate Danger to
Life or Health’) level were recorded shortly
after the beginning of the incident, and a
toxic plume browned vegetation and killed
fish in a pond beyond the factory perimeter.
It appears that a worse disaster may have
been averted by the wind direction carrying
the ammonia plume away from a built-up
area to the east of the factory and instead
spreading it to the northwest, towards the
Karnaphuli river and Patenga area in the port
city. Residents of the Naval Academy, Chit-
tagong airport, Chittagong port, Halishahar
and Agrabad reported an acrid smell and
were told to stay indoors.

An investigation by the local district
administration found a catalogue of man-
agement and maintenance failures which
contributed to the incident, according to
local press reports. The two pressure indi-
cator gauges on the tank had been inop-
erable for some time, and the condenser,
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safety valves and pressure vents were also
out of order. The investigation also said that
instead of skilled engineers, the reserve
tank was being operated by a group of lower
level employees who did not have any train-
ing. Local fire crews also lacked training and
experience in dealing with such scenarios.
The tank was built in 2006, by the China
National Complete Plant Import and Export
Corporation. It has been reported that there
had been corrosion leading to significant
thinning of the tank walls.

Revised EPA guidelines

In the wake of the ammonium nitrate
explosion at West, Texas in 2013, presi-
dent Obama ordered a review of US fed-
eral industrial safety regulations. So far,
the main revision has come to the Envi-
ronmental Protection Agency’s (EPA’s) Risk
Management Program (RMP). RMP covers
some 12,500 facilities that, according
to EPA, reported 1,500 accidents over a
10-year period. These incidents involved
nearly 60 deaths, 17,000 injuries, the
evacuation of 500,000 people, and prop-
erty damage of more than $2 billion.

The EPA has increased the frequency of
its inspection of ammonia systems via a
new National Enforcement Initiative which
began in October 2016, selecting enforce-
ment priorities based on identification of
“national environmental problems where
there is significant noncompliance... and
where federal enforcement efforts can
make a difference”. Changes to the RMP
include independent, third-party audits of
companies after an accident or near-acci-
dent and consideration of inherently safer
manufacturing approaches. There is also

greater coordination with the OSHA based
on a reasonable supposition that opera-
tors with poor worker safety are also likely
to be breaching environmental standards.
It would require regulated facilities to con-
duct root-cause analyses in the event of
any ‘near-miss’ release of hazardous sub-
stances such as ammonia or chlorine. In
addition, ‘non-responding’ facilities (i.e.,
those that currently rely upon local agen-
cies to respond to releases) would face
additional requirements and, in some cir-
cumstances, be required to develop their
own emergency response system.
However, the rule specifies that imple-
mentation of safer approaches may only
occur when ‘practical’, and its future
under the Trump administration remains in
doubt, as Trump’s new head of the EPA,
former Oklahoma Attorney General E. Scott
Pruitt, has opposed the RMP overhaul.

Tianjin explosion

November 2016 saw court sentences
handed down over the explosion which
devastated the Chinese port city of Tianjin,
killing 173 people in August 2015, includ-
ing 80 firefighters, and injuring 800 others.
Swiss Re insurers estimate that as well as
the loss of life and injury to persons, the
damage to property could amount to $2.5-
3.5 billion, making Tianjin the largest sin-
gle disaster in insurance terms in history
other than the World Trade Centre terrorist
attack in 2001.

The November sentencing saw jail terms
imposed for 49 people, including managers
and employees at Ruihai Logistics where the
blast took place, and 25 government officials.
The blast destroyed warehouses and nearby

residential buildings and shattered windows
up to 5 km away. The Tianjin No. 2 Interme-
diate People’s Court handed a suspended
death sentence to Ruihai Logistics chairman
Yu Xuewei, after finding him guilty of brib-
ing port administration officials with cash
and goods worth 157,500 yuan ($23,300)
for a hazardous chemicals license. Yu was
convicted of illegal storage of hazardous
materials, illegal business operations, caus-
ing incidents involving hazardous materials,
and bribery, and also ordered to pay a fine
of 700,000 yuan. His deputies and senior
colleagues at Ruihai Logistics were handed
jail terms ranging from 15 years to life impris-
onment, while lower-ranking employees were
given sentences of 3-10 years in prison. Tian-
jin Zhongbin Haisheng, a company that pro-
vided counterfeit safety evaluation papers to
Ruihai Logistics, was also named a respon-
sible party, and 11 of its employees jailed.

The investigation into the incident
said that the explosion was due to a fire,
started by nitrocellulose which had dried
out due to damaged packaging and self-
ignited. The fire then spread to other chem-
icals stored nearby, including flammable
liquids and solids, and several hundred
tonnes of ammonium nitrate being stored
nearby, which broke down and detonated.
Both chemicals were being stored without
the requisite safety license.

As Tianjin and the Chittagong ammo-
nia tank rupture have shown, promulga-
tion of safety regulations is one thing, but
effective enforcement can sometimes be
another thing altogether. However, as our
articles on pages 44, 48 and 51 in this
issue indicate, the industry can do much to
help itself by sharing experience and infor-
mation on process safety incidents. [ |
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UREA GRANULATION ADDITIVES

thyssenkrupp Fertilizer Technology (formerly Uhde Fertilizer Technology, UFT) has developed
a new formaldehyde-free urea granulation additive with a performance that is comparable or
superior to the benchmark urea formaldehyde and opens up new opportunities for extended
applications for the urea product. T. Krawezyk of thyssenkrupp Fertilizer Technology GmbH
discusses the health concerns around urea formaldehyde and reports on the development

of the new alternative additive.

or more than three decades, formal-

dehyde has been known as a sub-

stance that can potentially cause
cancer. Recent research confirms what
has been suspected by most of its users.
Over 80% of today’s urea production, which
exceeds 180 million t/a, is used as ferti-
lizer. This fertilizer grade urea, granules
and prills, is treated with formaldehyde,
mostly applied as urea-formaldehyde pre-
condensates (UF80, UF85).

An additive is needed in order to ensure
certain process parameters remain stable
over a long period of time, such as:
® controlled granule growth rate and lim-

ited dust formation during the produc-

tion process;
® good product quality (crushing strength,
dust and caking).
Although the formaldehyde is applied in the
form of a precondensate in which most of
the formaldehyde has already reacted with
urea to form methylol urea, it still contains
a substantial amount of free formaldehyde
(usually more than 23 wt-%). Therefore
extensive safety precautions are required
in order to make handling safe.

The discussions about the toxicity of for-
maldehyde, its carcinogenic and mutagenic
effect on humans and animals started in the
early 1980s. However, the recent report on
carcinogens released by the National Toxicol-
ogy Program (NTP) of the US department of
Health and Human Services in 2011 leaves
no doubt with respect to the causal relation-
ship between the exposure to formaldehyde
and cancer in humans. A vast number of
epidemiological studies have evaluated this
relationship, including cohort and case-con-
trol studies of different professional groups.

36 www.nitrogenandsyngas.com

In particular, the National Cancer Institute
(NCI) cohort of over 25,000 workers within
industries producing or using formaldehyde
indicates the coincidence between the
occupational exposure to formaldehyde and
nasopharyngea, sinonasal and lymphohe-
matopeotic cancer risk.

While in the past formaldehyde was
classified as “suspected of causing can-
cer”, the International Agency for Research
on Cancer (IARC) as part of the World
Health Organisation (WHO) changed the
classification of formaldehyde in 2011 to
“may cause cancer”.

The European Union has placed formal-
dehyde on the list of “substances of very
high concern”. These compounds have
been listed in the “substitute it now” list
(www.sinlist.org). The European Union
wants such compounds to be replaced as
soon as possible.

As a consequence of numerous studies
and the evidence of coincidence of cancer
and the exposure to formaldehyde, legal
authorities and dedicated organisations
have adapted their classification regard-
ing the carcinogenicity of formaldehyde.
Following the introduction of the GHS,
the globally harmonised system of clas-
sification and labelling of chemicals, and
its subsequent implementation within the
American OSHA and the European CLP,
there has been an even greater focus on
the hazards of formaldehyde.

Although the carcinogenicity of formal-
dehyde is evident, different examinations
also show that the carcinogenic effect
depends on the level of exposure in terms
of concentration and duration. In a study by
the German Institute for Risk Assesment
(Bundesinstitut fur Risikobewertung BfR),
it was concluded that at concentrations

Table 1: Permissible exposure limits as defined by different authorities

Specification mg/m3 (ppm)

USA (Occupational Safety and Health
Administration — OSHA)

PEL 0.92 (0.75)

EU / Germany (TRGS 900)

PEL

0.37 (0.3)

USA (National Institute for Occupational
Safety and Health — NIOSH)

REL

IDLH
CREL

0.02 (0.016)
(10h-TWA)

24.56 (20)
0.12 (0.1)

USA (American Conference of Governmental
Industrial Hygienists — ACGIH)

TWA: eight-hours time weighted average
REL: recommended exposure limit
CREL: ceiling recommended exposure limit
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TLV-C

PEL: permissible exposure limit

0.37 (0.3)

IDLH: immediately dangerous to life and health
TLV-C: threshold limit value ceiling
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Fig 1: Reaction scheme for the formation of urea
formaldehyde
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below 124 mg/Nm3 (0.1 ppm) the cancer
risk is negligible. Conversely, it can be
concluded, that a repeated, considerably
higher or prolonged exposure to formalde-
hyde may potentially cause cancer.

Formaldehyde can be detected by its
smell at concentrations of 0.07 to 0.12
ppm if the sensitivity for detection is not
reduced as a result of prolonged expo-
sure. This means that if formaldehyde is
detected by smell then the concentration
is already critical. Despite the difficulty of
finding an appropriate threshold value for
the exposure of a worker handling formal-
dehyde, the responsible authorities have
adjusted the permissible exposure limits
to accommodate the aforementioned find-
ings as shown in Table 1.

In addition to the harmful nature of for-
maldehyde itself, there is an additional,
often overlooked, limitation to the applica-
tion of urea-formaldehyde precondensates
for urea production. The formaldehyde
is produced via the catalytic oxidation of
methanol, therefore a certain amount of
methanol remains in the UF solution (e.g.
0.1-0.3 wt-% methanol). Methanol is a vol-
atile organic compound and will most likely
be released during the granulation process
contributing significantly to the amount of
VOC emissions emitted to the atmosphere
from the ammonia/urea complex. Local
authorities may request these VOC emis-
sions to be limited to very low levels.

In the past, the absence of an ade-
quate substitute and a partially ambiguous
classification of formaldehyde have limited
the efforts to find a substitute for formalde-
hyde in the fertilizer industry, but that has
now changed.
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Table 2: Comparison of product quality for urea granules treated
with urea formaldehyde versus thyssenkrupp Fertilizer

Technology’s alternative additive

Treated with
UFC (UF80)

Treated with
alternative additive

Total nitrogen, wt-%

> 46.2 > 46.2

Biuret content, wt-%

0.7-0.8 0.7-0.8

Formaldehyde, wt-&

0.4 0]

Alternative additive, wt-%

0] ~0.2

Moisture, wt-%

0.2-0.3 0.2-0.3

Crushing strength, kg

4.1 on @ 3.15 mm

>4.1 on & 3.15 mm

Caking tendency

same or less

Dust, %

same or less

Application

Effectiveness of a granulation
additive

Before elaborating the route to such an
alternative additive, it might be worthwhile to
have a closer look at how formaldehyde acts
as an additive within the fluidised bed urea
granulation process. Formaldehyde is both a
granulation aid, which plays a key role during
the granulation process itself, and an addi-
tive resulting in the desired product quality
parameters for transport and handling.

The mixing of urea with formaldehyde
results in a eutectic mixture. Although the
urea solution is completely mixable in lig-
uid state, there is an immiscibility of the
corresponding solid phases. At the eutec-
tic point the corresponding melting point
is the lowest possible within all possible
mixtures of urea and the additive and its
reaction products. The presence of such
a eutectic point leads to a liquid film on
the surface of the granule which ensures
proper pickup of the sprayed material.

Furthermore formaldehyde reacts with
urea to form methylol urea via polyconden-
sation (Fig. 1). The nucleophile addition of
the formaldehyde occurs at different loca-
tions which leads to a cross linking effect,
that makes up the backbone of the latter
granule. This gives the product the desired
crushing strength and reduces the amount
of abrasion dust.

Development of an alternative
additive

The starting point for thyssenkrupp Fer-
tilizer Technology’s efforts to develop an
alternative additive was the collaboration
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fertilizer fertilizer, DeNOX,

technical, cattle feed

with a well-known and experienced special-
ist in the field of fertilizer additives: Hol-
land Novochem. At first, different agents
were tested on a lab scale with respect to
their ability to act as a granulation addi-
tive for urea fluidised bed granulation.
Only components which are not harmful
to health or the environment were chosen.

After identifying the potential specific
effects of the different agents with regard to
the desired product properties (e.g. particle
growth, dust, hardness), different compo-
nents and mixtures were tested in thyssen-
krupp Fertilizer Technology’s batch operated
pilot plant located in Leuna. With the data
from the pilot plant trials it was possible to
generate a database to carry out product
design for the alternative additives in terms
of the desired urea product quality.

Much lower dose of additive with much
higher effect

In a second campaign the potential additive
compositions were applied in different com-
binations and dosages and benchmarked
against urea formaldehyde. As a result, an
alternative additive has been found which is
at least as effective as urea formaldehyde.
thyssenkrupp Fertilizer Technology’s
newly developed alternative is composed
of different functional polymers in combi-
nation with a carboxylic acid. All of these
agents are much less toxic (non-hazardous)
and all of them have several FDA (Food and
Drug Administration) approvals for direct
and/or indirect food contact. The functional
polymers are generally exempted from the
European REACH programme due to their
polymeric nature. The carboxylic acid is
classified as a non-hazardous substance.
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UREA GRANULATION ADDITIVES

Table 3: Requirements for automotive grade urea and values achieved with
thyssenkrupp Fertilizer Technology’s new alternative additive

Minimum

Maximum Alternative additive

Urea content, wt-%

31.8

3812 32:5

Density at 20°C, g/cm3

1.0870

1.0930 1.0903

Refracting at 20°C

1.3814

1.3843 1.3828

Alkalinity as NH3, %

0.2 0.2

Biuret, %

0.3 <0.3

Aldehyde, mg/kg

5 <5

Insolubles, mg/kg

20

Phosphate (PO,), mg/kg

0.8

Ca, Fe, mg/kg

0.5

Cu, Zn, Cr, Ni, Al, mg/kg

0.2

Mg, Na, K, mg/kg

0.5

Fig 3: Benefits of granules with extended application range

Same base additive
for fertilizer grade or
DeNOx (or other)
grade product.

No additional
tanks or
provisions for
DEF preparation.

UREA SYNTHESIS UREA GRANULATION

The required dosage of the alterna-
tive additive that is necessary in order to
achieve at least comparable product qual-
ity, as well as the same process parame-
ters, is less than half that of formaldehyde.
As shown in Table 2, the new alternative
additive formulations are able to produce
a granular urea product which shows at
least the same product quality as is pos-
sible with urea formaldehyde. Furthermore,
this product opens up additional fields of
application not limited to fertilizer use.

Extended range of application

Fertilizer grade urea demand is steadily
growing due to the fact that there is con-
tinual growth of the world’s population
and its standard of living (change in diet
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Single point for
storage of fertilizer and

technical grade.
Only 32.5% of storage

capacity necessary
with respect to liquid
DEF product.
V

Only 32.5%
of transport
tonnage.

L =

TRANSPORT

UREA STORAGE

towards more meat). However, there is an
even higher increase in the demand for non-
fertilizer grade urea. IFA forecasts that non-
fertilizer demand will account for almost half
of the net increase of global urea demand,
due to the increased usage for UF resins
and DeNOx applications (see Fig. 2).

Due to stricter regulations concerning
the emission figures for nitrogen oxides
in all kinds of diesel engines the demand
for diesel exhaust fluid (DEF), also known
as AdBlue®, has exploded in recent years.
The annual production of DEF used as a
consumable for the selective catalytic
reduction of nitrogen oxides accounts for
approximately 2.3 million tonnes of urea.
Its contribution to the global urea produc-
tion in 2020 is estimated to be more than
4 million tonnes.
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Fig 2: Estimated development of
future urea demand
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Currently the price for DEF solution on
the US market is about $2.80 per gallon,
which can be converted into a urea price
of more than $2,000 per tonne assuming
that the costs for deionised water can be
neglected. In other words, the revenue for
virtually the same product is ten times the
revenue of a regular fertilizer product.

Product quality is the key for producers
of fertilizer grade urea wishing to enter the
DEF market. In order to comply with the
requirements for urea as a raw material
for DEF, the composition of the solid mate-
rial dissolved in deionised water must fulfil
the requirements of the norms ISO 22241
or DIN 70070. Ultimately all impurities or
contaminants in the solid material will be
present in the final DEF solution. Primarily,
the main obstacle which producers have to
overcome is to produce a product containing
no more than 5 ppm of aldehydes. thyssen-
krupp Fertilizer Technology’s new alternative
additive overcomes this challenge because
it does not contain any aldehydes. Table 3
compares the urea product requirements for
automotive grade with the results of granu-
lar urea product obtained by the application
of the alternative additive.

Why deliver DEF in solid form?

Another major advantage of the production
of DEF in its most reduced form, namely as
a DEF compliant solid, which includes all
benefits of a granular product with respect
to the mechanical properties, is that the
supply chain can be reduced to a minimum.
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Fig 4: Production costs for DEF via
granular urea and DEF solution

120% —

operational costs, %

application ready
DEF solution

granular
DEF urea

@ urea solution
granulation
@ transport

@ storage
dissolving

The application of the alternative addi-
tive is carried out by simple substitution of
the content of the urea formaldehyde tank.
As illustrated by Fig. 3 no additional equip-
ment nor any other mechanical modifica-
tion to an existing plant is necessary. In
addition, there is no need for provisions
e.g. tanks, piping, or instrumentation etc.
for the production of DEF solution. In com-
parison to application ready DEF solution
only a third of the tonnage needs to be
stored and transported.

The final dissolving of the urea in
deionised water poses the only minor
additional step within the supply chain.
During the Integer Emission Summit &
DEF Forum in 2013 the feasibility of the
route via a solid distribution has been
evaluated and found to be the most cost
effective. The costs for blending DEF from
dry urea were mentioned to be very low
and amounting to the range of 5 to 7 US
cents per gallon.

Fig. 4 shows a comparison of the rela-
tive production costs for DEF starting from
the urea synthesis normed to the cost for
the preparation via DEF compliant granules.
Obviously the difference in costs is directly

UREA GRANULATION ADDITIVES

related to the transport distance between
production and final consumption.

Summary and outlook

The perception of formaldehyde has
changed and the need for its substitution
is stronger than ever. Producers of urea
already face difficulties securing formalde-
hyde supplies, due to limitations caused
by stricter regulations. Furthermore stud-
ies and national and global regulations
unambiguously confirm that the banning of
formaldehyde will turn a urea plant into a
much healthier working place for operators.
thyssenkrupp Fertilizer Technology’s newly
developed alternative additive provides
urea granulation plants with an alternative
to formaldehyde. In addition, it offers added
value with urea product applications far
beyond fertilizer applications, thus giving
more flexibility to urea fertilizer producers.
The envisaged next step is the industrial
application of the alternative additive,
which is carried out by means of a simple
refill of an existing urea formaldehyde tank
with the alternative additive that is harm-
less to humans and the environment. M

We're vused to
working under

SBN specializes in high-pressure vessels for

the nitrogen fertilizer industry, in particular ammonia

synthesis equipment, which is exposed to demanding

process temperatures and pressures.

We design and build customized converter

shells, heat exchangers and waste heat boilers, etc., for
all commonly used processes. Converter shells are
designed and built preferably in multilayer technology.
We are proud that our skilled craftsmen in combination
with up-to-date technology perfectly handle the
challenges of the ever increasing size of the equipment,
the requirements of new materials or the specified heat
treatment of the complete apparatus.

That gives our customers a true single-
source supplier of highly reliable equipment that
precisely conforms to specification.

So for your next ammonia project, why not

ask our specialists “advice?

0 9001

Schoeller-Bleckmann Nitec, Hauptstrasse 2, A-2630 Ternitz, P: +43/2630/319-0, F: +43/2630/319-19, E: sbn@christof-group.com, I: www.christof-group.com

@ SBN
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UREA FINISHING TECHNOLOGY

L. Postma and M. Gori of Stamicarbon present a novel finishing concept that eliminates dust
and ammonia emissions, dramatically reduces utility consumption, halves the biuret content
and allows flexibility in size and form of the final urea product.

tamicarbon has an innovation

programme in place that aims at

facilitating the development of
innovations in the field of fertilizers. Urea
finishing is one of the key areas. Stami-
carbon has already brought a number of
innovations that boosted urea finishing
operability, reduced operating expenses
and cut dust and ammonia emissions
down to levels that can be hardly meas-
ured, and many other ideas are in the
pipeline.

Alternatives to formaldehyde: Alterna-
tives are available but the arguments for
it may sometimes be regarded as biased
and subject to economical and market-
ing drives rather than to environmental or
health concerns, the Ilatter of which can
be mitigated when taking proper care. An
example may be found in the particleboard
industry, where stringent regulations have
pushed down the level of formaldehyde
emissions to substantially lower levels
than seen in common pinewood plank
releases.

Dust: Emissions are a typical problem
of all current urea finishing technologies.
Stamicarbon is now at around 5 ppm. Do
we need to do more?

Operability: Stamicarbon’s granulation
already features intervals between clean-
ing that are already three times those of
the competition.

Purity: Biuret is sometimes regarded as
an issue in both prilled and granulated prod-
ucts, but there is little that can be done, as it
is brought by the chemistry of the urea reac-
tions in the evaporation section. We know
the chemistry, but we cannot change it.

So, we have to realise an important
truth — prilling and granulation are mature
technologies that can only be improved by
small incremental innovations.
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Dry finishing

Stamicarbon believes that the current
urea finishing technologies have reached
a situation similar to that of conventional
urea melt technology back in the 1960s.
Any incremental innovation will not change
the essence of the technologies, nor will it
dramatically reduce opex or capex. At the
same time they may increase the complex-
ity of the installations.

Stamicarbon’s approach in similar
situations has always been to wipe out
the whiteboard and think out of the box
starting from essential thermodynamics
and chemistry. Stamicarbon did so in the
1960s, when it introduced the CO, strip-
ping concept, a design entailing dramatic
simplification of the urea process and a
huge step forward in the reduction of
steam consumption.

Now it is probably happening again, this
time in finishing. Stamicarbon has devel-
oped a novel finishing concept that gets rid
of dust and ammonia emissions, dramati-
cally reduces utility consumption, halves
the biuret content and allows flexibility in
size and form of the final product by intro-
ducing the dry finishing technology.

The principle

In traditional urea finishing units (granula-
tion and prilling), urea melt is crystallised
and cooled by means of large volumes of
(ambient) air. When vented, that air car-
ries a significant amount of urea dust and
ammonia. To conform to contemporary
emission limits, the exhaust air must be
cleaned. That requires a rather large air
purification system, which consumes a
large amount of power. Stamicarbon has
now developed a method of producing a
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solid urea product which does not need
these large amounts of cooling air and the
corresponding cleaning systems.

The theory
The basis for the new urea solidification
concept lies in the phase behaviour of the
urea-water system, see Fig. 1, where: S
denotes solid urea and solid water, com-
positions below the eutectic temperature
(-11.6°C); L+S (H,0) denotes liquid urea
and solid water (ice); L+S (urea) denotes
liquid water and solid urea; L denotes lig-
uid urea and water and L+G (H,0) denotes
liquid urea and gaseous water (steam).
Fig. 2 shows how the phase diagram
develops when plotted for decreasing pres-
sures. Lowering the pressure makes the
L+G — L line move down. If the pressure
is decreased below a certain threshold,
the diagram changes, and over a certain
temperature region no liquid is present at
any given composition. In this region urea

Fig 1: Phase diagram for urea-water
at 1 bar
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Fig 2: Phase diagrams for urea-water at different pressures
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is present as pure solid and water as pure
vapour (steam).

This behaviour of the urea water mix-
ture can be used to separate water and
urea by flashing a liquid urea-water mix-
ture at a pressure below a certain thresh-
old. According to the phase diagram, two
phases will form: solid urea and water
vapour. The lower the pressure, the wider
will be the temperature range over which
solid urea and water vapour occur.

If the flashing is done under adiabatic
conditions, the heat balance will determine
the temperature of the formed urea solid
and steam at a given water concentration of
the initial urea-water mixture. When a urea-
water mixture is flashed at a pressure lower
than the aforementioned threshold, all of its
urea content will crystallise (releasing heat)

Fig 3: Schematic diagram of the
experimental setup

water
injection
vessel

vacuum
pumps

mixing B )

vessel

condenser

nozzle
flash

urea - waterT - X

lower pressure

temperature, °C

20 40 60 80 100

water concentration, wt-% urea

and all of the water it contains will evapo-
rate (consuming heat), whatever the initial
concentration of the solution. From this it
is clear that the concentration of the urea
solution subjected to flashing is an impor-
tant parameter controlling the process in
the given S+G phase region. The heat and
mass balance show that the urea solution
only needs to be pre-concentrated to obtain
solid urea crystals at a practical rate and
thus only a mild degree of preliminary evapo-
ration is needed.

Thus, the urea solution at the inlet of
the sub-atmospheric flash will have only a
low biuret content, and when the solution is
flashed under reduced pressure, the crystal-
lisation/evaporation process will take place
almost instantly, so any increase in biuret
content at this stage is negligible.

Fig 4: Particle size distribution analysis

X,, = 32.36 um
X,, = 43.89 um

X5, = 138.63 pm
X,, = 455.21 um

100

Xgo = 523.24 pm
Xgo = 43.89 um

UREA FINISHING TECHNOLOGY

Could this behaviour be used in a com-
mercial urea plant as the basis of a urea
finishing technology which does not use
air for cooling? Such a technology would
reduce the losses from the finishing sec-
tion to practically zero and would not
require large and power-hungry cleaning
steps such as (acidic) dust scrubbing. A
further benefit would be the expected low
biuret content of the solid urea product. To
produce urea fertilizer using this method
would necessitate a shaping step down-
stream of the dry flashing step to provide
urea in a shape suitable for the fertilizer
market.

Experiments

To develop the process, experiments were
carried out to characterise the product
produced by dry flashing and to deter-
mine how to control this process step. In
a bench-scale setup (Fig. 3), batches of
urea solution were prepared and flashed
in a 100-litre vessel under controlled sub-
atmospheric pressure conditions. The
solution was prepared by introducing a
predetermined weight of solid urea into a
mixing vessel, which is heated via the jack-
eted vessel wall, and injecting the required
amount of water. The urea solution was
introduced into the flash vessel through a
spraying nozzle. In this test the produced
urea solid product was characterised at
different process conditions (e.g. varying
spraying nozzle, water concentration etc.).

The formed urea solid was analysed
for water content, particle size distribu-
tion and biuret content. The particle size

SMD = 70.09 um VMD = 218.04 um
S,=0.09 m’/cm3? S_=856.10 cm?/g
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UREA FINISHING TECHNOLOGY

Fig. 5: Solid urea from a flash experiment.

distribution and appearance of the solid
urea produced are shown in Figs 4 and
5. The average particle size (d50) of the
formed solid urea is in the order of magni-
tude of 100-150 pm.

The water content measured in the
formed solid urea is always well below 0.3
wt-%. The inlet concentration, controlled by
adjusting the pressure and temperature
in the evaporator, and the pressure in the
dry flash vessel determine the quality and
temperature of the formed solid urea. The
nozzle type and size are chosen to yield the
required large average urea particle size,
which is important in controlling the amount
of solids entrained in the vapour leaving the
flash vessel.

Process design

Based on those experiments, a design was
worked up for the dry flashing process, as
illustrated in Fig. 6.

In this process urea solution from the
urea solution tank, containing typically
about 78 wt-% water, is concentrated to
the desired extent in a (classical) pres-
sure- and temperature-controlled evapora-
tor. The urea solution from the evaporation
step is introduced into the flash vessel,
where the pressure is kept at a sufficiently
low sub-atmospheric pressure by means
of a dedicated vacuum system. The solid
urea formed is extracted from the flash
vessel through a vacuum lock and is trans-
ported away for further processing.

The vacuum in the flash vessel is cre-
ated by a combination of a contact con-
denser and ejectors and condensers
(typical equipment for a urea plant). The
purpose of the contact condenser is to deal
with urea particles entrained in the water
vapour leaving the flash vessel overhead.
The overhead vapours from both vacuum
systems (evaporator and dry-flash vessel)
are combined and processed in the atmos-
pheric absorber in the urea melt plant.
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Fig 6: Process flow diagram of dry flash finishing

to vacuum
system

LP steam }

4

urea
solution

to atmospheric
absorber

barometric
condenser

tank

% shaping

final product

Q_0O

&

Fig 7: Dry flash process for DEF production
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Dry flash for production of DEF (AdBlue®)

The dry flashing process produces low-
biuret content urea particles that are
perfect for producing diesel engine fluid
(DEF), which is a 32.5 wt-% solution of
urea in water, for the automotive industry.
The advantage of such a process is that a
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barometric
dry condenser

and absorber

Scw

A

—>
to urea solution tank

mixing/conditioning DEF at reseller site

u urea solid bin

DEF mixing and
conditioning

DEF tank

solid urea product is produced which can
be transported to the DEF reseller or distri-
bution centre without transporting a huge
amount of water. In the DEF distribution
centre the urea is dissolved at the concen-
tration needed to be used as DEF product.
The production of solid urea product for
DEF application is illustrated in Fig. 7.
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Fig. 8: Urea super granules.

Dry flash for production of urea super
granules (guti)

In some areas farmers use large-sized urea
‘super granules’ also known as guti urea (Fig.
8). These are currently produced by crushing
urea prills and compacting the fragments.

The super granule has a slow release
effect, which makes the urea fertilizer
more efficient.

Guti production can be made more
cost-effective with dry flashing, as the prill-
ing and crushing steps are dispensed with
(see Fig. 9). The super granules also have
a lower biuret content than those produced
from crushed prills.

The shaping unit for the super granules
is a compacting machine in which urea pow-
der is compressed into a chosen shape. A
typical compactor is shown in Fig. 10.

The future of finishing

The simple process flow diagrams presented
in this article demonstrate the simplicity of
the dry flashing technology with respect to
conventional granulation. Low capex goes
quite well with simplicity and indeed the
investment for a full scale plant is expected
to be just a fraction of the investment for a
granulation plant. Add to this low utility con-
sumptions, no emissions and significantly
higher product quality because of low biu-
ret, and it becomes clear why Stamicarbon
believes that dry finishing may revolutionise
the world of fertilizers.

Indeed, the ultimate goal is to produce
fertilizer-grade urea with this dry flashing
technology. The produced urea should
be of comparable or superior quality with
respect to the currently available granu-
lated product in terms of caking tendency,
crushing strength, composition, etc. On
top of that, the fertilizer-grade urea prod-
uct should be produced in sufficiently high
quantities per production unit.

The urea solidification section is part of
the traditional urea ‘melt’ plant and the solid
finishing is limited to the shaping of the solid
urea product into a form that is comparable
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Fig 9: Dry flash process for production of super granules
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Fig. 10: Compacting equipment for production of super granules.

to currently available prills and granules. The
urea finishing process thus comprises only
the shaping step and needs no cleaning
steps in order to minimize emissions.

Experiments are in progress to develop
a shaping process for urea product for bulk
fertilizer application and it is expected that
such a new urea finishing process for large
industrial-scale fertilizer application will be
launched to the market at the end of 2018.
Stamicarbon welcomes the cooperation of
fertilizer producing companies on this revo-
lutionary advance in technology.

Conclusions

@ Dry flashing opens up the possibility of a
zero-emission (dust and ammonia) finish-
ing technology for fertilizer-grade urea.
The product of the dry flashing technology
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can already be used for the production
of DEF (AdBlue®) and other applications
such as super granules (guti).

The dry flashing technology is perfectly
suited for expanding the capacity of
urea plants where the existing finish-
ing section is loaded to its maximum
or emission legislation does not allow
further capacity expansion.

Dry-flashed urea contains very low con-
centrations of biuret, allowing it to be
used in other applications besides ordi-
nary fertilizer.

Dry flashing will reduce capex required
to produce urea

Dry flashing will open up new possi-
bilities because it becomes possible to
tailor the shape, size and properties of
urea particles in accordance to all the
specific requirements. [ |

www.nitrogenandsyngas.com 43

Insight



http://www.bcinsight.com

AMMONIA PROCESS SAFETY

Steam turbine compressor trains represent critical process bottlenecks for the ammonia industry.
Mark Jackson and Stephen McGhehey of FM Global discuss loss prevention engineering solutions as
part of a successful risk management strategy to reduce the frequency and severity of a breakdown.

otating equipment in the ammonia

industry creates critical process bot-

tleneck exposures which impact the
availability and continuity of operations. A
compressor and/or driver (steam turbine,
gas turbine, motor) breakdown can result
in a production shutdown with extended
downtime until the equipment is repaired
or replaced and put back into service. This
rotating equipment includes synthesis gas,
ammonia, air and refrigeration compressor
trains. A breakdown of these compressor
trains can also result in a loss of contain-
ment and release of oil and/or process
gases, resulting in a fire and/or explosion,
damaging the equipment and building,
including adjacent compressor trains. This
exposure can be mitigated through a combi-
nation of effective asset integrity programs
including: condition and performance moni-
toring to reduce the frequency of a break-
down; adequate safety devices to monitor
equipment and alarm and/or trip to reduce
the severity of operating conditions outside
the equipment and process integrity operat-
ing windows; operators fully trained to stand-
ard and emergency operating procedures;
viable equipment contingency planning and
sparing to reduce the breakdown severity;
and adequate sprinkler protection to control
the fire due to loss of containment.

The effectiveness of these loss preven-
tion solutions to reduce the impact of a
breakdown to maintain plant availability,
reliability and resilience is demonstrated
by loss history.

Loss history

FM Global and industry loss history dem-
onstrates that steam turbine compressor
train breakdowns can result in significant
business interruption with the potential for
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loss of containment resulting in a fire. The
following loss example and loss history
illustrates this trend.

A 1,600 t/d ammonia plant suffers
loss production for nine months due to a
mechanical breakdown of the synthesis gas
steam turbine driven compressor result-
ing in a lube oil fire. The compressor train
(22 MW) had a mechanical breakdown of
a geared coupling between steam turbine
stages (intermediate and high pressure) due
to loss of lubrication. The geared coupling
failed catastrophically, severing the lube oil
lines. The intermediate steam turbine went
into an overspeed condition. The overspeed
protection system tripped the turbine. The
released lube oil ignited after contact with
the hot steam turbine surfaces, resulting in
a large, three-dimensional fire that spread
from the operating floor down to the base-
ment, where a pool fire formed. The fire con-
tinued to burn out of control for 35 minutes
as the lube oil pumps continued to oper-
ate, feeding fuel to the fire. By the time the
pumps were manually shutdown, the entire
oil holdup in the main lube oil tank (10,000
litres/2,641 gallons) was consumed in the
fire. The compressor trains received lube oil
from a common, single lube oil system.

Physical damage was sustained to
the steam turbine, compressor, building
structure and roof, electrical switchgear
and associated support systems. There
was no sprinkler protection on the synthe-
sis compressor train or the adjacent trains
in the compressor building. There was
sprinkler protection around the lube oil
skid, which had to be manually tripped as it
did not operate. The critical path for restor-
ing operations was inspection and repair
of the compressor train which had to be
shipped out for repairs. Adjacent compres-
sor trains required inspections for damage.
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Dedicated lube oil skids for each com-
pressor train reduce the single point of
failure exposure created by a single lube
oil system for multiple trains. The ability
to remotely isolate lube oil systems in the
event of a fire reduces the fire exposure
present by shutting off the fuel source.
The gross loss was $136,000,000 (property
damage and business interruption).

An analysis of FM Global’s compres-
sor loss history from a recent ten-year
study showed the fertilizer industry repre-
sented 10% of the loss frequency (number
of losses) and 34% of the gross loss
severity (property damage and business
interruption).

Mechanical breakdown was the lead-
ing loss driver with over 50% of the loss
frequency. From these losses, over 32%
resulted in a fire following due to the
release of lube oil and/or process gas.

An analysis of FM Global’'s steam turbine
loss history from a recent ten-year study
showed the fertilizer industry represented 1%
of the loss frequency and 11% of the loss
severity. Mechanical breakdown was the lead-
ing loss driver according to this loss history.

Process hazards
Elements of process safety are leveraged
to mitigate rotating equipment hazards.
Process knowledge determines equip-
ment design, integrity operating windows,
damage mechanisms, failure modes and
safety devices. Process hazard analysis is
performed to identify, evaluate and control
process risks, including risks from normal
and emergency operating modes.

Key hazards of the steam turbine com-
pressor train include:
® surge, vibration and thrust;
® misalignment;
@ loss of lubrication/rub;
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temperature /pressure excursions;
corrosion/erosion/fouling;
fatigue/stress;

overspeed.

Equipment protection

Safety devices to trip dynamic compres-
sors based on equipment manufacturer
and industry standards can include the fol-
lowing protective functions:
® surge;
® high differential pressure across pro-
cess gas inlet filter;
® low process gas intake pressure at
each stage;
high discharge temperature from each
stage and/or compressor;
high vibration;
high temperature in thrust bearings
pads or high axial deflection (reduced
thrust-bearing clearance);
high temperature at bearing oil drain or
in journal bearing metal;
low lube-oil pressure at lubricated
equipment bearing;
high oil temperature leaving oil cooler
(to bearings);
low level for each seal-oil overhead tank
or low seal oil differential pressure for
each seal oil level.

Safety devices to trip steam turbines based
on equipment manufacturer and industry
standards include the following protective
functions:
® overspeed;
@ thrust and journal bearing axial/radial
position;
@ thrust and journal bearing high temper-
ature;
low oil pressure — emergency lube oil
pump;
low oil level in the tank;
high temperature in thrust and journal
bearings;
high and high-high boiler drum water
levels;
® condenser low vacuum.

Asset integrity

The asset integrity program plays a crucial
role in ensuring rotating equipment integ-
rity and reliability throughout the life cycle.
Effective asset integrity programs verify that
the equipment and associated systems are
adequately designed, installed, operated,
maintained and protected for the intended
service. Damage mechanisms and failure
modes the equipment can experience
throughout the life cycle are identified.
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The inspection, testing and mainte-
nance program at the core of asset integ-
rity is developed to detect and evaluate the
anticipated damage mechanisms. Condi-
tion and performance monitoring combined
with trended inspection data are analysed.
Fitness for service and remaining life are
evaluated as the equipment is service aged.

Key elements of the inspection, testing
and maintenance program include but are
not limited to the following;:
safety devices/protection systems;
surge systems;
vibration;
instrumental /controls;
lube oil/seal oil/control oil systems;
stationary and rotating elements;
shafts/couplings/bearings;
steam turbine overspeed system;
steam admission and extraction/non-
return valves;
intercoolers/aftercoolers;
stator guide vanes (axial);
control/isolation valves;
piping systems;
installation/mounting.

Surge protection systems, including anti-
surge/control, bypass, bleed/vent valves
and associated controllers are recom-
mended for inspection and testing every
two years. This time-based interval should
be evaluated based on operating data
including condition monitoring results,
operating history, process parameters and
equipment manufacturer recommended
practices. Annual calibration of instrumen-
tation, including pressure/temperature
transmitters is recommended.

Lube oil system pumps are recom-
mended for testing quarterly. Systems with
a separate emergency lube oil pump should
be tested in accordance with the equipment
manufacturer’'s recommendations based on
the system configuration, but at least quar-
terly. As part of this testing, pump operation
is confirmed by checking the outlet pres-
sure, motor amperage or other means as
appropriate. Pressure sensors and low level
alarms in the reservoir require testing and
calibration in accordance with the equip-
ment manufacturer’'s recommendations
at least annually. Where a pressurised or
gravity-type rundown tank(s) is used to sup-
ply emergency lube oil, tank low-level alarms
should be tested at least annually.

For steam turbine overspeed protec-
tion systems, electronic systems have a
higher degree of reliability as compared
to mechanical bolt systems. Depending
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on service aging, operating conditions
and maintenance history, mechanical bolt
systems can be more susceptible to not
functioning as designed. Part of the risk
reduction strategy for this equipment
includes evaluating upgrading mechanical
bolt systems to electronic.

Electronic overspeed systems are rec-
ommended to be tested annually by a
simulated test. For mechanical bolt over-
speed systems, annual functional testing
is recommended. Given the potential haz-
ards with shutting the process down and
decoupling the steam turbine from the com-
pressor to conduct a functional overspeed
test for mechanical bolt systems, including
stresses on the turbine impacting remain-
ing life, condition-based solutions are
recommended to be fully implemented to
reduce the risk. This includes: compressor
train safety devices are installed, main-
tained and functioning properly; condition
and performance monitoring with results
trended to demonstrate operations are
within the equipment/process integrity
operating windows; favourable operating
history, conditions and environment; asset
integrity programs with acceptable inspec-
tion, testing and maintenance results
trended over the equipment life cycle;
trained operators to documented stand-
ard and emergency operating procedures;
contingency planning and sparing for key
components. Upgrading mechanical bolt
systems to an electronic overspeed system
based on a redundant, fail-safe 2003 voting
logic design will improve reliability.

Exercising of steam admission valves
(i.e. throttle trip valves) and non-return
valves (where so equipped for exercising)
verifies operational integrity of these safety
devices. WeekKly exercising is recommended,
considering condition monitoring results.

Dismantling, inspecting and refurbishing
of steam turbine emergency stop (steam
shut-off) valves, governor (throttle) valves,
and steam extraction line non-return valves
is recommended on a five-year interval, or
as necessary based on historical valve oper-
ation and operating conditions/results from
the condition and performance monitoring.

Steam turbine and compressor disman-
tle inspections for time-based programs
are as recommended by the equipment
manufacturer. Time based intervals of
seven years are recommended (or equiv-
alent operating data). Condition and
performance monitoring results require
evaluation to fully assess dismantle
inspection scope and intervals.
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Condition and performance monitoring
As part of the asset integrity program, con-
dition and performance monitoring evalu-
ates process parameters as compared to
the equipment manufacturer’s guidelines.
By detecting and trending deficiencies as
they occur, degradation that can lead to
adverse operating conditions and break-
downs can be prevented.

Monitoring typically includes operat-
ing conditions such as starts/stops, load,
capacity and efficiencies. Pressures, tem-
peratures, gas composition, power, lube oil/
seal oil, steam temperature, pressure, flow
and purity are trended. Flows and speeds
(corrected for inlet temperature and pres-
sure) and pressure ratios should be plotted
on the compressor map with surge margins
trended. Steam turbine thermal performance
and steam path conditions can identify the
factors contributing to deterioration. Fixed
vibration instrumentation measurements at
critical points on the compressor train and/
or manual readings are taken and trended
to develop a vibration signature for the train.

Operators

Operators with adequate system and equip-
ment knowledge who are well-trained to
established standard and emergency oper-
ating procedures can significantly reduce the
frequency and severity of rotating equipment
breakdowns. An effective training programme
will help ensure operators are adequately
trained to reduce the potential for errors to
occur in response to normal and/or emer-
gency/upset conditions. As demonstrated by
loss history, operator competency and the
actions they take are critical to ensuring the
safe operation of equipment and processes.
Operator actions can make the difference
between minor and major damage to equip-
ment resulting in the shutdown of operations
and significant business interruption.

Equipment contingency planning and
sparing

The ability to recover from an unplanned
outage of rotating equipment and restore
operations is vital to maintaining the resil-
ience of site processes. As demonstrated
by loss history, viable equipment contin-
gency planning and sparing can reduce
production downtime in the event of a
breakdown. The scope of sparing as part
of the plan can include complete spares,
(on or off site), critical spare parts (on or off
site), and/or built in redundancy. In order to
be considered viable, spares require proper
storage and maintenance as part of the
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asset integrity program to ensure viability
and availability of the spares when needed.

Fire hazard analysis

Given the exposure created by loss of con-
tainment in the event of a rotating equip-
ment breakdown and release of oil and/
or flammable gases, part of the solution to
mitigate this hazard is to conduct an oil fire
hazard assessment (OFHA) to assess the
risk. The OFHA evaluates the compressor
train oil fire/flammable gas fire hazard. An
OFHA is a detailed engineering review of the
oil systems, building/construction features,
potential release, fire scenarios, correspond-
ing fire protection and emergency response
planning to mitigate the hazard, case by
case. This approach can be leveraged during
initial design of new facilities as well as for
the evaluation of existing installations.

Fire hazards

Several distinct fire hazards with differ-
ent attributes expose compressor trains.
These hazards, in combination with differ-
ences in types of equipment, construction
features and potential fire areas present
unique equipment damage potentials,
downtime consequences and fire hazard
exposure and protection challenges.

To understand the oil fire hazard and
develop solutions, a comprehensive series
of tests were conducted at the FM Global
Research Campus. A mock turbine pedes-
tal and lube oil tank skid were constructed.
Spray, three-dimensional and pool oil fire
scenario tests were performed utilising
a range of sprinkler protection design
options and oil flow rates to determine the
best solutions for the risk.

Oil spray fire — Potential for oil spray
fires from high pressure lube, control, or
seal oil systems exist for most compressor
trains. Although oil spray fires can develop
at pressures as low as 20 to 30 psig (137
to 207 kPag), FM Global uses 50 psig (345
kPag) as the lower threshold for spray fire
potential. Typically, the control oil pressure
for a compressor train is well above 50 psig
(345 kPag), presenting a spray fire potential.
Lube oil pressures are typically lower and
may not present a spray fire potential. Oil
spray fires are the most intense and difficult
to control of all the types of oil fires (Fig. 1).

Three-dimensional oil spill fire — Three-
dimensional spill fire hazards (oil falling
through the air while burning) exist from the
oil piping systems. Oil not consumed in this
fire can collect at the floor level forming a
pool fire (Fig. 2)
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Fig. 1: Oil spray fire test.

Fig. 2: Three-dimensional oil spill fire test.

Fig. 3: Oil pool fire test.

Oil pool fire — Oil leakage from piping,
tanks, or compressor train collecting on
the ground or operating floor presents a
pool fire potential. Pool fire areas are
defined by the boundaries of any contain-
ment features (Fig. 3).

This testing found that deluge sprinkler
systems can be effective in controlling
spray fires and in controlling or extinguish-
ing oil pool fires.

Synthesis gas jet fire — There is a poten-
tial for this flammable gas to leak at high pres-
sure from the process piping system and/or
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compressor. Ignition is relatively easy,
resulting from self-ignition as well as static
discharge, sparking, friction, and other low
energy ignition sources. The jet flame can
extend for many metres depending on the
pressure and characteristics of the opening.

Synthesis gas explosion — Delayed igni-
tion of a syngas release inside of a building
can result in an explosion. Extinguishing a
syngas fire without stopping the gas flow
may create a building explosion.

Emergency shutdown procedure during
a fire

The single most important emergency
procedure during a compressor train fire
is to promptly shut off the fuel source.
Emergency shutdown procedures should
address both syngas and all oil sources.
Shut down initiating controls should be
remote from the compressor train fire
areas. Arrangements where controls for
lube oil pumps are only located in com-
pressor buildings is not recommended, as
the buildings may not be accessible during
a fire scenario.

Common rundown times for steam
turbine driven compressors can be only a
few minutes depending on the equipment
design. Soon after oil pumps are turned off
the spray fire will decrease in intensity as
the oil pressure decreases. Once a spray
fire dies out from lack of pressure the fire
may continue as a three-dimensional spill
fire. This fire can be fed from oil in piping
and any rundown tank(s). A pool fire will
exist after oil spillage stops until the pool
burns out, is drained and/or extinguished.

The type of seals (dry vs. wet) impacts
the emergency shutdown procedure.
Machines with wet seals must have the sys-
tem in service longer until the syngas loop
is depressurised. Use of dry seals allows for
quicker shutdown of the lube oil system.

Training and drills for personnel to doc-
ument emergency shutdown procedures
are recommended.

Detection

Heat detection is the least expensive and
most reliable form of fire detection for a
compressor building or train. Spot or line
type detector systems are typically used.
UV/IR flame detectors are also common.
These detect a fire much quicker but are
limited to line of sight, tend to be more
expensive and have a reputation for nui-
sance alarms. Smoke detection is typically
not used due to the harsh conditions. Highly
sensitive smoke detection systems can
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provide extremely fast notification, detecting
smouldering fires other systems may not.

Containment and emergency drainage
Emergency drainage is effective in reducing
the oil fire hazard area to the minimum pos-
sible and reducing the magnitude and dura-
tion of any pool fire in the contained area.
Emergency drainage should be considered
for solid operating floors and ground floors
where oil accumulation is possible. Floor
slope should be continuous under compres-
sor trains. Drains, which can become clogged
with debris, floor low points, or sumps
should not be under compressor trains as
this can create an extended oil pool fire in
an undesirable location. Drainage should
accommodate the anticipated fire protection
water application plus a safety factor.

Containment alone is inferior to emer-
gency drainage. Although limiting the fire
area, containment creates an opportunity
for a longer duration pool fire. Sprinkler pro-
tection can be used in combination with con-
tainment. A foam-water sprinkler system is
the recommended option when containment
is present in lieu of emergency drainage.

Fixed water based protection
There is no better way to provide quicker,
more accurate, effective, and reliable appli-
cation of fire protection water than with an
automatic sprinkler/water spray system.
Manually activated fixed sprinkler/water
spray systems are a less desirable alter-
native as they are subject to human error,
resulting in delay of activation and poten-
tially decreased effectiveness. Other forms
of automatic fire protection systems are
either expensive, not as reliable, and/or pre-
sent personnel safety hazards and are not
viable alternatives to water based systems.
A combination of directional water spray
protection and conventional automatic sprin-
klers is the best arrangement. Directional
water spray nozzles are ideal to protect
bearings where an oil fire is likely to origi-
nate. Conventional automatic sprinklers
are provided beneath the operating floor to
protect the oil pool fire scenario below the
compressor train. Another application for
automatic protection are lube oil reservoirs,
pumps and at the ceiling level. Directional
water spray nozzles protect structural steel,
both for the building and any cranes.

Water mist

Water mist systems are special protec-
tion systems for protection of enclosures
for specific hazards including process
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equipment. Examples include combustion
turbines and machinery in enclosures. The
effectiveness of water mist must be proven
by fire testing on the specific hazard. Water
mist systems should be approved or listed
for the intended application.

Foam water systems

Although not effective on spray or three-
dimensional spill fires, aqueous film forming
foam (AFFF) can extinguish an oil pool fire
significantly quicker and more reliably than
a system delivering water only. A foam water
system is recommended where containment
is provided in lieu of emergency drainage or
where the water supply capacity is limited.

Manual firefighting capabilities

Different levels of manual firefighting capa-
bilities are appropriate for different cases.
The minimum necessary capabilities and
systems include a reliable fire protection
water supply satisfactory for firefighting hose
streams, well-spaced fire hydrants and moni-
tor nozzles, a properly trained and equipped
firefighting team and effective pre-fire plan.

Equipment arrangement

A well-designed layout/arrangement of
equipment in compressor buildings can
limit fire damage. Support systems and
equipment should be located as much as
possible outside of defined fire areas. Ade-
quate space separation should be provided
between compressor trains so a fire affect-
ing one will not severely affect other trains.

Water on compressor trains

Damage to hot steam turbine or com-
pressor by properly designed automatic
sprinkler or deluge sprinkler system is not
considered a significant hazard. FM Global
loss history shows no significant losses
where fire protection water application to
steam turbines or compressors has been
a contributing factor. [ |
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UREA PLANT INCIDENTS

Fatima Fertilizer Company Limited has collected data for
major incidents in urea plants worldwide for the last 50 years.
The root cause for each accident has been analysed and
lessons to be learned noted and used to check that suitable
safeguards are in place at Fatima Fertilizer. Syed Munawar
Zaman of Fatima Fertilizer reports on the data gathered and
the excellent safety record achieved at Fatima Fertilizer.

atima Fertilizer is the largest fertilizer

plant in Pakistan. The fertilizer com-

plex is a fully integrated production
facility located at Sadigabad, Pakistan, with
facilities to produce two intermediate prod-
ucts (ammonia and nitric acid) and three final
products: 500,000 t/a of urea, 450,000
t/a of calcium ammonium nitrate (CAN) and
375,000 t/a of nitro phosphate (NP).

The urea plant is based on Stamicarbon
Urea 2000plus® technology and has an origj-
nal design capacity of 1,500 t/d. The engi-
neering and procurement of the plant was
carried out by Kawasaki Heavy Industries,
formerly Kawasaki Plant Systems, from
Japan, while construction was carried out
by CNCEC from China. After finalisation of
the contract between Kawasaki and Fatima,
basic engineering was started in late 2006.

The plant was commissioned successfully
on March 16, 2010 and after three months
of smooth operation the plant performance
tests were successfully carried out. Soon
after commissioning and the performance
test, the plant achieved 110% load of its
design capacity. The efficiency and reliability
of the plant has proved to be outstanding.

The plant has the following key features
and advantages compared to conventional
urea plants:
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CO, stripping process;

pool reactor technology;

no carbamate condenser;
low NH; to CO, reaction;

no MP section;

hydrogen removal from CO,;
fewer items of equipment;
superior corrosion resistant material
(Safurex);

flexible plant operation;
minimum emissions;
optimised N/C ratio.

Stamicarbon Urea 2000plus® technology
employs a pool reactor operating at 145
bar pressure. The process comprises a
synthesis section, a LP recirculation sec-
tion, an evaporation section and a process
condensate treatment section. There is no
MP decomposition section.

Safety performance at Fatima Fertilizer

The safety record of Fatima Fertilizer is
outstanding. The current total recordable
incident rate (TRIR) of the complex is zero
with 38 million safe man-hours. There have
been no lost time incidents reported at the
complex in the last five years.

Fatima Fertilizer has adopted the best
available safety systems. HSE at Fatima
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Fertilizer Company is based on a sound
‘safety management system’. An excellent
foundation has been built based on struc-
tures (committees and sub committees),
solid procedures for critical safety activi-
ties, and investment on training of man-
agement and staff and leverage of various
business management processes such as
performance management.

Process safety management by DuPont
was initiated by Fatima Fertilizer Company
in 2013. With management commitment
and robust safety systems, Fatima Ferti-
lizer was awarded a rating of 3.6 by DuPont
in their external audit conducted in May
2015. This year Fatima Fertilizer is commit-
ted to achieving the excellence level (Rating
4) by DuPont in their external audit which is
being planned for November 2017.

Data gathering, analysis and
safeguards

Fatima Fertilizer has collected data for
major accidents in urea plants worldwide
for the last 50 years. The root cause for
each accident has been analysed and les-
sons to be learned noted (see Table 1).

Of the major accidents there were: 8 inci-
dents of explosions in the scrubber vapour
line, four incidents of reactor ruptures, three
incidents of HP pump failures, two incidents
of HP piping failure, one incident of an explo-
sion in an ammonia water tank and two inci-
dents of stripper bottoms rupturing.

The extensive analysis was carried out
as a means to check that suitable safe-
guards are in place at Fatima Fertilizer.
Following a detailed evaluation it was con-
cluded that the urea plant at Fatima Ferti-
lizer is adequately protected and the risk of
a catastrophic incident occuring at the plant
has been reduced to the minimum. [ |
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Table 1: Details of world-wide incidents and evaluation of safeguards at Fatima urea plant

Incident description

Root cause and consequence

UREA PLANT INCIDENTS

Safeguards at Fatima urea plant

Explosion in scrubber
vapour line

Due to pure oxygen dosing, the vapour line mixture reached
the explosive range and caused an explosion with hydrogen.
Consequence: 2 people injured and serious damage to
equipment.

Hydrogen convertor installed to
remove hydrogen;
air supply instead of pure oxygen.

Release of ammonia

High pressure ammonia pump failed (fracture of crankshaft)
causing a major ammonia release in a closed building.
Consequence: 2 people killed and ammonia released to 17 km.

Preventative maintenance plans in
place;

remote isolation of pump available
to immediately isolate pump from
ammonia receiver.

Rupture of high
pressure heat
exchanger

This was caused by improper fabrication of this heat exchanger
by the manufacturer.

The failure resulted in a major ammonia release.
Consequence: 11 people killed and a major ammonia release.

Proper design and regular
inspection of HP vessel available.

Heavy ammonia
release resulted in
death of 10 people
on the spot

A stand-by ammonia pump was blocked in for maintenance on
the PSV of the pump. In this plant, only a single block valve was
installed for isolating the ammonia pump from the rest of the
plant. The plant was in normal operation mode.

Whilst the PSV was removed, the suction valve of the ammonia
pump was tightened because a slight leakage was suspected.
As the operator tried to tighten the valve, its yoke

bush gave way and the spindle became free.

Consequence: 10 people died.

Double block and bleed protection
at ammonia pump available at
Fatima plant.

Rupture of urea
reactor

A liner leakage in a urea reactor caused severe corrosion of the
carbon-steel pressure parts of the reactor.

The leakage was detected by the leak detection system, however
the operating personnel did not respond to these warning signs.

Ultimately the reactor ruptured, causing a major ammonia release.

Leak detection system is available
with blockage test frequency;
standing instructions issued

to operator to stop plant when
indicated by LDS;

leakage less likely with Safurex.

Rupture of HP
scrubber

Hidden weld defect in a liner of a urea scrubber caused leakage
of this liner, resulting in severe corrosion of the carbon steel
pressure part of this scrubber. The leakage was not detected
by the leak detection system, since this system was not
operational. Ultimately the scrubber ruptured, causing a major
ammonia release and severe damage to the scrubber and its
direct surroundings.

Leak detection system is
functional;

Safurex material less likely to leak;
regular inspection by Stamicarbon
experts.

Explosion in
ammonia water
tank

Hydrogen containing urea synthesis off-gas inadvertently
entered the ammonia-water tank via the liquid let down line
of an atmospheric absorber, During flange welding at one
of the control valves at the ammonia water tank outlet,

the tank exploded.

Consequence: Tank damaged and some serious injuries
reported.

Zero hydrogen is ensured in
syn loop;

hot work permit protocol is
followed to assess risks.

Ammonia release

A minor leakage (pinhole) was observed on a welding point

of a thermowell on a HP line, when a leakage was being
inspected. The welding failed causing a major ammonia release.
Consequence: 4 people were killed, 5 people injured.

Safurex material has better
corrosion resistance;
thickness monitoring regime
available for HP lines.

Reactor rupture

The leak detection system of a urea reactor was operated
with steam as purging agent. Impurities present in the steam
accumulated in the layers of the urea reactor, causing stress
corrosion. The urea reactor ruptured as a result of this.
Consequence: 4 people died, 32 people injured and major
damage to plant.

Leak detection system is equipped
with instrument air for purging;
standing instruction issued not to
use steam for purging.

Ammonia release
from HP ammonia
pump suction line
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The weld joint of the common suction line of HP ammonia
feed pumps failed and caused a significant ammonia release.
The leak was sealed by means of a clamp in 2007.

In January 2008 it had leaked again and sealing compound
was re-injected. 2 weeks later the weld fully snapped off.
Consequence: Significant release.
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Temporary repairs are avoided
and, if required, must be time
bound.

Continued on page 50
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UREA PLANT INCIDENTS

Table 1 continued: Details of world-wide incidents and evaluation of safeguards at Fatima urea plant

Year Incident description

Root cause and consequence

Safeguards at Fatima urea plant

2009 Ammonia release

A drain line in the synthesis section ruptured. The entire
content of the synthesis was released through the ruptured
line into the environment. Fortunately, there were no personnel
accidents. The rupture was caused by weakening of the line
from erosion corrosion caused by stagnant carbamate in the
drain line being present in the drain line over a longer period
of time. This stagnant carbamate was present here because
of a leaking valve.

Double isolation on synthesis
drain line;

Safurex material;

flushing procedure to keep drain
line packed with condensate.

Rupture of ammonia
pump discharge pipe

Line was in bad condition as a result of corrosion, caused by
(repeated) inadvertent back-flow of corrosive fluid (ammonium
carbamate solution) into the ammonia pumping system.
Consequence: piping damage and one fatality due to ammonia
suffocation.

Thickness monitoring regime
implementation;

NRV at ammonia inlet to scrubber
to avoid back flow.

Rupture of urea
reactor at CF
Medicine Hat Canada

During shutdown condition, ingress of CO, due to passing of

the isolation/control valve resulted in an exothermic reaction in
the reactor and a temp rise. As a result, the passivation layer

was damaged and active corrosion started. The leakage was not
detected by the leak detection system due to a malfunction of the
analyser. Rapid corrosion resulted in the rupture of the CS portion.
Consequence: severe damage to reactor and shutdown of

plant for 2 months.

Depressurisation or stopping of
CO, compressor during shutdown;
monitoring/logging of reactor
conditions during shutdown;
ensuring functioning of LDS
system;

Safurex material requires less
passivation.

Near miss incidents with high potential consequences

2015 Leak in a liner weld
resulting in severe

corrosion

A leak occurred in a liner weld which was not picked up by the

leak detection system (LDS). The unnoticed leak created severe
corrosion in the pressure shell in a very short period of time. The
observation of crystallized product on the insulation cover sheeting
triggered plant management to put the plant out of service. This was
just in time, since further corrosion of the carbon steel could lead to
catastrophic failure of the urea reactor in a relatively short time.
Root cause: welding defects resulted in leak, but not picked by
LDS as it was not working properly.

Latest leak detection system;
pressure transmitter and ammonia
sensor of leak detection system to
immediately report leakage;
blockage test at certain frequency.

Leak in an HP pool
condenser resulting
in a cracked weld

A leak occurred in the HP pool condensor which was noticed by
the steam conductivity measurement. Poor steam quality had
caused erosion and large cavities in the carbon steel tube sheet
under the SS overlay weld. The overlay weld had been pushed into
the cavities by the process pressure. This deformation caused the
tubes of the hairpin to strongly bend close to the overlay welds and
finally causing a cracked weld. The cavities which existed could
have weakened the tubesheet to such extend that catastrophic
failure would follow. The cavities are unrevealed failures.
Fortunately a leak in the weld triggered a shut down.

Conductivity analyser available to
ensure steam quality;

Safurex material and regular
inspection regime.

Near miss incidents with high potential consequences at Fatima urea plant

2009 Bulging in HP stripper

During commissioning, pressure test of leak detection system was
performed at 7 bar against design of 1 bar of leak detection system
which resulted in bulging in HP stripper liner, There was possibility
of damage to pool reactor as well, this was early detected otherwise
could result in catastophic failure during plant start up.

Strict compliance of procedure not
to exceed pressure of more than
1 bar in leak detection system if
loop is not pressurised.

2009 Acid ingress in
lube oil of CO,

compressor

Chemical cleaning of the LP steam drum ( V-904 ) was in progress

with acetic acid. Nitrogen at 5 bar was being introduced through the
bottom via a hose pipe for mixing purposes. Due to the repeated

use of nitrogen, its pressure dropped to 1 bar at the utility header

and acetic acid flowed back into the nitrogen utility station resulting

in contamination with acetic acid. Nitrogen was being used in the
compressor lube oil system so there was ingress of acetic acid into the
bearings resulting in severe damage to the compressor bearings/seals.

What-if analysis is now done for
any chemical cleaning.

Conclusions and major lessons learned from catastrophic incidents:
v/ Ensure prompt response of leak detection system; v Install hydrogen convector and control hydrogen content; V' Replace pure oxygen with air in HP loop;
v Ensure fitness of HP equipment through inspection regimes; v Ensure fitness of HP piping; v Double block and bleed during maintenance intervention;
v Follow MOC protocol; v' Importance of quality of workmanship and provision of installation procedures
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SHARING OF UREA INCIDENTS

Stamicarbon is inviting urea manufacturers to help build a urea incident database that all
can benefit from. By sharing experiences the industry can learn from past incidents and near
misses to gain a better understanding of the risks within urea production facilities and to
improve plant safety. H. Jorritsma of Stamicarbon discusses the importance and potential
benefits of the new incident sharing HSE portal.

atastrophic events in process

industries are categorised as

“low-probability, high-consequence
occurrences” and receive a lot of media
attention. But history teaches us that even
these major events will be forgotten with
the passage of time.

Effective incident investigation, report-
ing and follow-up are necessary to achieve
a safe operational environment. Incident
investigations provide the opportunity to
learn from reported incidents and to use
this information to take corrective action
designed to prevent them from recurring.
It is essential to translate learning into
design practices and operational practices.

All of the international design stand-
ards that have been developed and form
the basis for Stamicarbon’s current safe
plant design have been derived largely
from experience of incidents.

If you can use the mistakes of the past
to avoid future errors, you have a good
chance of staying in business.

At the moment a higher-consequence
accident takes place at a facility, the majority
of the plant personnel is either directly or indi-
rectly involved. Their involvement can range
from participating in an incident investigation
team, implementing corrective actions or, in
the worst case, being directly impacted by
the accident. Especially when co-workers are
severely injured or killed, the impact on the
organisation is profound and everybody will
understand the necessity of effective safe-
guards and operational practices.

It is essential to formally embed what we
learn from these incidents in design prac-
tices and operational regimes to prevent
similar incidents from reoccuring.
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Problem statement

In the current global industrial environ-
ment new process safety challenges can
be identified which are different from those
of the past. These developments might
introduce new risks which have not been
experienced before, but also decrease the
effectiveness of the learning organisation.

If you can use the
mistakes of the past to
avoid future errors, you
have a good chance of
staying in business.

The following are some of the most relevant

challenges:

® When small companies consolidate into
larger ones, their centralised oversight
function may lack the capacity to main-
tain previous standards of oversight at
individual sites.
On the other hand, decentralisation of
corporate functions can force sites to
operate according to standards that
they set themselves. This narrows the
experience base and diminishes corpo-
rate memory.
Reductions in work forces stretch the
remaining manpower with much the
same effect as decentralisation.
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Frequent merging and demerging of
companies increases the possibility of
buying assets or operations with risk
exposures that are not well understood.
The increasing age of many facilities
and the extension of asset life beyond
the original design intent increases
maintenance needs and may lead to
failure modes that were not foreseen
over the expected lifetime of the asset.
Strong emphasis on personal safety
behaviour does not necessarily improve
process safety performance.
These developments cannot be stopped;
they are inevitable in the globalised mar-
ket in which we operate. But it is impor-
tant to be constantly aware how these
developments can endanger the safety
performance of individual manufacturers
or facilities. This emphasises the neces-
sity for collaboration across the urea ferti-
lizer industry to document process safety
events and share these with each other.

Learning from incidents

As far back as 48 years ago, Stamicar-
bon realised that recording major process
safety accidents in urea facilities would
enable it to subsequently improve its pro-
cess design. Besides capturing the data,
Stamicarbon also played a leading role in
the root cause analysis of the majority of
these events. In Fig. 1 the major accidents,
as known by Stamicarbon, are expressed
in a bar chart accompanied by the relevant
lessons learned.

Eight of the 20 accidents (in the period
1967 to 1981) were related to hydrogen
explosions.
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SHARING OF UREA INCIDENTS

Fig 1: Urea accident vs learning effect

explosion off-gas/inert scrubber
reactor ruptured

HP pump failure

HP line ruptured
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flange/valve ruptured
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number of accidents

prompt response to alarm from LDS*
@ install H, removal system

replace pure oxygen dosing by
air dosing

LDS* to connect to instrument air
instead of steam

*LDS = leak detection system (synthesis)

The lesson learned was to replace pure
oxygen dosing by air dosing and to provide
the CO, supply with a hydrogen removal unit.

In plants where both control measures
have been implemented no explosion has
ever taken place. Learning from past inci-
dents does pay offl

Currently the database contains the
details of 20 major accidents. The question
is whether this very limited number of data
points provides sufficient input to meet the
objectives in Stamicarbon’s mission state-
ment. Can we identify common causes and

. HP equipment formally inspected

double block and bleed during maintenance
intervention

@ management of change

@ installation procedures to be established

and followed

failures of barriers (preventative measures)
and correct these failings before a high-con-
sequence incident actually takes place?
The fact is that before a severe incident
happens we usually receive a lot of warn-
ings (see Fig. 2): A barrier may have failed
but the final unwanted consequence did
not occur because another barrier worked
in its place.
First let us start with some definitions:
® An incident can refer to any event — big
or small, good or bad, intentional or
unintentional.

Fig 2: Incident pyramid and the importance of leading indicators

Before a fatal accident
happens we already get a lot
of warnings. On average 600
near misses take place
before the final unwanted
fatal injury becomes reality.
They represent a lot of data
points from which we could
have learned; however,

if we don’t record them
consciously the information
will be lost.

® An accident (a sub-set of incidents) is
an unintentional bad event caused by
error or by chance. It occurs when a
barrier (see below) is penetrated and
the hazard affects the vulnerable object
(people, environment, property) causing
damage.
A near miss (a sub-set of incidents)
occurs when a barrier is penetrated but
the vulnerable object is not present or
is not affected (see schematic repre-
sentation of a near miss in Fig. 3).

The essence of near-miss management
stems from the fact that accidents typically
have a history of warning signs that are
leading indicators or precursors of major
events (Fig. 2). For every accident there
are many more near misses. Their main
causes are unsafe practices and condi-
tions resulting from at-risk behaviour. In
the past, plant owners did not see the
added value of investigating near misses.
Everybody focused on the high-conse-
quence events like fatal injuries, fires and
explosions.
Why should we record and investigate
incidents and near misses?
® To identify and strengthen key barri-
ers between hazards and vulnerable
objects which are less than adequate
and have allowed the incident or near
miss to happen.
Only when we know the broken or lack-
ing barriers can we improve!

Also, incidents with a lower consequence
or even near misses, provide us with
valuable information. They tell us some-
thing about the protective barriers which
were broken.

Lagging indicators
After the facts!
Limited number of events to learn

30
incidents of damage to property

600
near misses

from
The standard in the “old days”

Leading indicators

Enabling the occurrence of severe
incidents to be “predicted”

High number of events to learn from
What are the broken barriers?

continuous improvement 4—)
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The same broken barriers can also lead
to major events in less favourable circum-
stances.

Investigating incidents enables us
to identify and strengthen key barriers
between hazards and vulnerable objects
which were less than adequate and
allowed the incident to occur.

Although near misses provide learn-
ing opportunities, we have to realise that
there is an optimum number of investiga-
tions that can and should be conducted
during the daily operation of an organisa-
tion. Companies simply do not have the
resources available to investigate all inci-
dents and near misses. Each individual
company will have established criteria to
decide when an incident or near miss will
be investigated to the full extent.

In general, three components deter-
mine which events are selected for further
investigation.
® Actual consequence: How severe

is (are) the consequence(s) of the
incident?
Potential consequence: How severe
could the consequences have been
with a different scenario/sequence of
events? Sometimes near misses could
have resulted in more serious conse-
quences under slightly different circum-
stances.

Barriers that prevented or could have

prevented the incident from reaching

its potential consequence: Which bar-
riers were in place to prevent the poten-
tial consequences?

O Where effective barriers proportionate

to the potential consequence can be
identified, the risk was mitigated as
intended and the necessity of further
investigation is relatively low.
Where no barriers or ineffective barri-
ers can be identified, the vulnerable
object was just lucky and in case of
a near miss further investigation is
strongly recommended.

In summary, an injury, loss of containment
or equipment damage can be minor, but if
it potentially could have been much worse
and no adequate barriers were in place an
investigation needs to take place.

As already mentioned, the current Sta-
micarbon incident database, which has
been in place for 48 years, only contains
the details of 20 major incidents. This low
number of data points is insufficient to
effectively improve the safety performance
of our urea process safety design.
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Fig 3: Schematic representation of a near miss

some holes due
to active failures

other holes due
to latent conditions

Successive layers of defence

When a barrier is penetrated it means that
energy has already been released and at
least one barrier has failed. Either there is
an additional effective protective barrier in
place or the vulnerable object is not
impacted by the hazard.

The last we call luck.

Barriers:
e human intervention
(supported by training, alarm etc.);

safety instrumented systems;
safety relief valves and rupture discs;

post-release mitigation
(firefighting, safe haven,
process sewer, flare etc.);

personal protective equipment.

Besides this incident database, Stami-
carbon has also explored other sources of
incident information to populate the inci-
dent pyramid:
® Fertilizer industry associations: IFA,

AIChE Ammonia Safety Committee, Fer-

tilizers Europe
® Internet news channels
® Governmental investigation boards

However, once again, it is typically only
the major events that are reported and the
lower-consequence incidents are seldom
mentioned. Because of this, we are left
with lagging indicators instead of the so
badly wanted leading indicators.

It is not only Stamicarbon’s database
that contains insufficient data points to
reveal common causes. The same is true
of incident databases at customers’ indi-
vidual sites. That is why urea manufactur-
ers need to work together and build an
incident database that all can benefit from.

Path forward proposal

Stamicarbon is convinced that there is a
strong need to offer an incident sharing
portal for the benefit of all urea producers.
Initiatives in the past from Stamicarbon
and other associations, workgroups, etc.,
often failed as there were perceived obsta-
cles which deterred people from openly
sharing information on their incidents and
near misses. Companies may fear dam-
age to their reputation or administrative
burden; or they may simply not believe in
the benefits of it all.

A new incident sharing portal can only suc-
ceed if it is based on trust and confidentiality.
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That is why Stamicarbon wants to kick off the
initiative by ensuring that access can only be
granted by HSE professionals. This role can
be filled by an HSE officer, HSE engineer, HSE
manager, QESH manager, etc.

The first step is that the HSE profes-
sional at the customer company fills in a
brief notification, roughly describing the
process safety incident; this demands only
a limited amount of administrative effort.

The following process safety incidents
are considered as incidents with a high
learning potential and it is strongly recom-
mended that they should be recorded at
the HSE portal:
® High actual consequence — insufficient

barriers or failed barriers;
® Low actual consequence (e.g. near

miss) — high potential consequence,
insufficient barriers.

The second category contains the events
which were hidden until now but are more
frequent than the first category and also
contain the potential for learning (leading
indicator).

Customers who report an accident or
near miss to Stamicarbon can get support
and a tailor-made recommendation under
an applicable service agreement.

Each quarter, an anonymous update
will be sent to all subscribing customers to
inform them of relevant accidents and near
misses. Common-cause analysis and new
HSE insights provided by Stamicarbon will
enable customers to improve their process
safety performance.

Urea facility operators can subscribe to
the HSE portal at www.stamicarbon.com
under products/HSE portal. [ |
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Nitrogen +

Syngas 2018

26 February - 1 March 2018
Gothia Towers, Gothenburg, Sweden
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SAVE THE DATE!
26 Feb -1 Mar 2018

5 GREAT REASONS TO ATTEND:

e Network with 700+ technical and commercial
peers from 50+ countries

e Share experience and best practice with your
peers

e Develop practical solutions to operational
problems, via 45+ technical papers and
case studies

e Learn about the latest technologies and
innovations in the technical showcase
presentations

e Boost your strategic thinking via the commercial
programme, and understand the global and
regional drivers through 2018 and beyond

Perfect conference with excellent
networking opportunities.

Harrie Duisters, Technology Director, OCI Fertilizers

Official publications Supporting magazines

nitrogen
D) rerTILZERWEEK Yhgas

ki R

Promoting and developing best practlce and innovation in the global mtrogen mdustry

Excellent conference, very
well organised with key

and relevant technical and
commercial presentations

on the present state of the
fertilizer industry and outlook
as well as modern innovation
technologies by the industry
experts. Great forum for
networking and enhancing
your professional development
in this dynamic industry.

Nirvaan Soogrim, Senior Chemical
Engineer, PCS Nitrogen Trinidad Ltd.

Excellent platform for
knowledge sharing, networking
with delegates from key
players of syngas, nitrogen and
fertilizer units from all over the
world, and exposure to latest
developments and operating
strategies development.

Wagqas Shehryar, Process Engineer,
Fatima Fertilizer Co. Ltd.

Supporting partners

[\ eHEMICAL EURASIAN $ gasworld

For more information, or to book your place, go to www.nitrogensyngas.com
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. ENVIRONMENTAL COMPLIANCE,
- SAFETY, RELIABILITY

23

24 are the finest ingredients for durable industrial investments.
25 Eurotecnica’s high-end technologies grant a perfect combination between
26 sustainability and profitability, as companies the likes of QAFCO, ADNOC
Takreer, Xinjiang Xinlianxin, MHTL Trinidad, Grupa Azoty can witness.

27 EUROMEL® Melamine Process, the leading technology for the production of

28 crystal melamine from urea or ammonia, is the only melamine process featuring
total zero pollution.

29 ET Black™ Carbon Process is the technology of reference for producing

30 carbon black, a widely used chemical obtained by thermal decomposition of
highly aromatic oils such as FCC decant oil, Ethylene Tars, Coal Tars.

31 ET Sun Energy™ Process is used to implement the thermal energy storage
systems applied at CSP solar power plants for enhancing the electric power

32 dispatchability.

33

34 Ask for more information. Visit us on www.eurotecnica.it
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. BY EUROTECNICA MAKING SUSTAINABILITY PROFITABLE
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